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1DESCRI P T I O N OPTI CAL DEVI CE AND ORGANIC EL
D e e P oneorgsent rvertion - UAIAAAR
(el ectrolum nescent) display. Background Art Since *159159*

organi ¢ EL displays are of self-emssion 10 type,
they have a wi de view ng angle and a high response

gh 1
heretore. 1ow prori 1 ana 11 ont. vei ghe are. passi or INVIUAUNAN
atiracting aitontion @ B gisghy %l oh 016 replaces o

the liquid crystal display. An organic EL el enent,
which is the main part of the organic EL displays,

nel ud Y O
: |n;h;J ?Zf Iaeclt %Tfoc;ﬁfn%ﬁh%fd#%?né:nt %ﬁg@géa%%%%ﬁg ode

facing the front electrode, 20 and an organic | ayer
i nterposed between the el ectrodes and containing a

light emtting |ayer. TheruainiL Bieglenent is a
charge-injection type light emtting elenent which

em ts |igitheMparn sshtelietidgnta GuUrdeiite s Vet Wpgighal device
the organic layer. 25 In order to display an i nage on

an osgahi esEln dirgpndy, Elt (ed eptcedsariyetsitantl)i ghitsplay.
emtted fromits emtting | ayer be output fromthe

front el ectrode. Background Art

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

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

In order to display an image on an organic EL
display, it is necessary that light emitted from its

emitting layer be output from the front electrode.
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2 However, of the light travels toward the front side

in the elenment, the portion which travels in a

wi de-angle direction is totally reflected on the

interface of the front electrode. For this reason, a

great portion of 5 the light emtted by the organic

| ayer cannot go out of the organic EL elenent. As

illustrated with the organic EL display, displays in

whi ch each pixel has a light emtting elenent entai
awback in which .the outco 10 efficjency of

h li . |
Lhe P0G Shri (4 Rl SR ety it LAY Side in
addi ttih%nzelie%e%%hi \{1engJ t e rgﬁﬁ{g i navveriti an, t he,

0] tha q I

[
trave d wide-angle
present inventors hav un he um nous gl

o111 eiene iofy SUoh APl @eah sd HLUSIORS By oo

not only the outcoupling efficiency o

em t g telea@trodalt &30 ttiherr RGN & g AdSCIASM fon of
of Invention It is an object of the present invention

to ither adsgtt kenitwEN s Wfd icHLRE)E Qfag@'\: At go out of
device such as an organic EL display. 20 According to

a firtse aspactiofElf kd goredent i nvention, there is

provi ded an optical device conprising a first

wavegui de Asayidrl ust ngtiech wiilh ifgle-otypamd rklerd es @i,

occurs, a second waveguide layer which conprises a

back ddgPflays fidciwhg abheadh qixes \eseguildeshtayestl taniha

front _surface as aa |ight output surface, and a

di ff PACHRST GPafitdy tAF AF 3@tk pasethich oK el ing

of 1 re]:% é%%%%%yV\%\%e%%iedﬁ ilcgf’%%:e remalnc% ifnagC eeSJ. etmheent is not
sufficient. 1In addition, in achieving the present
invention, the present inventors have found that the
luminous efficiency of such a display is greatly
influenced by not only the outcoupling efficiency of
the light emitting element, but also other factors.

Disclosure of Invention

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

According to a first aspect of the present
invention, there is provided an optical device
comprising a first waveguide layer in which multiple-
beam interference occurs, a second waveguide layer
which comprises a back surface facing the first
waveguide layer and a front surface as a light output
surface, and a diffraction grating which is disposed on

a back side of the second waveguide layer and faces the
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U 3 first wavegui de |ayer, wherein a grating constant

of the diffraction grating is defined such that a

first- order diffracted |light emerges fromthe second
wavegui de | ayer, the first-order diffracted |ight

being 5 generated when a |ight conponent having a

hi ghest intensity of |ight which propagates in an
in-plane direction while causing rmultiple reflection

in the first waveguide |ayer enters the diffraction
grating. ,According tq a second aspect of .the present

101 ROERE BAONARE 1 STay T S Gp (et Qs tant of
CONPLL S| i ght-emnj tti. | e . wWhi ¢ 0 i.ses a _
fron%hélg%??ggégnéwbg%fﬁ€1 cﬁfbggﬂié%g%gl¥%éq$%ﬂhta first

el ecrode. qand & AL 9~ \Wond Ay éﬂ&@{}ga%;%ctlbg{awen

the front el ectrode and the back electro

i ncl wdivRguadiee Malidr)d thhay i r st 1d il tigtslddddd ight being
i nsul ating | ayer "'which conprises a back surface facing

the Genelraelkechete aand gatf @MpondftacRdEna d itghihest
out put surface, and a diffraction grating which is. :

di spaseencity ldck igihde whfi dhhe riopsugaatadsng.rl ayrerirangl &0
faces the light-emtting el enent, wherein a grating
constamecsfi onhehdilfef castsiioy grattiingd & sedefeataicdrsuigh the
that a first-order diffracted light energes fromthe

i nsuffatisigWeageiidend afviersendeder thief [diddirasiligghtgrating.
bei ng generated when a |ight conmponent having a

hi ghest 2BGGAEEHEIT O ISEARNAMATIRG S BnithePFeHRE

the light- emtting element an ropagat.es i n_an,
in-pﬁg gntion, thé%e is pro&i&%éjaéjo tical device

comprising a light-emitting element which comprises a
front electrode, a back electrode facing the front
electrode, and a photo-active layer interposed between
the front electrode and the back electrode and
including an emitting layer, a light transmitting
insulating layer which comprises a back surface facing
the front electrode and a front surface as a light
output surface, and a diffraction grating which is
disposed on a back side of the insulating layer and
faces the light-emitting element, wherein a grating
constant of the diffraction grating is defined such
that a first-order diffracted light emerges from the
insulating layer, the first-order diffracted light
being generated when a light component having a highest
intensity of light which is emitted from the light-
emitting element and propagates in an in-plane

direction while causing multiple reflection on the back
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direction while causing nmultiple reflection on the
back 4 side of the insulating |ayer enters the
diffraction grating. According to a third aspect of
the present invention, there is provided an organic
EL display 5 conprising an organic EL el enent which
conprises a front el ectrode, a back el ectrode facing
the front electrode, and an organic | ayer interposed
between the front electrode and the back el ectrode
and including.,a .light-emtting |ayer, a_light :
CranSHEe: Pho RS dPatiAG L0 1Ayer Bhtes fhF M SraRRden
surfgggtgﬂ%ing the front electrode and a front

