DESCRI PTI1l ONORGAN C EL DI SPLAY Technical Field The present
invention relates to an organic el ectrolum nescent (EL) display. Background
Art Si nceworg@nsssiEL di spl ays are of sel f-emnm ssion typepctthexmosavesa w de
view ng angle and a high repose speed. In addition, they do not require a
backlight, and therefore, lowprofile and |ightweight are possible. For

t hese reasons, the organic EL displays are attracting attention as a

di spl ay which substitutes the liquid crystal display. An organic EL

el enent, which is the main part of the organic EL displays, includes a
light-transmtting front electrode, a light-reflecting or lighttransmtting
back el ectrode facing the front eled rode,r andr an @ngani ¢ | ayer interposed
bet ween the el ectrodes and containing a light-emtting | ayer. The organic
EL element is a charge-injection type light-emtting elenent which emts

| i ght when an electric current flows through the organic layer. In the
nmeanti ne, the | um nance of the orQBGRNIELE®I @@8RLAYNCr eases with the

magni tude of current flow ng

5 Technical Field
The present invention relates to an organic
electroluminescent (EL) display.
Background Art
Since organic EL displays are of self-emission
10 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
15 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,

20 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.

25 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



through the EL el enent. However, if the currentdensity is increased, power
consunption increases and the lifetinme of the organic EL elenent is

si gni fi canbl2goerssdiced. Therefore, in order to achi eve hipghmip2msnemse, | ow
power consunption, and long lifetinme, it is inportant to nore efficiently
extract the light emtted by the organic elenent fromthe organic EL
display, i.e., to inprove an outcoupling efficiency. D sclosure of

I nventi on An object of the present inventicon is to inprove an outcoupling
efficiency of an organic EL display. According to an aspect of the present
invention, there is provided an organic EL display conprising an organic EL

el enent whi ch CRPRALSLY sa ihich ek seheCade: BnSesf %QQO%]Q%E&%@%e%a%%@Q the
first electrode, and an active Iayer i nt erposed between the first and

second el ectrogas andcitAalkudirnghan celiahtiicn@rl ayemenand sak iguti auphitig | ayer
facing the first electrode, wherein the organic EL el enent forns a
wavegui de | ayeredhicehkl.i nChedesotrlee finr strdelretior addiave: tlieghacti ve | ayer and
in which [ight conponents fromthe emtting | ayer propagate in an in-plane
direction parallalineocs,maiow powkac e oo urps iway e guiddeé dngy ér faftiline , cdifsi ng
mul ti pl ebeaminterference, wherein a distance between the outcoupllng | ayer
and t he ﬁavegu#éelW§VéFaP§ §Rofoge efficiently extract the light

emitted by the organic element from the organic EL
display, i.e., to improve an outcoupling efficiency.
Disclosure of Invention
An object of the present invention is to improve
10 an outcoupling efficiency of an organic EL display.
According to an aspect of the present invention,
there is provided an organic EL display comprising an
organic EL element which comprises a first electrode, a
second electrode facing the first electrode, and an
15 active layer interposed between the first and second
electrodes and including an emitting layer, and an
outcoupling layer facing the first electrode, wherein
the organic EL element forms a waveguide layer which
includes the first electrode and the active layer and
20 in which light components from the emitting layer
propagate in an in-plane direction parallel to a méin
surface of the waveguide layer while causing multiple-
beam interference, wherein a distance between the
outcoupling layer and the waveguide layer is shorter
25 than a wavelength of light from the organic EL element,
and wherein a guide length x in um calculated by using

a following equation (1), a number of reflection m



than a wavel ength of light fromthe organic EL el enent, and wherein a guide
|l ength x in nmcal cul ated by using a follow ng equation (1), a nunber of
refl ecti owmormo@lossdiat ed by using a follow ng equation (2pcTam@bsonpt i on
coefficient a in mmof the wavegui de |ayer, and an outcoupling efficiency b
of the outcoupling |layer satisfy a relationship represented by a follow ng
inequality (3), where L is a thickness in mmof the waveguide layer, qgj_ is
an incident angle at which a Iight conponent with the highest intensity
emtted by the emtting |layer and propagating in the in-plane direction in
t he wavegui de | ayer while causing nmultiple-beaminterference is incident on

a main surface.of oy hec avegui diend ay ef o f B&I NGy tdgupuL §OUPE ) Ngah ayer, and the
outcoupling efficiency b i's a |um nous energy ratio of a |ight conponent

extracted frompderpevaguiser f ayesntv g hif espettot otlad waeégendel i ght for a
single reflection of the |ight conponent with the highest intensity on the

mai N surface afaydwe, waveogun deut ayerl fagi eafyf T dieerowy coupt iige |l ayer. x - - (1
) CSqj 1 (InNfGOL m=- +1 (2) 2 ax J
outcoupling layer satisfy a relationship represented by
5 a following inequality (3), where L 1s a thickness in
pum of the waveguide layer, 6; is an incident angle at
which a light component with the highest intensity
emitted by the emitting layer and propagating in the
in-plane direction in the waveguide layer while causing
10 multiple-beam interference is incident on a maiq
surface of the waveguide layer facing the outcoupling
layer, and the outcoupling efficiency B is a luminous
energy ratio of a light component extracted from the
waveguide layer with respect to an incident light for a
15 single reflection of the light component with the

highest intensity on the main surface of the waveguide

layer facing the outcoupling layer.

X= L (1)
cos6;
20
m=1(1n100+1j e (2)
2\ ax
& 1-pM
> 0.1 <0 (3)
BMZ=:1 exp{oc(ZM - l)x}
Brief Description of Drawings
25 FIG. 1 is a sectional view schematically showing

an organic EL display according to a first embodiment

of the present invention;



z>0.i . . . (3) ] lexp{a(2M1)x} Brief Description of Drawings FIG 1 is
a sectional view schematically show ng an organic EL display according to a
first enmbwdiomniz3nk the present invention;FIG 2 is a vipewisplosnetscal |y
showi ng how an outcoupling |ayer extracts light froma wavegui de |ayer, in
which the Iight propagates in an in-plane direction while causing
multi-beaminterference, to the atnosphere; FIG 3 is a view schematically
showi ng how the |ight propagates in the wavegui de |layer in the in-plane
direction while causing nmulti-beaminterference; FIG 4 is a graph show ng
an exanple of a relationship between an absorption coefficient of the

wavegui de | ayer andggqunberls Qf #ief) ectdedit ikld®1 P drod ridf aRfly SPwW ng
exanples of a relationship between a nunber of reéflection and an

out coupl i ng ef biugicongyingl Gayer % x&rSeeld anaihtvirfewns ehemBidgealdey showi ng an
exanple of a structure which can be enployed for an organic EL el enent of
t he organi c EL ldiyepl, aynskwbvahl nhiel Gight; pangalaGesr ins aa dectdlamad vi ew
schemati cal |y show ng
direction while causing multi-beam interference, to the
5 atmosphere;
FIG. 3 is a view schematically showing how the
light propagates in the waveguide layer in the in-plane
direction while causing multi-beam interference;
FIG. 4 is a graph showing an example of a
10 relationship between an absorption coefficient of the
waveguide layer and a number of reflection;
FIG. 5 is a graph showing examples of a
relationship between a number of reflection and an
outcoupling efficiency;
15 FIG. 6 is a sectional view schematically showing
an example of a structure which can be employed for an
organic EL element of the organic EL display shown in
FIG. 1; and
FIG. 7 is a sectional view schematically showing
20 another example of a structure which can be employed
for an organic EL element of the organic EL display
shown in FIG. 1.
Best Mode for Carrying Out the Invention
An embodiment of the present invention will be
25 described below in detail with reference to the

accompanying drawings. The same reference numerals

denote the same or similar constituent elements



anot her exanple of a structure which can be enployed for an organic EL

el enrent of the organic EL display shown in FIG 1 . Best Mde for Carrying
Qut the Iwoenidmss1An enbodi mrent of the present inventi orCcwmiJpooberdsscri bed
below in detail with reference to the acconpanyi ng drawi ngs. The sane
reference nuneral s denote the sane or simlar constituent

el enent st hr oughout the drawi ngs, and a repetitive description thereof wll
be omtted. FIG 1 is a cross sectional view schematically show ng an
organi ¢ EL display according to an enbodi nent of the present invention. In
FIG 1, the organic EL display 1 is illustrated such that its display

surface, that i §hrBHShEEQnEh§UHﬁfé%emgfsacﬁﬁddgwﬂ\é@é@hi:L@@ddblé%rli@%iio%ul’ face
faces upwardly. The organic EL display 1 is a top emi ssion type organic EL

di spl ay which egpkeysraniact beeohmmtriey.drive method. The organic EL display
1 includes an insulating substrate 10 such as a glass substrate. On the
transparent substrat @IE0, lpiixelks caoe saseandgedaln va ematsciheradrima lBach pi xel

i ncludes a pixel circuit and an organic EL el ement 40. The pixel circuit

i ncl ude, for exahpiWéngaadr prgavdnt E&l despdent acaordshowip and an out put

control . .
embodiment of the present invention. In FIG. 1, the

organic EL display 1 is i1llustrated such that its
display surface, that is, the front surface, faces
downwardly and the back surface faces upwardly.

The organic EL display 1 is a top emission type

10 organic EL display which employs an active matrix drive
method. The organic EL display 1 includes an
insulating substrate 10 such as a glass substrate.

On the transparent substrate 10, pixels are
arranged in a matrix form. Each pixel includes a pixel

15 circuit and an organic EL element 40.

The pixel circuit include, 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,

20 and 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

25 the organic EL element 40 via the output contrpl switch
20. A control switch of the pixel switch is connected

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



switch 20 connected in series with the organic EL el enent 40 between a pair
of power supply termnals, and pixel switch (not shown) . The drive contro
el ement hae 2aoemsBdieol term nal connected to a video sigrer/ipraso(msd shown)
via the pixel switch and outputs a current, whose nagnitude corresponds to
a video signal supplied fromthe video signal line, to the organic EL

el ement 40 via the output control switch 20. A control switch of the pixe
switch is connected to a scan signal |ine ot shown) , and a

swi t chi ngoperation of the control switch is controlled by a scan signa
supplied fromthe scan signal line. Note that other structures can be

enpl oyed for t j tewiPehassanoHpdeneeat phayescda, for
5 exanpl e, an gﬁ%ﬁf g%i?Agﬁd£§§ §F§§£§gygy a?e a?raﬁged in thig ordgr. A

sem conductor |ayex,13ssyshiag arpel yakl sean kaygrli niwkichnatehanael ,
source and drain are forned, a gate insulator 14 which can be forned with
use of, for exampher JECG{tetsaethybe] efipdotbasiEbircahe) pixahd.a gate

el ectrode 15 made of, for exanple, MoW are arranged in this order on the
undercoat |ayer 12, andthhesebkayets flormea bopugdeetppé tlhiyerf ilPm for
transistor (referred to as a TFT hereinafter) . In this exanple, the TFTs
are usedSas 1 STFMslef eheSplxelagart endSIn SlPputaryent REF SWIrEEASENd

in this order. A semiconductor layer 13 such as a
polysilicon layer in which a channel, source and drain
are formed, a gate insulator 14 which can be formed
with use of, for example, TEOS (tetraethyl

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 to as a TFT
hereinafter). In this example, the TFTs are used as

15 TFTs of the pixel switch ST, output control switch 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, Si0y4 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



drive control elenent. Further, on the gate insulator 14, scan signal |ines
(not shown) which can be forned in the sane step as that for the gate

el ect r odewd20@wmw3aer anged. 2 0 An interlayer insulatingpCirhmdsomse of,

for exanple, SiOx which is deposited by a plasma CVD net hod, covers the
gate insulator 14 and gate el ectrode 15. Source and drain electrodes 21 are
arranged on the interlayer insulating film17, and they are buried in a 2 5
passivation film 18 nade of, for exanple, SiNx . The source and drain

el ectrodes 21 have, for exanple, a three-layer structure of M/A /M, and
el ectricallyconnected to the source and drain of the TFT via contact holes

formed in the pBhetdayes iosvhat kBartkl Bnd7arbunt her cnen ttehe visat er | ayer:
insulating film217, video signal lines (not shown) which can be fornmed in

the sanme step asntthadt flesléberseneaeiandhdr anfeellagrodesudbhtdng ainanged.
A flattening layer 19 is fornmed on the passivation film 18. Reflection
| ayers 70 are afrangedronetheofil ahtennhgrilayer i®suvAatdnd rféedimn 1dan be used
as a material of the flattening |ayer 19, for exanple. A netal nmaterial
such as A, foridemptegnehnlbaegsddossshomat emwhalchofcanhber dolraed dm | ayer
70. The flattening layer 19 and the reflection |ayer ,
5 the” same step as that for the source and drain
electrodes 21 are arranged.
A flattening layer 19 is formed on the passivation
film 18. Reflection layers 70 are arranged on the
flattening layer 19. A hard resin can be used as a
10 material of the flattening layer 19, for example. A
met al 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
15 an example, the outcoupling layer 30 includes a first
portion 31 with light-transmission property, and second
portions 32 dispersed therein. For example, the second
portions 32 have light-transmission property, and are
dif ferent in refractive index from the first portion.
20 If an arrangement of the second portions 32
substantially forms a lattice when the outcoupling
layer 30 is observed in a direction perpendicular to
its film surface, the outcoupling layer 30 serves as a
dif fraction grating. Alternatively, if the second
25 portions 32 are randomly arranged when the outcoupling

layer 30 is observed in a direction perpendicular to

that its film surface, the outcoupling layer 30 serves



70 are covered with an outcoupling |layer 30. Here, as an exanple, the
outcoupling layer 30 includes a first portion 31 with light-transm ssion
property,wendisassard portions 32 dispersed therein. For pexarplosmnithe second
portions 32 have light-transm ssion property, and are different in
refractive index fromthe first portion. If an arrangement of the second
portions 32 substantially forns a |attice when the outcoupling layer 30 is
observed in a direction perpendicular to igs filmsurface, the outcoupling
layer 30 serves as a diffraction grating. Alternatively, if the second
portions 32 are randomy arranged when the outcoupling layer 30 is observed
in a d'reCt'0%§“§*¥ﬂ§ﬂﬁ?§é§t%8rﬁﬂ tJits filmsurface, the outcoupling