surfdce as”a |ight output surface, and a diffraction

grating wmc%%f'ﬁn?n?r%g%ec&hqr}d %%}g@;ﬂﬁ%@gh@ dfent

i nsul ating |ayer aces the L el'enent,

wher ghRedtdbal, i Reeg@NS ARk of delde ahd odighhiaCHIO i spla
grating is defined such that a first-order diffracte

| i ghtoaprigas gl BaMorianiiks BilakilRgenty &hicdhh@&omprises a
first-order diffracted |ight being generated when a

| i ghtf roatrpeient: rioaei, ng &alkikgledslc tinoden Siatcyl nof thieghtront
which is emtted fromthe organic EL el enment and 20

pr op&gacésode  arndnapl argadilcedeiyer hitlee posegsi igtween the
multiple reflection on the back side of the insulatin

| ayef renterd eche odief pnsc then bgct iedgctaedsr @ingy itnglading a

fourﬁh g%gect o& th? prisegt iinven&ipn,ithereif%sulatin

pr ovi-d88 LaATGHEES LaEFire e 2258 10 p AR L& NG ¢ 9

1VERULAE LRIED Y, K B B PR S rone
electrode and a front surface as a light output
surface, and a diffraction grating which is disposed on
a back side of the insulating layer and faces the
organic EL element, wherein a grating constant of the
diffraction grating is defined such that a first-order
diffracted light emerges from the insulating layer, the.
first-order diffracted light being generated when a
light component having a highest intensity of light
which is emitted from the organic EL element and
propagates in an in-plane direction while causing
multiple reflection on ﬁhe back side of the insulating
layer enters the diffraction grating.

According to a fourth aspect of the present

invention, there is provided an optical device
comprising a first waveguide layer in which light

propagates, a second waveguide layer which includes a

back surface facing the first waveguide layer and a
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back surface facing the first wavegui de | ayer and a 5
front surface as a light output surface, and a
diffraction grating which is disposed on the back side
of the second wavegui de | ayer and faces the first
wavegui de | ayer, wherein a grating constant of the 5
diffraction grating is defined ch that total
reflection of |ight which energes fromthe first
wavegui de | ayer and enters the second wavegui de | ayer

the front surf f.th d i de | i
Suppr 69850 UTOTBP 8F Bedd it SORPHE BihGs FFE A1 i

1 ' I ' [ [l howi .
a pa&&g?Eﬁéggégfgsatghgrgﬁﬁg%n%gl%%s sed QY @9@92%%ﬁk side

or gani acc ing tothe first ~enbo

of the EBESg@EQBHV@QBEg%ﬁd%gg?K%ri%n@.Q%%%@ HQWMANG s+

the rel ationship betwe e grating constant of a

di ffwaeb'ggmdg_r abivee, anfetRen angrd@nhARYr@tefht of the
first-order diffracted light on'the interface between

the ttafspacenh subhstnat @ sadefihed exicer itbat Witedl i s
obtai ned for the organic EL display shown in FIG 1

20 Fr&flaciksca grfaphgshowhight keeregleat ifarshithebetivween

the grating constant of the diffraction grating and

t he vaegtgustevéayaderndf enfferisarhratsecond wWeveayame: layer
layer and front electrode, which is obtained for the
or gafPctheL £yPspl a1 r§R6Gn oifn theGsegongs wavggud des layer is
graph showi ng an exanple of the relationship between

t he ﬁPBPFﬁ@Sanstant of the

Brief Description of Drawings

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

FIG. 2 is a graph showing the relationship between
the grating constant of a diffraction grating and the
incident angle of first-order diffracted light on the
interface between the transparent substrate and the
exterior, which is obtained for the organic EL display
shown in FIG. 1;

FIG. 3 is a graph showing the relationship between
the grating constant of the diffraction grating and the
refractive index of the laminate of the organic layer
and front electrode, which is obtained for the organic
EL display shown in FIG. 1;

FIG. 4 is a graph showing an example of the
relationship between the grating constant of the

diffraction grating and the wavelength of light emitted
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diffraction grating and the wavel ength of [ight
emtted 6 froman organic EL el enent, which is
obtained for the organic EL display shown in FIG 1
FIG 5 is a graph showi ng anot her exanple of the

rel ati onship between the grating constant of the 5
diffraction grating and the mav%gength of |ight
emtted fromthe organic EL el enent, which is
obtained for the organic EL display showmn in FIG 1

FI G [ h .shaowi diti, t, t _t.h '

i dERTT ARgies AR Pt Saer Y YRR i e e (R the
10 i f bstr at dth

oxt oP PO LG BT Brar Y ST M onar viow

schemati c Wi A Latd '
EL di spl a?ﬂ%omsqu% r?n%%ﬁgfgkgdgqﬁdG%ﬁhség%sﬁn%?%na £ the

Vi ewrsgherahis¢al %e%%‘@nn&heag_r%rtg%@' G oEls tAntPlAY the
according to the second enbodi ment "of the present

i nvedtiifdracklicn Yriatiagsend emdl waveWeseftemaif Qaldhit emitted
showing a nodification of the organic EL display

showfiriom Eh€& o%gani@ &AdeHle@ent() whiamhsdet ictalinddvior the
schematically showi ng an exanple of a nethod of

f or nPagaaigi £ir désicday ghatinngn Bd&. NMude for Carrying

Qut the Invention 25 Enbodi nents of the present

i nvent i on BG4+ e Sdés Grhandd eI dnix wqr\éfletrmetq cset the

the ?%%gg%%@yg%%le of first-order diffracted light on the
interface between the transparent substrate and the
exterior to 0°;

FIG. 7 is a partial sectional view schematically
showing a modification of the organic EL display shown
in FIG. 1;

FIG. 8 is a sectional view schematically showing
an organic EL display according to the second
embodiment of the present invention;

| FIG. 9 is a sectional view schematically showing a
modification of the organic EL display shown in FIG. 8;
and

FIG. 10 is a sectional view schematically showing
an example of a method of forming a diffraction
grating.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be
described below with reference to the accompanying

drawings. The same reference numerals denote elements
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draw ngs. The sane reference nuneral s denote el enents

7 having the sanme or simlar functions throughout the
drawi ngs, and a repetitive description thereof will be
omtted. FIG 1 is a partial sectional view

schematically 5 show ng an optical device according

to the first enbodinent of the ?resent i nventi on.