| ayer 30 servesas a light-scattering layer. The outcoupling |ayer 30 may

not have a structurg, Shaw-bpihiGg baydiors @xapl eot thevoud couphingre ayer
30 may be a filmwth Iight-tFﬁnsﬁ%ssﬁ%n property which is provided with a

nunber of recesgfm Ofn PrS N Ui, ONgo@N e ai@ It Suaca tdenehfng Qe ydie 30
outcoupling layer 30, first electrodes 41 with |ight-transm ssion property
are arranged spacesk apafilr r emtond ighot-herandsaichs fon sprapecty odel 1 faces
the reflection layer 70. In addition, each first electrode 41 | s connected
to a drd n el etownidée@lwitita a number of recesses or protrusions on a
main surface thereof.
On the outcoupling layer 30, first electrodes 41
with light-transmission property are arranged spaced
apart from one another. Each first electrode 41 faces
10 the reflection layer 70. 1In 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.
The first electrode 41 is an anode in this
15 example. As a material of the first electrode 41, for
example, a transparent conductive oxide such as an ITO
(indium tin oxide) can be used.
A partition insulating layer 50 is placed on the
outcoupling layer 30. In the partition insulating
20 layer 50, through-holes are formed at positions
corresponding to the first electrodes 41. The
partition insulating layer 50 is an organic insulating
layer, for example, and can be formed by using a
photolithography technique.
25 An active layer 42 including a light-emitting

layer 42a is placed on each first electrode 41 which 1is

exposed to a space in the through-hole of the partition



t hrough-hol es forned in the passivation film18, the flattening |ayer 19,
and the outcoupling layer 30. The first electrode 41 is an anode in this
exanpl e. we aogmBBaARi al of the first el ectrode 41, for erawpPE05/817236
transparent conductive oxide such as an ITO (indiumtin oxide) can be used.
A partition insulating layer 50 is placed on the outcoupling |ayer 30. In
the partition insulating |ayer 50, thr:ough-holes are fornmed at positions
corresponding to the first electrodes 41. gThe partition insulating [ayer 50
is an organic insulating layer, for exanple, and can be fornmed by using a
phot ol i t hography technique. An active layer 42 including a light-emtting

| ayer 42a is pl a Lr el r 1owhi d q#gg@egg . & space
in the thrpugﬁg%%fgag?hfh% %#;?%ioﬁfﬁiﬁ?ﬁ??ﬁgepgggg‘§g?' he Iiﬁ%?ﬁegftting
layer 42a is a |l nefif negond al MG & dkivhBeseeHt Hganie whi ch
can generate a color of, for exanple, red, green or blue. The active |ayer
4 2 can furthegnidel ale gehayefe o hesidhad £t hedr ghiangsiid t i med) ayeserd2a.

For exanple, the active layer 42 can further include a buffer layer 42b
whi ch serves ter ediat e The aoieed i bnyveaf 4Aal esnf romitther frontudd ezt rode 41
into the emtting |ayer 42a. The active |layer 42 can further contain a
5 layer other than the light-emitting layer 42a. For
example, the active layer 42 can further include a
buffer layer 42b which serves to mediate the injection
of holes from the front electrode 41 into the emitting
layer 42a. The active layex 42 can further contain a
10 hole transporting layer, a hole blocking layer, an
electron transporting layer, an electron injection
layer, etc.
The partition insulating layer 50 and the active
layer 42 are covered with a second electrode 43 with
15 light-transmission property. The second electrode 43
is a cathode which is continuously formed and common to
all pixels. The second electrode 43 is electrically
connected to an electrode wiring, the electrode wiring
being formed on the layer on which video signal lines
20 are formed, via contact holes (not shown) formed in the
passivation film 18, the flattening layer 19, the
outcoupling layer 30, and the partition insulating
layer 50. Each organic EL element 40 includes the
first electrode 41, active layer 42 and second
25 electrode 43.

In general, the organic EL display 1 shown in

FIG. 1 are sealed by glass sealing or protective film



hol e transporting | ayer, a hole blocking | ayer, an electron transporting

| aye r an electron injection |layer, etc. The partition insulating |ayer 50
and the awbi2ves/d3zsier 42 are covered with a second el ect Podgpr2ids/0i725s
light-transm ssion property . The second el ectrode 43 is a cathode which is
continuously formed and common to all pixels. The second el ectrode 43 is
electrically connected to an electrode wiring, the electrode w ring being
fornmed on the layer o n which video signalglines are forned, via contact

hol es (not shown) forned in the passivation film 18, the flattening | ayer
19, the outcoupling layer 30, and the partition insulating |ayer 50. Each

organi c EL el eqent ;40 | achudes Lhepfisheelgetsoge dl metdvandayersd2 and
second el ectrode 43.7In general, the organic EL display 1 shown in FIG 1

are seal ed by glagspseayi 88t 6F1protestive Lol 8vealENY WincoNmerstorprevent
the organic EL elements 40 from being deteriorated due to contact with

moi sture or oxyggfe@nandhehéi kekel n addaiddbiohn deneyealeral pohari zi ng
plate is placed on the front side of the organic EL el enents 40. Although
the organi ¢ Elpdisplaynd shatm is Fl&ed o8 dhet fpamt ssidm eypehet he
organi _c EL display 1 may

5 organic EL elements 40.

Although the organic EL display 1 shown in FIG. 1
is of top emiésion type, the organic EL display 1 may
be of bottom emission type. For example, the
reflection layer 70 may be omitted, and the second

10 electrode 43 may have light-reflection property.

As described above, in the organic EL display 1,
the outcoupling layer 30 is placed so as to be adjacent
to the organic EL element 40. When such a structure is
employed, as described below, the light emitted by the

15 light emitting layer 42a of the organic EL element 40
can be extracted from the organic EL display 1 with
higher efficiency.

A portion of the light components emitted by the
light -emitting layer 42a propagates in an in-plane

20 direction while repeating reflection (reflection or
total reflection) in a region including the first
electrode 41 and the active layer 42 of the organic EL
element 40, in this example, in a layered structure of
the first electrode 41 and the active layer 42. That

25 is, a portion of the light components emitted by the
light emitting layer 42a propagates in the in-plane

direction while repeating reflection in a waveguide



be of bottom emi ssion type. For exanple, the reflection |ayer 70 may be
omtted, and the second el ectrode 43 may have |light-reflection property. A
s descri bwo 2admmsss12i n the organic EL display 1 , the ourcwuptiongiayer 30
is placed so as to be adjacent to the organic EL el ement 40. Wen such a
structure is enployed, as described below, the Iight emtted by the |ight
emtting |ayer 42a of the organic EL elenent 40 can be extracted fromthe
organic E L display 1 with higher efficigncy. A portion of the |ight
conponents enitted by the light emtting |ayer 42a propagates in an
in-plane direction while repeating reflection (reflection or total

refl ection) |14 deqhany ndidid, the 118 AR ade 441a8dd heactive

| ayer 2 of the ganic enent 40, in this exanple, in a |ayered
structure of the {ffjd staRlects oderfel @inthd heorasdriatec d ayeppddatinag iirs, a

portion of the light conponents enmtted by the light emtting layer 42a
propagat es in dihe im-gilane difeetian odtidet nepeatingtredl écororthen a
wavegui del ayer which includes the first electrode 1 and the active |ayer
42. The |ight worponetd sl preapagatamgingiddres ianplanen d r setinosugdmst be
extracted fromthe waveguide layer if an incident angle on a main surface
of the Waveguide Hleyeraveywirdatlayer is great.
When the outcoupling layer 30 is placed adjacent
to the organic EL element 40, a direction of the light
emitted by the light emitting layer 42a can be changed.
Thus, it becomes possible to extract the light
10 components emitted by the light emitting layer 4Za from
the organic EL display 1 with higher efficiency.
As described above, when the outcoupling layer 30
is used, luminous efficiency of the organic EL display
1 can be improved. However, a portion of the light
15 components propagating in the waveguide layer in the
in-plane direction is absorbed by the waveguide layer
itself.
Therefore, in the present embodiment, the organic
EL display 1 is designed as follows. That is, firstly,
20 a guide length x (um) is calculated in accordance with
the following equation (1), in which L is a thickness
(um) of the waveguide layer, and ©i is an incident
angle at which a light component with the highest
intensity emitted by the emitting layer 42a and
25 propagating in the in-plane direction in the waveguide

layer while causing multiple-beam interference is

incident on a main surface of the waveguide layer



When the outcoupling layer 30 is placed adjacent to the organic EL el enent
40, a direction of the light emtted by the light emtting | ayer 42a can be
changed. wWbusoe/izszibecones possible to extract the |ight pconpmwsniseni tted
by the light emtting |layer 42a fromthe organic EL display 1 with higher
efficiency. As described above, when the outcoupling layer 30 is used,

| um nous efficiency of the organic EL display 1 can be inproved. However, a
portion of the |ight conponents propagating in the waveguide |ayer in the
in-plane direction is absorbed by the wavegui de |ayer itself. Therefore, in
the present enbodi nent, the organic EL display 1 is designed as follows.

That is, fi rStf:’é’cir?q g%ﬂ %dte&%g%\ﬁ?iﬁl)e} s3@al %@5%]}% accondegese with

the fol |l owi ng ‘equa is a thickness (nm) of the

wavegui de | ayets ADA Givi b AN 4 NCA doNta 889! gn alcobi@dnge Light eeaponent
with the highest intensity emtted by the emtting |layer 4 2a and

propfagati ng i nfébﬁoszih@é’(ﬁl?a’@icﬁ@c}i Phund h@hd\/&y@g@é deeh@ylerx Whih e Causi ng
mul ti pl e-beaminterference is incident on a main surface of the wavegui de
| ayer faci ng t hen@uis oapddngr 1 ay eco 80t i Seenndar yymal hunbethefwaeséecdEon m
is calculated in accordance with the follow ng equation (2) psing t he gui de
| ength %5 (mm )layer. Thirdly, the organic EL display is designe
such that the number of reflection m, the absorption
coefficient « (pm'l), the guide length x (um), and an
outcoupling efficiency B of the outcoupling layer
satisfy a relationship represented by the following
10 inequality (3), where the outcoupling efficiency B is a
luminous energy ratio of a light component extracted
from the waveguide layer with respect to an incident

light for a single reflection of the light component

with the highest intensity on the main surface of the

15 waveguide layer facing the outcoupling layer 30.

X= = (1)

cos6;
n1=_1(1n100.+1j cee (2)
2\ ox

20

m M-1

> (-p) >01 -+ (3)

M=lexp{oc(2M-—l)x}
The outcoupling efficiency B and the number of
reflection m will be described with reference to
FIGS. 2 and 3.
25 FIG. 2 is a view schematically showing how an
outcoupling layer extracts light from a waveguide

layer, in which the light propagates in an in-plane



and an absorption coefficient a (nmm- ) of the waveguide layer. Thirdly, the
organic EL display is designed such that the nunber of reflection m, the
absor pt i onoofdsazent a (nmmi'" -'-), the guide length x eomip0snci2an

out coupling efficiency b of the outcoupling |ayer satisfy a relationship
represented by the followng inequality (3), where the outcoupling
efficiency b is lum nous energy ratio of a |ight conponent extracted from
the wavegui de | ayer with respect to an ingjdent light for a single
reflection of the |light conmponent with the highest intensity on the main
surface of the wavegui de | ayer facing the outcoupling |ayer 30. The

t I f
out coupl i ng_ef g ¢l ancy, Byand. the, puyber, of s 1fdgciion 8 A de ber depse i bed

with referenc Is a V|eM/schenat|caIIy show ng
how an out couplifngsliayeL. extracts |ight froma waveguide |ayer, in which
the |ight propagates in an in-planedirection while causing multi-beam
interference, to thenatnosphere lajer&iGt2uctartayeredestinsture of the
first electrode 41 and the active layer 42 is defined as a wavegui de |ayer
140. In additierectrodd Gl 2andlthe aoditellayadi¢ates|dghinedtastae hi ghest
intensity propagating in the in-plane direction in the wavegui de
5 waveguide layer 140. In addition, in FIG. 2, Ll and
L1, indicate light with the highest intensity
propagating in the in-plane direction in the waveguide
layer 140 while causing multiple-beam interference, and
L2 indicates the light extracted from the waveguide
10 layer 140 through the outcoupling layer 30 to the
atmosphere when the light L1j is incident on an
interface between the waveguide layer and the
outcoupling layer.
When the light L14 is incident on the interface
15 between the waveguide layer 140 and the outcoupling
layer 30, a portion of the light is extracted from the
waveguide layer 140 to the atmosphere as light L2, and

another portion is reflected as Ll,. The outcoupling

efficiency B is a value calculated from the following

20 equation (4) concerning the light Llj and the light LZ2.
on (w/2,,
£ [ i, 0)ede
= (4)
Iy

In equation (4) above, I indicates a luminous
energy of incident light Ll;j. 1In addition, 1(9,¢)
25 indicates a luminous energy of light components of the
light L2 which travel in a direction defined by a polar

angle 6 and a cone angle o when the polar axis is



| ayer 140 while causing nultiple-beaminterference, and L2 indicates the

| ight extracted fromthe wavegui de | ayer 140 through the outcoupling |ayer
30 to thewetomspbare when the light LIj_ is incident onpremJpmsniase
between the wavegui de | ayer and the outcoupling |ayer. Wien the light LIj

is incident on the interface between the wavegui de | ayer 140 and the B
outcoupling layer 30, a portion of the light is extracted fromthe
wavegui de | ayer 140 to the atnosphere as q4 ght L2, and another portion is
reflected as L Ir . The outcoupling efficiency b is a value calculated from
the follow ng equation (4) concerning the light LIj_ and the light L2 . In

equation (4) ﬁg%%§1%4%i{gﬁ{%ge¥ﬁfhl%%?fg%§_energy of incident light LIj .