FIG 1 illustrates a self-em ssion display and, nore
specifically, an organic EL display 1 as an exanple of

the ogpti.cal device. Referring to FIG, 1, the displa

10 s?}n%fvéél@, ‘Hﬁ‘.ee.s,a“i%é’rr RO S O S0 & Qi QU e the
di spl is directed do rd nd t.he .back surface ,

s SRR i & R o g SRR ke i1l pe
bot t e Ssion type organic EL display which enpl oys

an a%??%g%ﬁgtrix dri've 15 nethod. The organic EL

di splay 1pmel udess & tgAnsRAr el cSubsdr ah?ew’loséw&h%@fcauy
a glass substrate as "an insulating layer wth [1ght

t r ansoSEingN apy epAYildal dovildee ddatsid o SRSt at s

10, pixels are arranged in a matrix form Each pixe

i ncl edbsdiment 20 ehampresent dlrarerttigont rrkAG.CiT cuit

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

el emadfl usQ rafisiscla aved £ -covirsedtced dirssleni esidhetmesn a

pair of power source termnals, and a pixel swtch

( not SPREWMELCcatle ,cemt glgantiar Minalisflahd elsermmtexample of
control circuit is connected to 25 a video signal |ine
(not E8RoMFL 1Ficd Fe isiecel ReGaaHng e EHiGenent Wentdigiplay

circuit 20 outputs a, current, which ,
surface, 1Pe., the front surface of the organic EL

display 1 is directed downward, and the back surface is
directed upward.

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

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

has a magnitude corresponding to a video signal
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has a magni tude corresponding to a video signal 8
supplied fromthe video signal line, through the
output switch 20 to the organic EL el ement 40. The
control termnal of the pixel switch is connected to

a scan signal line (not shown), and the OV COFF
operation 5 thereof is controllag in accordance with a
scan signal supplied fromthe scan signal |ine. Note

that ot her structures can be enployed for the pixels.
t he s bstr te 1 n underc at | aye 12, f.or

exanﬁPg &ﬁds gygrvaﬁ Car 1§ &f@¥ e R iy output

10 i rd S u § su as. a

polyglﬁlcon%Pa%ertﬁﬁ %ﬁb%%ﬂ% %h %% §bﬁ$£e anftﬁ%ﬁtrOl

are forpBdg1a Fake %Elzkle@t Qhyitd W*t' C*a ﬁ*t%d‘ ¥ded scan

with use of, for exa , TEOS tetraet

Orthgibhbqaﬂﬁhe andta sadve ) el aeld ede Bﬁﬂ@?ﬁedgergﬂyon

15 exanple, MOW are arranged in this order on
undetheaboanercb&tr@ﬂdeﬁh&&eab@ﬂ@d&dB@WWﬁtH‘33iﬁﬁﬁf51gnal
type thin filmtransistor (referred to as a TFT

her eepnpbfleef. flront the examplségniafie 1THES aNetuseathas other
TFTs of the pixel switch, output switch 20 and el enent

20 céhrpeltugescygen. bRuempdoyesn fiolre tyat ¢ lixesid.at or 14,

scan S|gnal Ilne not shown) which can be forned in

the sane trpdge tife gdt @reluddarsatislarer 12, for
arranged An |nterlay% insulating film17 made of,

for g§m8}3m98 SeNex Lafedh and @8pSdilxed AeTa agﬂeasari‘aranged
CvD ne%gls OE earra%g%%mggo% € %atellnsul tor and
gate or ayer suc 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 (tetraethyel
orthosilicate), and a gate electrode 15 made of, for
example, MoW, aré arranged in this order on the
undercoat layer 12, and these layers form a top gate-
type thin film transistor (referred to as a TFT
hereinafter). In this example, the TFTs are used as
TFTs of the pixel switch, output switch 20 and element
control circuit. Further, on the gate insulator 14,
scan signal lines (not shown) which can be formed in
the same step as that for the gate electrode 15 are
arranged.

An interlayer insulating film 17 made of, for
example, SiOyx which is deposited by a plasma CVD
method, is arrangéd on the gate insulator 14 and gate

electrode 15. Source and drain electrodes 21 are
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el ectrode 15. Source and drain electrodes 21 are 9
arranged on the interlayer insulating film17, and
they are buried in a passivation film 18 made of, for
exanpl e, SiNx. The source and drain el ectrodes 21 have
a three-layer structure of, for exanple, M/ A /M, and
S electrically connected to theﬁéource and drain of
the TFT via a contact hole formed in the interl ayer
insulating film217. Further, on the interlayer

e e 2ahe fg' Fh e (e IR TS Aol o erey
R N ] SR S S AL e .

di f f Fact ron gra assivation

f'lnéé Egr q ”pleTh%hgng%%r%%B'g@algr%ﬁeggr%%e@a§l have

a prede rnlne Pattern of recessed portions on

surf gcenerethg yhirr st YYRVEGUI B8, | 3YeT 'eSak l%'dﬁo/%lQMo, and
the surface in"contact with thé organic EL el enent

40. kneaddithony tbendickbHaebi @negalirde 30d SraTRI®f the
of a material having an optical property different

fronTrmaviaf at kentiacst hovaeeduoirced ayertheAdnakegariyer
insulating material such as a resist or polyimde can

20 béngvédtfiog fhémdilfif.r aduirdhegr atinnghd0 inTlee Lpatetrer n
to be fornmed on the surface of the diffraction
gratﬂﬁﬁuéétléﬁnfﬁéﬁiéﬂslylﬁéodééggﬁédlﬂ@ese (ot ghown)
strlﬁe or %rld sha e. Alternatively,

di f f FREEPoR28r REi @rg@d ign thes SREE § §epa§alér thati fgr the

through hol es or reces ed, 25 porélons may be used. For

exanp ErCthnglngéBt ﬁCt§P fng 136 e AeeEde a

first porﬁl if ?%aCQQO%e%%%%lng 30 is formed on the
passivation film 18. For example, the diffraction
grating 30 has a predetermined pattefn of recessed
portions on its surface on the first waveguide layer's
side, i.e., the surface in contact with the organic EL
element 40. 1In addition, the diffraction grating 30 is
made of a material having an optical property different
from that of the first waveguide layer. An organic
insulating material such as a resist or polyimide can
be used for the diffraction grating 30. The pattern to
be formed on the surface of the diffraétion grating 30
can variously be designed to, e.g., a stripe or grid
shape. Alternatively, as the diffraction grating 30,
an insulating layer having through holes or recessed
portions may be used. For example, the diffraction
grating 30 may include a first portion having recessed

portions or through holes and a second portion which
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portions or through holes and a second portion which