I n addition, indicates a m nous energy of |ight conponents of

the light L2 which gfavel ig a ¢iggctéwandei taetybyhawpeyanoanghe g and a
cone angle f when the polar axis isparallel to the filmsurface. FIG 3 is

a view schematjtaht Yp i S $10Ww: ttige lighégpt @pabayes im tihe navegande
| ayer in the in-plane direction while causing nulti-beaminterference. In
FIG 3, Ll ingicatesom vhght conpomgntuiditbedre higheSeremeensi £y of the
I'ight propagating in the in-plane direction while causing nmultiple-beam
interference iRIG. 3, Ll indicates a light component with the hilghest
intensity of the light propagating in the in-plane
direction while causing multiple-beam interference in
the waveguide layer 140.
As shown in FIG. 3, the guide distance x (pm) is a
10 length of a line segment which is parallel to the
traveling direction of the light L1 and extends from
one main surface to the other main surface of the
waveguide layer 140. In the case of ignoring decrease
in luminous energy of the light L1 due to reflection, a
15 luminous energy Ily of the light L1 reflected M times
on the interface between the waveguide layer 140 and
the outcoupling layer 30 can be calculated from the
following equation (5), in which M is a number of
reflection of the light L1 on the interface between the
20 waveguide layer 140 and the outcoupling layer 30, o
(pm‘l) is an absorption coefficient of the waveguide

layer 140 concerning the light L1, and Ig is an initial

luminous energy of the light L1.

To
exp%x(Zhi—l)x}

25 Iy = (5)

A number of reflection m corresponds to the number
M in the equation (5) when the luminous energy Ilpy is

one hundredth of the luminous energy Ig. That is, the



t he wavegui de | ayer 140. As shown in FIG 3 , the guide distance x (m”m) is
a length of a line segnent which is parallel to the traveling direction of
t he |i ghtwbl2eesnds3zazxt ends fromone nmain surface to the othergprmsmiasy f ace of
t he wavegui de | ayer 140. In the case of ignoring decrease in |umnous
energy of the light LI due to reflection, a [um nous energy Ily of the
light LI reflected Mtinmes on the interface between the wavegui de | ayer 140
and the outcoupling |layer 30 can be cal cyukated fromthe foll owi ng equation
(5) , inwhich Mis a nunber of reflection of the light LI on the interface
bet ween t he wavegui de | ayer 140 and the outcoupling layer 30, a (mm) is an

absorption coeffif.entr e diheiryeguide d avers 114QmgRNCcIMing ithe ddght LI,
and | is an initial lum nous energy of the light LI. A nunber of refl ection

m corresponds o0 trke imMbdera Y ipe thkereqit e edh)i ddhamidie Jagmainus ener gy
Il is one hundredth of the |lum nous energy Ig. That is, thenunber o f
reflection m ithea duntcalupgiuimaerl ay<fr r36f luetiilorthen Iturel nontserdracsy betfveen t he
wavegui de | ayer 140 and the outcoupling layer 30 until the | um nous energy
o f the |ight thed liightedrledsediaarcasechiedoad hundradid iafi thihd | umi nous

ener gy. FIG 4 is a graph show ng an exanple o f a
initial luminous energy.

FIG. 4 is a graph showing an example of a
relationship between the absorption coefficient o of
the waveguide layer and the number of reflection m. 1In
the figure, the abscissa indicates the absorption

10 coefficient o, and the ordinate indicates the number of
reflection m.

FIG. 4 shows data in the case where the thickness
L of the waveguide layer is 0.21 um, and an incident
angle ©6; is 60°. As shown in FIG. 4, in the case where

15 the absorption coefficient o is 0.5 um~1, the number of
reflection m is 12.

Based on the foregoing, the luminous energy I2y of
the light L2 extracted from the waveguide layer 140 to
the atmosphere at the time of an M-th reflection of the

20 light L1 on the interface between the waveguide layer
140 and the outcoupling layer 30 can be calculated from

the following equation (6).

M-1
__LoB(-p)
20 = (6)
exp{o(2M ~1)x}
25 Therefore, a total luminous energy %I2y of the

light L2 extracted from the waveguide layer 140 to the

atmosphere when the light L1 is reflected n-times on



rel ati onship between the absorption coefficient a o f the wavegui de | ayer
and the nunber o f reflection m. In the figure, the abscissa indicates the
absor pti onoco&idsxient a, and the ordi nate indicates thecmurbesoo2ie
reflection m. FIG 4 shows data in the case where the thickness L o f the
wavegui de layer i s 0.21 mm, and an incident angle g _ i s 60. A s shown
in FIG 4, in the case where the absorption coefficient ais 0.5 Mm™" -'-
the nunmber o f reflection mi s 12. Basegigon the foregoing, the |um nous
energy 12jyj of the light L 2 extracted fromthe waveguide |ayer 140 t o
t he atnosphere at the tine o f an Mth reflection o f the light L | on the

[ nterface bet wpen the wayeoude doay ehel 48 andLhe Jayicounl nad aver 3 0 can

b e calculate romthe followng equation (6) . Thérefore, a total
| unmi nous ener gy +Slo2iMli g fLatfee lBioghtanl pé exticaatkedd ramnt ktenavegui de | ayer
140 t o the atnosphere when the light L | is reflected n-tines onthe

interface betweendhegwaveguide |@yer 140 and the outcoupling |ayer 30 can
b e calculated fromthe foll ow ng equation (7). Therefore, aratio o f the

total lum nous energy 12jy[ of the Ihght L 2 when the light L | i s
reflected n - tinmesynother r n t he .wavegui de | ayer 140
Lo 1% (2M—1)x s 4

M=1 NIleXp

Therefore, a ratio of the total luminous energy
$I2p of the light L2 when the light L1 is reflected n-
times on the interface between the waveguide layer 140
and the outcoupling layer 30 with respect to the
10 initial luminous energy Ig, i.e., the outcoupling
efficiency, %I2y/Ip can be calculated from the

following equation (8).

)Ml
Ry /g = cee (8)
Z M7t0” l?)leexp 2M—l)}
15 FIG. 5 is a graph showing examples of a

relationship between the nﬁmber of reflection n and the
outcoupling efficiency 5I2y/Ip. In the figure, the
abscissa indicates the number of reflection n, and the
ordinate indicates the outcoupling efficiency EI2y/Ig.

20 In addition, FIG. 5 shows data in the case where the
thickness L of the waveguide layer is 0.21 um, an
incident angle 65 is 60°, an absorption coefficient «
is 0.5 um~1, and outcoupling efficiency B is 0.01,
0.05, 0.1, 0.2, or 0.3.

25 As shown in FIG. 5, a change in the outcoupling
ratio %I2y/Ip in accordance with an increase of the

number of reflection n is slowed down when the number



and the outcoupling layer 30 with respect to the initial |umnous energy
lg, i.e., the outcoupling efficiency, SI2jy[/lo can b e calculated fromthe
fol | owi ngwequawises12(8). FIG 5 i s a graph show ng exanpcesPmosoer23e

rel ationship between the nunber o f reflection n and the outcoupling
efficiency Sl 2jy[/lo. the figure, the abscissa indicates the nunber o f
reflection n, and the ordinate indicates the outcoupling efficiency
SI2]y[/lo- In addition, FIG 5 shows datajtn the case where the thickness L
o f the waveguide layer is 0.21 nm, an incident angle g-j_ is 60, an

absor ption coefficient ai s 0.5 M~ , and outcoupling efficiency b is

0.01, 0.05, 0. %%% 8%}@ n AsSsshewnoi-B, FLGd 3ubs@ashangeyi n the
out coupl i ng ratlo f accordance with an i ncrease o y t he nunber o

f reflection “sh%u%%@dw@l@%tW@eﬂuhb@rnéﬁb@é@&eeeﬁb@cw @’ Abbst5lar nore,
and substantially saturates when the nunber of reflection n is about 12. In

addi tion, as the outrgoupldirg cef,f iaGi eney ochticotiadses e fiffie ieuicyo@pl i ng ratio
SI /1 Qalso increases. In particular, in the case where the outcoupling
efficiency b i$nBr85ses,muhe, outcbhelnugbertdb BERMECDIi @Asw is 5 or nore,
an outcoupling ratio SI2]y[/Io of 10% or nore can be achieved.
increases. In particular, in the case where the
outcoupling efficiency P is 0.05 or more, if the number
of reflection n is 5 or more, an outcoupling ratio
$I2Mq/Ig of 10% or more can be achieved.
As is evident from the foregoing, when the organic
10 EL display 1 is designed so as to meet the relationship
represented by the inequality (3), it becomes possible
to more efficiently extract the light propagating in'
the in-plane direction from the waveguide layer 140.
That is, the light outcoupling efficiency of the
15 organic EL display 1 can be improved.
Although the foregoing description considers only
attenuation of light L1 due to absorption of the
waveguide layer 140, in actuality, the light L1 is
attenuated by being reflected on the interface between
20 the waveguide layer 140 and the second electrode 43.
When attenuation of the light L1 caused by reflection
on this interface is restricted, the outcoupling
efficiency of the organic EL display 1 can be further
improved.
25 FIG. 6 is a sectional view schematically showing

an example of a structure which can be employed for the

organic EL element of the organic EL display shown in



Ds is evident fromthe foregoing, when the organic EL display 1 is designed
so as to neet the relationship represented by the inequality (3), it
becomes pweiww3ile nore efficiently extract the |ight pcopagesbrmgsé n the

i n-plane direction fromthe wavegui de | ayer 140. That is, the |ight

out coupling efficiency of the organic EL display 1 can b e inproved.

Al t hough the foregoing description considers only attenuation of |ight L |
due to absorption of the waveguide |ayer 148, in actuality, the light L |
is attenuated b y being reflected on the interface between the wavegui de

| ayer 140 and the second el ectrode 43. When attenuation of the light L

caused b v reflgegl op onghfh o1 BLEG! 868 L SnhEsLELE! ey chile eyt equpl 1 ng

efficiency of the organic EL display can be further inproved. FIG 6 is a

sectional V'eM/§HBﬁﬂﬁglgabEMe§hewhﬂ91@nO%Xanak@uetu@eswhu@hueanwebch can be
enpl oyed for the organic EL el ement of the organic EL display shown inFI G

1. FG 7is aeﬁﬁ@bg@aafoyle%@s©ﬂgﬁﬁEbCEL|Eléh@ﬂtngfaﬂﬁbheﬁgemaﬁpEﬁ of a
structure which can e enployed for the organic EL elenent o f the organic
EL di splay showiisple&lGshdwn TheFacganic Eheebegentc4BLskdwnmenn ROG 6 and
the organic EL elenent 40 shown in FIG 7 have the same structure except
for the second shown in FIG. 6 and the organic EL element 40 shown in
FIG. 7 have the same structure except for the second
electrode 43 as a cathode.
In each organic EL element 40 of FIGS. 6 and 7,
the first electrode 41 which is an anode includes an
10 ITO layer 4la and an amorphous carbon layer 41lb. The
thickness of the ITO layer 41 is 50 nm, for example,
and the thickness of the amorphous carbon layer 41b is
3 nm, for example.
In the organic EL element 40 of FIGS. 6 and 7, the
15 active layer 42 includes the light emittihg layer 42a,
a TPT layer 42b, a BAlg layer 42c, and an Algz layer
42d. Note that the "TPT" is tetraphenylthiophene, Algj
is an aluminum complex in which three oxines coordinate
with an aluminum atom, and BAlg is obtained by
20 substituting one of quinolate ligands of Algz by
phenolate. For example, tﬁe thickness of the light
emitting layer 42a is 30 nm, and the thickness of the
TPT layer 42b is 90 nm. In addition, for example, the
thickness of the BAlg layer is 10 nm, and the thickness
25 of the Alg3 layer is 40 nm.
In the organic EL element 40 of FIG. 6, the second

electrode 42 which is a cathode includes an ITO layer



el ectrode 43 as a cathode. In each organic EL elenment 40 o f FIGS. 6 and 7
, the first electrode 41 which is an anode includes an I TO | ayer 4la and an
anor phouswoandwazzidayer 41b. The thickness o f the | TO | agenrzibsnsn2sd ran,
for exanple, and the thickness of the anorphous carbon layer 41b is 3 nm
for exanple. In the organic EL element 40 o f FIGS. 6 and 7 , the active

| ayer 42 includes the light emtting |ayer 42a, a TPT |ayer 42b, a BAlI(q

| ayer 42c, and an Al g3 |ayer 42d. Note thatgthe "TPT" is

tetraphenyl t hi ophene, Alg 3 is an alum num conplex in which three oxines
coordinate with an alum num atom and BAIq is obtained by substituting one

o f quinolate lji,gands A phenol at e, Ferrexappleqst he thickness of
the light em tt4i3%d Icti:‘ayceildrgf 4(§ap?€e%0 %?ﬁ %and ?rklle {hi ckggss of the TPT | ayer

42b is 90 nm Ly addid i ohe o4 i EXAEPL o f t PRt hiCokDESSr 048at he BAI gm| ayer is
10 nm and the thickness o f the Alqg 3 layer is 40§%m In the organic EL

el enent 40 of kLG thiclkhessespnehel eghgoteyd? b chsi $0ancat modethacl udes
an | TO | ayer43a, an MyAg |ayer 43b, and an LiF layer 43c. For exanple, the
thi ckness of theilciddsayest 43aei5iB0layert he thimkness of the MyAg |ayer
43b is 10 nm and the thickness of the LiF layer is 1 nm
5 On the other hand, in the organic EL element 40 of
FIG. 7, the second electrode 42 which is a cathode
includes an ITO layer 43a, an Ag layer 43d, an MgAg
layer 43b, and an LiF layer 43c. 1In the organic
element 40 of FIG. 7, for example, the thickness of the
10 ITO layer 43a is 50 nm, the thickness of the Ag layer
43d is 5 nm, the thickness of the MgAg layer 43b is
5 nm, and the thickness of the LiF layer is 1 nm. 1In
this way, the organic EL element 40 of FIG. 7 is
different from the organic element 40 of FIG. 6 in that
15 the Ag layer 43d is added to the second electrode 42
and the MgAg layer 43b is thinner.
An MgAg alloy is excellent as an electron
injection layer. However, the MgAg alloy is
comparatively large in light absorption.
20 In the organic EL element 40 of FIG. 6, if the
MgAg layer 43b is thinner, light absorption by the
second electrode 43 can be reduced. However, if the
MgAg layer 43b is thin, an underlayer below the MgAg
layer 43b is damaged when the ITO layer 43a is formed
25 on the MgAg layer.
In the organic EL element 40 of FIG. 7, the Ag