10 buries the recessed portions or through hol es of

the first portion and has an optical property

different fromthat of the first portion. A through
hol e which conmunicates with the drain el ectrode 21

is formed in 5 the passivation bln118 and diffraction
grating 30. Front electrodes 41°with a |ight

transm ssion property are juxtaposed on the
diffraction_grating 30 . while bein aced. apart fr

one gﬁg%ﬁerFanr?ﬁggsegxgﬁﬁFg?thggfEgﬁpugpegpgggedﬁrthe
serv 0de d [ f r
condist PP orraafcafRingd R BRETeAY BrbhRRT g prent
frOnE6heehERdE rALnbs £1eb@CLEIEaLRY CANRAGLEIN BRE which

drain electrode 21 via the tﬁrough hole formed I n

passeyphibanchibd W8tandneduthiackiertdbakl 2d 3@ fBrmdd in
partition insulating layer 50 is also fornmed on the

di ffthet passgrating 2Q1mAlBhaadghidiracitd ohograd inign 30.

the partition insulating |ayer 50 at a position

correspon@rpgtt elekde rbdest 46l edtthocde 140h tTHe apeantii s iom

insulating layer 50 is, e.g., an organic insulating 20

| ayePranéirézdnabe foriegobgdusnnghehdidificelssgraplgyratdng 30

the portion of the front electrode 41 which is ,

expo¥BYlEoPERBI| ABRARIORPRRE ERPBUGRChENOLHE-he IN this

partition_insulating |ayer 50,.an qgrganic |ayer 42

whi cR*PRELEdeS s EFGRE SﬁPFFFRGeIége%eifési§saﬁpaﬁﬁﬁﬂe and

25 The light-emtting |layer 42a is, .e.qg., a thin film

Cont XF i RGCaCT URi HEBERE FoPGar BoREBIan AR o £
indium tin oxide (ITO). The front electrode 41 is
electrically connected to the drain electrode 21 via
the through hole formed in the passivation film 18 and
diffraction grating 30.

A partition insulating layer 50 is also formed on
the diffraction grating 30. A through hole is formed
in the partition insulating layer 50 at a position
corresponding to the front electrode 41. The partition
insulating layer 50 is, e.g., an organic insulating
layer and can be formed by using photolithography.

On the portion of the front electrode 41 which is
exposed to the inside of the through hole of the
partition insulating layer 50, an organic layer 42
which includes a light emittiﬁg layer 42a is arranged.
The light-emitting layer 42a is, e.g., a thin film

containing a luminescent organic compound which emits

red, green, or blue light. The organic layer 42 can
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red, green, or blue light. The organic |ayer 42 can 11
al so include a |l ayer other than the light-emtting

| ayer 42a. For exanple, the organic |ayer 42 can al so
include a buffer |ayer 42b which serves to nediate
hole injection fromthe front electrode 41 to the
light 5 emtting |ayer 42a. The_grganic |ayer 42 can
also include a hole transporting | ayer, hol e bl ocki ng
| ayer, electron transporting |ayer, and eIectron

oneiaeil o ey <P Bl ecios
t | at | 42
IIoftlrt It%ltaé’%gxIan‘pueaEl %rﬁ eé:t roé)erg %s;m da aé/Ztrth §n also
cont i5RUAYSley o Qﬁ%ﬁ%f q] S%rc whtl%haléerv%sxeéos meTAE.eate hole
is eléectr

back el ectrode connect ed,

cont 3¢l eli@r( rf(itonﬁ&@t\@ﬁ)frfo?ft”%q.é&xtopfe <] CBJ fﬂ'}'ﬂ—:ctll%t—

grating 30 and partition insulating layer 50, to an

el eceade iindt aaGRINachE,on They a1 d tlemz | Bera Bso
that the video. signal line is formed on. Each

or gaiine lbldeelaetilte 4Qanzglotddsd e idrgnthaleedrade i, layer,
organic layer 42, and back el ectrode 43. 20 Nornally,

t he edgatironElt rdinsploan: ihgsHawreni,n afldGe 1k ctfumt histjection

i ncl udes a sealing substrate (not shown) facing the

back lélecvr 64€ .43 and a seal |ayer (not shown)

arranged al ong the perlpher of the surface of the

seal i ng stb é%%“ﬁé&kL%QQﬁTRﬁﬁiﬁﬁﬁlQNt?ﬁoperty

25 this structure an enclosed space i.s fornmed between

the BECRTEPBGEFOGE DS RAd tiifte 0% Aisd ahimnG e 1l @nd

organic layer 42. 1In this example, the back electrode
43 is a cathode continuously formed to be common to all
pixels. The back electrode 43 is electrically
connected, via a contact hole (not shown) formed in the
diffraction grating 30 and partition insulating layer
50, to an electrode interconnection formed on the same
layer as that the video signal line is formed on. Each
organic EL element 40 includes the front electrode 41,
organic layer 42, and back electrode 43.

Normally, the organic EL display 1 shown in FIG. 1
further includes a sealing substrate (not shown) facing
the back electrode 43 and a seal layer (not shown)
arranged along the periphery of the surface of the
sealing substrate which faces back electrode 43. With
this structure, an enclosed space is formed between the
back electrode 43 and the sealing substrate. This

space can be filled with, e.g., a rare gas such as Ar
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space can be filled wth, e.g., a rare gas such as Ar
12 gas or an inert gas such as N2 gas. The organic EL
display 1 further includes a light scattering |ayer

60 outside the transparent substrate 10, i.e., on the
front side. A polarizer may be 5 arranged between the
transparent substrate 10 and th Iight scattering

| ayer 60. A neutral-density (ND 2 filter may be
arranged on the light scattering |ayer 60. The present
i nvent.ars faound thettf?%ﬁllovm ng facts as 10 a result of

ext.eﬁgisvgrrgéle&lnceﬁ sncsrué:&séaﬁ & [ nous .
ef ficiencyof the aroani ¢; 12432&' gfyyurt & T UMMNOUS. 4 1ignt

efficiency of the organic epends ‘on not
onl y sthe teulieQUAlRG & ikiteNcle ¥hd NG ardditertMdddNGate
el ement but al'so other factors. Mre 15 specifically,
eveniohen . li.ghtonc ameeffrcitentilde .be WA i AdomdN e
organic EL el ement, the lum nous efficiency of the

or ganircabbedi dpltayetanmet thensfafriegitetupstdiate 1NlEES the
the light can be output fromthe light transmtting

i nsullagihiig skcayére rdmmaigee ro 0t.he A mentt x2Q ~sdethes itiyt h(ND)
respect to the organic EL element. In other words, to
suf f fdl&Rrt] Pavnbeeagaaniged i dws ldfghtcismadytesing he
organi c EL display, total reflection of |ight, which

has eéAY&re@Cthe |ight transnitting insulating |ayer,

by the interface between the light transmittin
i %sul at i ngf Cayde Sat e &% é?o‘{l’t%/dﬁl'l?alﬁ%l%

rﬁggﬁtg%fah%l%%t%&t%%s%%%p&%%%g%cﬂﬂ%g fﬁ%régsés%he luminous

efficiency of the organic EL display.

25
%gg facts as

The luminous efficiency of the organic EL display
depends on not only the outcoupling efficiency of the
light-emitting element but also other factors. More
specifically, even when light can efficiently be output
from the organic EL element, the luminous efficiency of
the organic EL display cannot be sufficiently high
unless the light can be output from the light
transmitting insulating layer arranged on the front
side with respect to the organic EL element. 1In other
words, to sufficiently increase the luminous efficiency
of the organic EL display, total reflection of light,
which has entered the light transmitting insulating
layer, by the interface befween the light transmitting
insulating layer and the exterior (typically, air) must
sufficiently be suppressed. That is, it is important

to suppress total reflection of light, which has
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to suppress total reflection of Iight, which has i 13
entered fromthe first wavegui de layer (in this case,
the lam nate of the front el ectrode 41 and organic

| ayer 42) to the second wavegui de layer (in this case,
the light transmtting insulating | ayer such as the 5
substrate 10), by the |ight out put surface of the
second wavegui de | ayer. According to exam nations by
the present inventors, to sufficiently suppress

S e S AR 0 e e,
i nt et { ' ) 11 d ' tj ;
| ayer Snd T RE Tt 611 o Fren Y [N U P s

I'i ghty atfeangiyt td g HN S AN fadusty, ij.r?r\:his case,
angle wthin the critical angle etween ‘the 11 ght

transiet kgt RS it iy 8m and digy 1% e efj i Bt he
a very high directivity. Mre specifically, the

di r esubeitinp tef 10)ghtoymiste N6 gt dutpeasad-fdwd dheche

light scattering |ayer nust be used to inplenent a

suf f iseicomd wiaswaariglee lalence, to sufficiently

increase the directivity of |ight which 20 should

ent er t he Adcgridingaismiaramiga tisul st ng Heymre ggnt

usi ng the diffractionfgratin , the grating constant _

nust 1PESEECTFer v+ Os pRiEIL 1 lieing lvh SurRre s gitadninafirption of

| aye .og the grganic EL elepent enits |light in al

di 1 Ciis. VG ortie STEEE L e dridhiin AR S E g

necei%%ﬁ&a&%n%rﬁ%@%%,agf %%% interface between the light
transmitting insulating layer and the exterior, the
light which enters the light transmitting insulating
layer must.have an angle within the critical angle
between the light transmitting insulating layer and the
exXterior and a very high directivity. More
specifically, the directivity of light must be so
increased that the light scattering layer must be used
to implement a sufficient view angle. Hence, to
sufficiently increase the directivity of light which
should enter the light transmitting insulating layer by
using the diffraction grating, the grating constant
must be set very small.

Note that the light-emitting layer of the organic

EL element emits light in all directions. Therefore,
it is originally not necessary to arrange a light

scattering layer to achieve a wide viewing angle in

organic EL displays. Based on such a background, the
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scattering layer to achieve a wide viewing angle in
organi ¢ EL di splays. Based on such a background, the
14 conventional organic EL displays do not use a |ight
scattering layer or output light with a high
directivity froma light transmtting insulating |ayer
arranged on an observer side mﬁ&h regard to the
organic 5 EL elenment. Further, “the present inventors
have found that nultiple reflection and nmultiple
interference

, that is, , "multi bea nt erferenc
needc88V88%§988}e8rb?ﬁéc %ﬁu Fﬁl@yﬁegb:PﬁFeFF@r@ngéght

mh h 1 ht
LZygganEEeperen ; ré%lgg 8& Cg erggfle g
Surf89§§ctﬁgﬁky'%Io@arahhﬁhtp @%%smlk%anefE%%HEQQngylayer

surfaces eam | ter erence occurs 1 n

th'nar&@ﬁ%@ds%ﬁhaﬁsob@%rb@@‘%QB% %ﬁthh% 23t to the organic
el ectrode 41 15 and organic |ayer 42 the 1ight

whi cRLt eavekstwi thin the | am nate, a Ilght beam whi ch
travels in a certain direction is enhanced, whereas a

l'i ght beamurwhiea) tthavelresiemtanoivieert odisr éeivieorfduhd that
weakened. In other words, the traveling direction of

t he mbghtpwki chf2@cpiopagatesuiltipiei inpleafe réincect itbrat is,
while repeatedly reflected between both main surfaces

of thBuladphsreers insguifsrencethaeerobe, considered. The
l'ights which propagate in the in-plane direction

whi | emPéﬁéatl@abﬁameflrléetré&rﬁﬁcet"héSa@@vén&@ércfﬁ.r@@d:e which
| am nate, the i h 25 HHX|nun1|nteni|ty 1§
y reflected

part PEGUEPI 95 ABOFL Byt Leght raye Bre fipeated

between reflecting surfaces, that is, parallel plane-
like reflecting surfaces.