layer 43d is placed between the MgAg layer 43b and the



On the other hand, in the organic EL elenment 40 of FIG 7 , the second

el ectrode 42 which is a cathode includes an ITO | ayer 43a, an Ag | ayer 43d,
an MyAg Iwpeno#ABbsiizand an Li F | ayer 43c. In the organi cpelrgransot@iof Fl G
7 , for exanple, the thickness of the ITO |layer 43a is 50 nm the thickness
of the Ag layer 43d is 5 nm the thickness of the MJAg | ayer 43b is 5 nm
and the thickness of the LiF layer is 1 nm In this way, the organic EL
element 40 of FIG 7 is different fromthe,@rganic element 40 of FIG 6 in
that the Ag layer 43d is added to the second el ectrode 42 and the MyAg
:ayer 438 is thinner. An MJAg alloy is excellent as an electron injection
ayer. wever h ggﬁg oy 4 Lve ! { bggrption
In the organicTEE gﬁ nenfﬁ%%'ofAiﬂggn%ﬁ%ﬂ%%yt%% kgggglggZ%kgg%O?sé?thner,

| i ght absor ptiggbhy Adhe weaendh &l gghigoder 43. cannbgqsedused. theweyer, if the
MyAg | ayer 43b is thin, an underlayer bel ow the MyAg | ayer 43b is danaged

when the | TO | ayge +4338d Sodforémees obhé hendAgobay€roml beihe dagaged EL
el enent 40 of FIG 7 , the Ag layer 43d is placed between the MyAg | ayer
43b and t hel TOrhayert4B8alTAgLapesndBheisi depoghtedbsofpaétonsaswbenpahed
with the MgAg alloy. In addition, the Ag
5 structure of FIG. 7 is employed, light absorption by
the second electrode 43 can be reduced as compared with
a case in which the structure of FIG. 6 is employed.
Moreover, it becomes possible to prevent the undercoat
from being damaged when the ITO layer 43a is deposited.

10 Such effects can be attained by another method.
For example, in the organic EL element 40 of FIG. 6, an
Ag content in the MgAg layef 43b may be increased. For
example, the Ag content may increased from 7% to 50%.
By doing this, light absorption by the second electrode

15 43 can be reduced.

Note that an amorphous carbon i1s a material whose
light absorption is comparatively large. Therefore, it
is desirable that an amorphous carbon layer 41lb be
thinly formed.

20 In addition, instead of the MgAg layer, for
example, there may be used an organic substance layer
doped with an alkaline metal element and/or an alkaline
earth metal element, for example. For example, a layer
of Algy doped with Cs may be used. In this manner, it

25 becomes possible to ensure transparency of a light-

transmission electrode.

While the above embodiment has described a case of



| ayex 43d prevents the undercoat from being danaged when the I TO | ayer 43a
is deposited. That is, when the structure of FIG 7 is enployed, |ight

absor pt i omolkogidsgsisecond el ectrode 43 can be reduced aspconpzwsdi7esd h a
case in which the structure of FIG 6 is enployed. Mreover, it becones
possi ble to prevent the undercoat from being danaged when the I TO | ayer 43a
is deposited. Such effects can be attained by another nethod. For exanple,
in the organic EL element 40 of FIG 6 , ay Ag content in the MyAg | ayer
43b may be increased. For exanple, the Ag content may increased from7%to
50% By doing this, light absorption by the second el ectrode 43 can be

reduced. Note - r r, i i al se; Lyl or ption
is conparative*?g%éﬁgeeﬂgﬁggggﬁ} , %ﬁgn£§%§E?§%§$%§t%%?Qaﬁlgﬁggghgﬁg cgrbon

llayer 41b be thigly;&ogied ebaraddif ipdy &fl%@@«éﬁ»pé,thﬁel\/gé\gcba eingfor

exanpl e, there may be used an organic substance |ayer doped with an
al kal i ne net al 1 gyereniyapd/ pnaedldkalimne eashh sedal oel enenbrghatcexanpl e.

For exanple, a layer of Al g3 doped with Cs may be used. In this manner, it
beconmes possi bteeenensure transparency of a lighttransm ssion el ectrode.
5 The outcoupling layer may employ another
construction. For example, the outcoupling layer may
employ a diffraction grating structure. The display
may further include a flattening film for flattening
irregularities on a surface of the outcoupling layer.

10 While the above embodiment has described a top
emission structure, a bottom emission structure can be
employed. When a bottom emission structure is
employed, by using Ag as a material of a light-
reflection upper electrode, absorption of light by a

15 layer adjacent to a waveguilde layer can be decreased as
compared with the case where Al is used as the
material.

As has been described above, when the layer
adjacent to the waveguide layer is made of a material

20 having low light absorption, attenuation of light in
the waveguide layer can be suppressed.

In addition, in a display utilizing a reflection
layer, by placing a material whose refractive index is
lower than that of an organic layer or a transparent

25 electrode and whose absorption is low between the
reflection layer and the transparent electrode,

attenuation of light in the waveguide layer can be



VWil e the above enbodi nent has descri bed a case of placing the ontcoupling
| ayer on the back side of the organic EL el enent by way of exanple, the
out coupl iwg 2b@ysB31pay be placed on the front side of thecwngzmse17els el enent
The outcoupling |ayer may enpl oy anot her construction. For exanple, the
outcoupling | ayer may enploy a diffraction grating structure. The display
may further include a flattening filmfor flattening irregularities on a
surface of the outcoupling |ayer. Wile the above enbodi ment has descri bed
a top em ssion structure, a bottom em ssion structure can be enpl oyed. Wen
a bottom em ssion structure is enployed, by using Ag as a material of a
l'ightreflectiog, ggpgg %&ectrode absorption of light by a | ayer adjacent to
a wavegui de | ayer  can be decreased as conpared with the case where Al is
used as the materialnp. aé&leaénbe%}z %@fé@@ﬂnﬁbgvehlw‘ﬂa@sbhafl ayemyadj acent
to the waveguide | ayer is made of a material having |ow |ight absorption,
attenuation ofywltghtatget Aesvayegwrde-dayetctant benslppedssedthen additi on,
in a display utilizing a reflection |ayer, by placing a materi al whose
refractive i ndexgasitoheyethan biatregdlaming ganéclegger wokhalergrspar ent

5 absorption coefficient by a transparent layer
attenuation of light in the waveguide layer can be
suppressed.

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

15 defined by the appended claims and their equivalents.



el ectrode and whose absorption is | ow between the reflection |ayer and the
transparent el ectrode, attenuation of light in the wavegui de | ayer can
besuppr eswedoodia3zaddi ti on, Joy decreasing a thickness ofcaipzsni?sd h | ar ge
absorption coefficient included in the organic |layer or by replacing the

| ayer with | arge absorption coefficent by a transparent |ayer attenuation
of light in the waveguide | ayer can be suppressed. Additional advantages
and nodifications will readily occur to thgse skilled in the art.