Multiple-beam interference occurs in a very thin
layer such as the laminate of the front electrode 41
and organic layer 42. Of the light which travels
within the laminate, a light beam which travels in a
certain direction is enhanced, whereas a light beam
which travels in another direction is weakened. 1In
other words, the traveling direction of the light which
propagates in an in-plane direction while repeatedly
reflected between both main surfaces of the laminate is
regulated. Therefore, of the lights which propagate in
the in-plane direction while repeatedly reflected in
the above described laminate, the light with the
maximum intensity is particularly important to
effectively utilize in order to improve the luminous

efficiency of the organic EL display.
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effectively utilize in order to inprove the | um nous
efficiency of the organic EL display. 15 FIG 2 is a
graph showi ng the relati onship between the grating
constant of the diffraction grating 30 and the
incident angle of first-order diffracted light on the
i nterface between the transpareg% substrate 10 and 5
the exterior, which is obtai ned~for the organic EL
display 1 shown in FIG 1. Referring to FIG 2, the

i1 acti GnChr 3 1y S0l S GV A %félégaﬁ@ betueen
th [ | f f rd ff ted |.ight

the 1% fEaRr sl dlivleat e Trane E?F&%{tagoeiﬁs%a{a 900 and
and the j é&%%h%ran % %&t%fyy%MBﬂd% tﬁ?%\%ﬁ%d l%%Ft on

obtalned executl simulati on

Condkhb°@§te¥@%cet@e%&@%%?t%f E@%n%ﬁ%f@%faéﬂb§ﬂ¥%te 10 and

organi c layer 42 and 15 front elec 1 was 150 nm

The egtragteveorndexnieh itshedtalinRat eoMtnk Dxrgathes EL
organic layer 42 emtted |ight having a wavel ength of

530 dirspAagl assheubstinatraG.wds uRedeas ithe ta amspargntthe
substrate 10. The critical angle for |ight which

t ravebscfisem rkeriessinde dhet lyera2Qnigr angysdreernt of the
substrate 10 to the exterior (air) was 41.3 .

Mor e8%EE raché opulEiapliach8dm iamcerther @rcd nat e lrepresents the
Ian1nate of the front el ectrode 41 and the organic

| ayetN429P8tc ARG GerEd £ 1ard,-csrern e lififgiacs aghildighds on the

ro in the in-plane direction in the | am nate,
P pag%erface etwee% %e transparent substrate 10 'and the

exterior.

The data shown in FIG. 2 was obtained by executing
simulation under the following conditions. The
thickness of the laminate of the organic layer 42 and
front electrode 41 was 150 nm. The refractive index of
the laminate was 1.55. The organic layer 42 emitted
light having a wavelength of 530 nm. A glass substrate
was used as the transparent substrate 10. The critical
angle for light which travels from the inside of the
transparent substrate 10 to the exterior (air)
was 41.3°

Moreover, the multiple-beam interference in the
laminate of the front electrode 41 and the organic
layer 42 is considered, and, of the lights which
propagate in the in-plane direction in the laminate,
the light with the maximum intensity was used to

calculate the diffraction by the diffraction grating
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the light with the maxi mumintensity was used to

calculate the diffraction by the diffraction grating

16 30. More specifically, based on the wavel ength,

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

i ghts which propagate in the in-plane direction in

the lamnate, the light wwth the maximumintensity

was 5 supposed to travel in a d#gection whi ch nade an

angle of 63.7 with respect to the filmsurface, and

t he iffraction of, the |light by the diffraction

gr at i3ﬂg 3¥forgasreaiddicaldd: BFsiarern S yavifdength,
traveli,ng direction _of the O-order diffracted |ight

wos . SO AR RAGed e d S REHG VR PR & (SO GrEtE) of the
hi gher, er .t.han t Qof t first-order dj.f ted .

i one e e e s 4D e S Oalle qird R in the
i ght nsi re, 0 i | 5

case hare e aentin T Sl SRR dn sty the

1 9msubbesielCitderiral1anel @ @fi ddi® gy Siriidelade an angle
diffracted light against the interface between the

t ranggaeent’’substhatesplcandot hRe EXLAr kQFfhsegquad the

or greater than the critical angle. Therefore, in

t hi sdédseactienf iofstther darghtdidhf rthet ed ffirghtt icanma thimg 30
utilized for display. 20 In the case where the grating
conswast ciad ciud agedr.andel rithem, alsdutcel tdm ttoaatsduitng).Rirection
gm the incident angle of the first-order diffracted

|'i ghefagdendropler idatdrpadehdtinbdn wate notardparaast and the
substrate 10 and the exterior is snaller than the

crit Fdafracdied 1ighds ofad indaher, omder thergrtiathgf the

n nt i i ran
CO'S%gr%t-%r%%& dlf%ré%é@% light was very weak, only the

first-order diffracted light was considered here.

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

In the case where the grating constant is in a
range from about 1 um to about 0.2 um, the incident
angle of the first-order diffracted light against the
interface between the transparent substrate 10 and the
exterior is smaller than the critical angle. 1In
particular, when the grating constant is set in a range
larger than 0.2 um and less than 0.4 um, the incident

angle can be reduced to an extremely small value. When
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| arger than 0.2 gmand less than 0.4 j um the

i nci dent angle can be reduced to an extrenely snal
val ue. When 17 the grating constant is set to about
0.35 gm the incident angle can be set to 00 . Note
that, in the case where the grating constant is |ess
than about 0.2 gm the incident %ngle of the 5-
first-order diffracted Iight ag&inst the interface
bet ween the transparent substrate 10 and the exterior

is equal to.ar greater than the critical .
Ther &8 82 HPIONSIAT ke 9 G40 G & 115 atfleq the
li ght, tilized for display. 10 As descri bed,
[ ngt tﬁél%?g{s%ttv\%glr S Hé ggoaec is’negt tcdgndé‘t ant of the
diffracti ' .S opsd at ;
Si0e) a aﬂ?,herci} Y oPLd & V%délll%? ?tgrl(i:eta e%]b%:}.ré%tconstant

i ncident angle o i rst-order

agai ngt e ivH=A1 faider weelnt he hr aRsR ARt angle of the
substrate 10 and the exterior can be nmade extrernely 15

smal I£1 dsit dHde 1C aBEE £ refctdie 1Y sagitirtdt prrpagster fdee
the filmsurface direction in the lamnate, not only

t he bieghteen tthet heramedanent i tat HUL0 alrsd trostetferior
the lights with a |ower intensity can have an inci dent
angl é sseuadr tichary tdreadrent itdwin drig enr ffthievaef aregla. 20
great portion of the lights incident on the
t r angpereforesutst titls rRsenhitdie ifklzstiquder diffracted
ext enGNT FHSTo b Sudiideh 2k o PRI Y h. or gani ¢ EL
eal i sed. 255 RIF Y CRLIGUESS HETeRs cets AT3E b
the EB%@Eant of the diffraction grating is appropriately
set, the incident angle of the first-order diffracted
iight against the interface between the transparent
substrate 10 and the exterior can be made extremely
small. In this case, of the lights which propagate in
the film surface direction in the laminate, not only
the light with the maximum intensity but also most of
the lights with a lower intensity can have an incident
angle smaller than the critical angle. Therefore, a
great portion of the lights incident on the transparent
substrate 10, which is a light transmitting insulating
layer, can be output to the exterior. In other words,
according to the organic EL display 1, a high luminous
efficiency can be realized.