Therefore, the invention in its broader aspects is not limted to the
specific details and representative enbodi nents shown and descri bed herein.
Accordingly, various nodifications mayjeamede, wsthout departing fromthe
spirit or scope of the general inventive concept as defined by the appended

claims and their eqyivahgntsgEnkel EM $idp1 An @sganie: Bh: di spl ay
conprising: an organic EL el enment which conprises a first electrode, a
second el ectrode faghngriheiti Est ctbrehtoddidntampacséveal dirsint er posed
between the first and second el ectrodes and including an emtting |ayer;
and an out couptiagttager #&aséogntheléctsode dxtaiode,the first
5 electrode, and an active layer interposed between the
first and second electrodes and including an emitting
layer; and
an outcoupling layer facing the first electrode,
wherein the organic EL element forms a waveguide

10 layer which includes the first electrode and the active
layer and in which light components from the emitting
layer propagate in an in-plane direction parallel to a
main surface of the waveguide layer while causing
multiple-beam interference,

15 wherein a distance between the outcoupling layer
and the waveguide layer is shorter than a wavelength of
light from the organic EL element, and

wherein a guide length x in pm calculated by using
a following equation (1), a number of reflection m

20 calculated by using a following equation (2), an
absorption coefficient o in um~1 of the waveguide
layer, and an outcoupling efficiency P of the
outcoupling layer satisfy a relationship represented by
a following inequality (3), where L is a thickness in

25 um of the waveguide layer, ©3 is an incident angle at

which a light component with the highest intensity

emitted by the emitting layer and propagating in the



wherein the organic EL el enent fornms a wavegui de | ayer which includes the
first electrode and the active layer and in which |ight conponents fromthe
em tti ng weyeds/@sxapagate in an in-plane direction paral lpelrypmosionmasan
surface of the wavegui de | ayer while causing nultiple-beaminterference,
wherein a di stance between the outcoupling |ayer and the wavegui de | ayer is
shorter than a wavel ength of light fromthe organic EL el enent, and wherein
a guide length x in mmcal cul ated by using a follow ng equation (1), a
nunber of reflection mcalculated by using a follow ng equation (2), an
absorption coefficient a in mt 1 of the waveguide layer, and an

out coupl i ng ef{ﬁC#f%lﬁg & oL L 16n ot coy 'wﬁe&ﬁﬁ%re sat et Vi 18] 8hhonagi p

represented by a l'owi ng inequality (3) where L isa thickness in nm of
the wavegui de h@Velp1&-hedt BRcbPELHEALe aNg! Erdli ddhitCho@ 4 i ghin conponent

wit Ih the highest |nten5|ty emtted by the emtting |ayer and propagating
in thein-planesgifgeti ®n the thgvaguegy Ueyéayfacihid eclcausingouplingl e- beam
interference is incident on a main surface of the wavegui de | ayer facing

t he out coupl i nayaygerandnidh¢ heuoobeplphgngt f HicrencyB bl $ sa al hmhhaoas
energy ratio of a light conmponent extracted fromthe waveguide |ayer with
respect o an émerdentatigheffarlaght component extracte from the

waveguide layer with respect to an incident light for a
single reflection of the light component with the
highest intensity on the main surface of the waveguide

layer facing the outcoupling layer.

10
X:colsdei <
m=%(lnoig°+1j e (2)
15 i ( D™ o1 - (3
| o expla(2M - 1)x}

2. The display according to claim 1, wherein the
outcoupling efficiency p is 0.05 or more.

3. The display according to claim 1, wherein the
number of reflection m is 5 or more.

20 4. The display according to claim 1, wherein the
number of reflection m 1s 12 or less.

5. The display according to claim 1, wherein the
display is a top emission display, and wherein the
outcoupling layer is disposed on a back side of the

25 organic EL element.
6. The display according to claim 1, wherein the

display is a top emission display, and wherein the



single reflection of the |ight conmponent with the highest intensity on the
mai n surface of the wavegui de | ayer facing the outcoupling layer. X = cos
g} 2 . Theodvesisasrzaccording to claim1 , wherein the owttaeplosng236
efficiency bis 0.0 5 or nore. 3 . The display according to claim1
wherein the nunber of reflection mis 5 or nore. 4 . The display according
toclaim1 , wherein the nunber of reflection mis 12 or less. 5 . The

di splay according to claiml , wherein thegsdisplay is a top em ssion

di spl ay, and wherein the outcoupling |layer is disposed o n a back side of
the organic EL elenent. 6 . The display according to claim1 , wherein the

display is a t?@t@%é?%ﬂa ggﬁgkays andowhenebn theout,coupl bagokayge is
di sposed on a front e’ o e organic EL elenent. 7 . The display
according t o gl@ime EﬂEé@éﬂehhe second el ectrode conprises a conductive
oxi de layer, an alloy |layer which is interposed between the conductive

oxi de layer and the7actirve bayeney asdoadimgald ayesimhbghwherkethetpesed
bet ween the conductive oxide |ayer and the alloy layer and is smallLer in
absor pt ance t haacond electrode comprises a conductive oxide layer, an
5 alloy layer which is interposed between the conductive
oxide layer and the active layer, and a metal layer
which is interposed between the conductive oxide layer
and the alloy layer and is smaller in absorptance than
the alloy layer.

10 8. The display according to claim 6, wherein the
second electrode comprises a conductive oxide layer, an
alloy layer which is interposed between the conductive
oxide layer and the active layer, and a metal layer
which is interposed between the conductive oxide layer

15 and the alloy layer and is smaller in absorptance than
the alloy layer.

9. The display according to claim 5, wherein the
second electrode comprises a conductive oxide layer,
and wherein the active layer further includes an

20 organic layer which is interposed between the emitting
layer and the conductive oxide layer and is doped with
alkali metal element and/or alkaline-earth metal
element.

10. The display according to claim 6, wherein the

25 second electrode comprises a conductive oxide layer,
and wherein the active layer fuxrther includes an

organic layer which is interposed between the emitting



the alloy layer. 8 . The display accordingt o claim6 , wherein the second
el ectrode conprises a conductive oxide layer, an alloy |ayer which is

i nt er posastohedssss2t he conductive oxi de | ayer and the aetiruedosyern3es and a
metal layer which is interposed between the conductive oxide |layer and the
alloy layer and is smaller in absorptance than the alloy layer. 9 . The

di splay according t o claim5 , wherein the second el ectrode conprises a
conductive oxide layer, and wherein the agive |ayer further includes an
organi c |l ayer which is interposed between the emtting |layer and the
conductive oxide layer and is doped with alkali netal elenent and/or

al kal i ne- ear t iy fipt al .6k &R0t cond et The gkl aYa pee0sdind J i b
wherein the second é?ectrode conprises a conductive oxide |ayer, and
wherein the aciiyg !l ayerafusibgsnt nghades ankeol gastealrayemattilh is

i nt erposed between the emttinglayer and the conductive oxide |ayer and is
doped with al kalémertal el enment and/or al kaline-earth netal el enent