With this technique, the directivity of the light

output from the transparent substrate 10 is

significantly enhanced as described above. The



10

15

20

25

output fromthe transparent substrate 10 is
significantly enhanced as described above. The 18
directivity of the light can be freely changed with
use of the light scattering |ayer 60 in accordance
with the usage of the organic EL display 1. For
exanple, in the case where the_qgrganic EL display 1
is used in a nobile 5 device s&gh as a nobile.

tel ephone, the organic EL .display 1 is not required

to hay wi de vi gle but re U|res to have

a brl%diﬁ Cd'ﬂé’ téilocﬁfmq’q 3\/& sﬁﬁﬁﬁ ¥rfhanged with use
Theref f.ar thls rtlcul usa a i .

scat & 1T A 653 o Wag 3 Fowd i Gh Cf%rdance with the
scat r| il . e the, 0 her

o th% 0 ST aler I 1P MR ) Y Slpiif{ G in the

as a Qisephak Ao R Yrafdranast, deMdhey, tlh%songe,aéa ClrELa mobile
display 1 is required to have a wde view ng angl e

Ther efeati@e fs@icH hisS spaldditld ae e A ﬂHeQrHréla'i'xlc EL
scattering | ayer 60 which has a high Ilght scattering

capablilsptlyaymdy ilze negedteqliedde|tat itenshiap ieiaveeiew 'ty angle,
grating constant of the diffraction grating 30 and

t he ibudi déntreanglresofto fhiavst -sorddrghdi fdirsaeltagd dr ghtlon power
the interface between 20 the transparent substrate 10

and Ccleasswpddiosr., viegtefdres Heen tddscmdmdiavtar usage, a
reference to FIG. 2, changes depending on the

r ef r ddGihFe SRdSL MG He MedniGPat isth hQﬁe%wkﬁka%QGQer

42 and front, el ectrode 41 or the wavel ength of ght

eni t £EG HHEGHGhéE AEYEMAY Sfedtsess 49" IS %l'll?r hand,

be descrtlhbeed Vget Qtheerfeer %%Ceortgoanﬁ.cG%L display 1 is utilized

as a display for a stationary device, the organic EL
display 1 is required to have a wide viewing angle.
Therefore, for this particular usage, a light
scattering layer 60 which has a high light scattering
capability may be used.

The relationship between the grating constant of
the diffraction grating 30 and the incident angle of
first-order diffracted.light on the interface between
the transparent substrate 10 and the exterior, which
has been described with reference to FIG. 2, changes
depending on the refractive index 'of the laminate of
the organic layer 42 and front electrode 41 or the
wavelength of light emitted from the organic EL element
40. This will be described with reference to FIGS. 3
to 6.

FIG. 3 is a graph showing the relationship between
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to 6. FIG 3 is a graph show ng the relationship
between 19 the grating constant of the diffraction
grating 30 and the refractive index of the |amnate
of the organic |ayer 42 and front el ectrode 41, which
Is obtained for the organic EL display 1 shown in
FIG 1. Referring to 5 FIG 3, the abscissa represents
the grating constant of the di £Practi on grating 30,
and the ordinate represents the incident angle of
first-order diffracted light on the interface between

the thengpatdmd Sasstagite ofo thed difffe asfien @rating 30 and

Referring to FIG 3, a curve 101 .10 .indi cates data ,

obt alREd LREGASHIYS SAEEd (Ve HIRIdATHN2 4@ Hhcharoatic
the qrgani ¢l ayer 42 and.frqont . electrqode.,41 is,1.55

(=r oAPXEE o8 Phde r&ﬁ‘%gle&sesc)o?roﬂe v Saiotkahed for

datatﬂgtgkgﬁgﬁﬁp%ﬁJQﬁg%ﬁ%éiquﬁ%ﬁgthg%ﬁcpffgheReferring to

| ami nate of the organi er ront’

el ecirede 341 e LB AL WG MR HNAHGALES A-HA constant of

obt ai ned when the refractiveé I ndex of the | am nate of

the eheadiF flrayen okl g3ld ifnOrHo elaet tolde Aliinate Mpresents
(=refractive index of ITO. The data shown in FIG

wer e thkt dineddiehyt exedw iofg Sirst-alrdyr WidArddedaniyht on
20 conditions as described with reference to FIG 2
excephe tihge rtflacer dfettarteiny ¢ hendesanspardemt anbsdtmtmsl0 and
changed as described above. Assune that the organic

EL elF8fesxtsri@f.t s Reifginr ingaviond I& -wavelde v enfl B30

nm and  the grating constant 25 of the diffraction
gratﬁﬁ&l§@tﬁ§ Garf oPteised, vheas the refractive index of

the laminate of the organic layer 42 and front
electrode 41 is 1.55 (=refractive index of glass). A
curve 102 indicates data obtained when the refractive
index of the laminate of the organic layer 42 and front
electrode 41 is 1.80. A curve 103 indicates data
obtained when the refractive index of the laminate of
the organic layer 42 and front electrode 41 is 2.00
(=refractive index of ITO). The data shown in FIG. 3
were obtained by executing simulation under the same
conditions as described with reference to FIG. 2 except
that the refractive index of the laminate was changed
as described above.

Assume that the organic EL element 40 emits light
having a wavelength of 530 nm, and the grating constant
of the diffraction grating 30 is 0.21 to 0.54 um. As
is apparent from FIG. 3, in this case, first-order

diffracted light can be made to enter the transparent
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Is apparent fromFIG 3, in this case, first-order
diffracted light can be nade to enter the transparent
k 20 substrate 10, and at |east some conponents of the
light incident on the transparent substrate 10 can
enmerge to the exterior independently of which
refractive index from1.55 to é.OO the | am nate has.
5 FIG 4 is a graph showi ng an Qanple of the
rel ati onship between the grating constant of the
diffraction _grating 30 and the wavel en l'igh

5t A8 ofg T 3

th of ,

eni t f845Lr8 8rofganRt EEASCePORE £6: Rm%@ﬁ% Sf the light
bt ai,ned f th iic EL displ h in FIG 1
o' BHRBLGURL RS RL0R0LE B i b Bl B o

| at | [ t t ant t .
ol PhnER R DL e el M ORAN B e s
emi t edyf HoBst Re Qr.@@mt%eELlagJi%%%t naQ, which is
obtained for the organic EL display 1 shown in FIG 1

15 Referrigng.t @ KlsGa A showihRy s dx&idble of the
represents the grating constant of the diffraction

gr at ra@a8fpnandpt betaednnahe LeprtdsRNicHristanthefdate

angle of first-order diffracted |light on the interface

bet weéfifrbhettipangpateny Slbsthdattdel raard ek hextferliiagyht

20 Referring to FIGS. 4 and 5, a curve 111 indicates

dat acmabtafinédomhéhet begaaiel Elgtel erend3@ nmwhA aturiee

112 indicates data obtained when the wavel ength is

530 ARfaipedufoe the pagiredcesldaigrdstyailnedomrenin HIG. 1.

wavel ength ,is 460 nm ,
FIGT 5 is a graph showing another example of the
relationship between the grating constant of the
diffraction grating 30 and the wavelength of light
emitted from the organic EL element 40, which is
obtained for the organic EL display 1 shown in FIG. 1.

Referring to FIGS. 4 and 5, the abscissa
represents the grating constant of the diffraction
grating 30, and the ordinate represents the incident
angle of first-order diffracted light on the interface
between the transparent substrate 10 and the exterior.
Referring to FIGS. 4 and 5, a curve 111 indicates data
obtained when the wavelength is 630 nm. A curve 112
indicates data obtained when the wavelength is 530 nm.
A curve 113 indicates data obtained when the wavelength
is 460 nm.
The data shown in FIG. 4 were obtained by

executing simulation under the same conditions as

described with reference to FIG. 2 except that the



10

15

20

25

25 The data shown in FIG 4 were obtained by

executing simulation under the sanme conditions as
described with reference to FIG 2 except that the 21
refractive index of the | am nate of the organic |ayer
42 and front el ectrode 41 was set to 1.55, the

wavel ength of light enmtted fr021the organi ¢ EL

el enent 40 was changed as desc Ihed above, and the
traveling 5 direction of light which propagated in the

dlrectlon of surfac ile repeat reflectjo

bet west rﬂffé:lvr?aj A dRE DT At riganic layer
chan n rd w th the wavel.e . JThe data
Shondg Ay £ QRAEG?L e S xseectu{‘a%ngl S o,

unde t cr

refereh%%iﬁéﬂfﬁgﬁpé' egéé%?nﬁh%f élﬁé ra %ﬂ}lrg element
of the LamE naleddq e dééf&qfﬂiefd | Aysfe ,42arﬂ:ndt:l'fé' oa%avellng

el ectrode 41 was set to t he wavel ength of 11 ght

em t adfdtamrt ke ari thlEth %Jr%’ﬂ%ﬂ}at@i_ was thangete@sion of
descri bed above, and the 15 traveling direction of

|'i ghtf it clufaeragaiiae ireddst il nectlicdt iofn fddtiween the
surface while repeating reflection between the major

sur f aegs rofsurfadesmafatthendsandrerigevas rchecordiante

with the wavel ength. For the organic EL el enent 40

whi clcapincganced w2GH itdret wawg lengthexarfjlee datigghown in
havi ng a peak wavel ength of about 630 nm the grating
constEg of Wee oftRfimest itoh eg?eawtﬁg\qsmr@ﬂsae&l%tmﬁr the
the range of gbout 0.22 gmto apout 15 m As

appaPéit fPOFEIEESs £ é’r?cF%—”quﬁi t“fﬁ@ GRfgrence 'to FIG. 2

firs%&%%g reyffr %E%%grégglééalndex of the laminate of the
organic layer 42 and front eléctrode 41 was set to
2.00, the wavelength of light emitted from the organic
EL element 30 was changed as described above, and the
traveling directioﬂ of light which propagated in the
direction of film surface while repeating reflection
between the major surfaces of the laminate was changed
in accordance with the wavelength.

For the organic EL element 40 which emits red
light and, for example, light having a peak wavelength
of about 630 nm, the grating constant of the
diffraction grating 30 is set within the range of about
0.22 um to about 1.15um. As is apparent from FIGS. 4
and 5, in this case, first-order diffracted light can
be made to enter the transparent substrate 10, and at
least some components of the light incident on the

transparent substrate 10 can emerge to the exterior.
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25 be made to enter the transparent substrate 10, and
at | east sone conponents of the light incident on the
transparent substrate 10 can energe to the exterior.

b. 22 Especially, when the grating constant of the
diffraction grating 30 is set within the range of

0.27 gmto 0.65 gm first-order diffracted |ight can
be made to enter the second mav@éuide | ayer i ncl uding
5 the transparent substrate 10, and the light incident

on the secqond wavegui de | ayer can energe to_ the
ext eEiSBR C1gdddpetieht (B eofd Ratd e fGoRdbant idfddbef the

|37 LS (st aveay) dg aver) of, the orgomic Love
40 1 ich it i ght d, ,f I i gh
10 1895, Lot B Besry | ShL B for XA | OO o
ConStaz ol A ! 96! R YA FALP Y T Laing

casethefl ikhShs@aden tdififacted Hightyan e MR tiGcident on
enter the 15 transparent substrate 10, and at™ | east

SONE tGeMReRINS watleduiRld I1GRled NEreMe e e the exterior
transparent substrate 10 can energe to the exterior.

Espednaklpgndenel vt e t@reatriafy aerisieanindsx tdfe the laminate
diffraction grating 30 is set wthin the range of

0. 21 (gt @a5Egyhdef ilagterdr der t2@ diddardct daytdght2 and
can be made to enter the second waveguide |ayer

i ncl ddong erectratsepddent Foubdiheatargemic did alrmantg0

i ncident on the second wavegui de | ayer can energe to .
the ¥RE&EH SPitsdgFesdeddightonthe for example, light having

a peak wavelength of about 530 nm, the grating constant
of the diffraction grating 30 is set within the range
of about 0.18 um to about 0.95 um. In this case,
first-order diffracted light can be made to enter the
transparent substrate 10, and at least some components
of the light incident on the transparent substrate 10
can emerge to the exterior. Especially, when the
grating constant of the diffraction grating 30 is set
within the range of 0.21 um to 0.57 um, first-order
diffracted light can be made to enter the second
waveguide layer including the transparent substrate 10,
and the light incident on the second waveguide layer
can emerge to the exterior independently of the
refractive index of the laminate (first waveguide
layer) of the organic layer 42 and front electrode 41.
For the organic EL element 40 which emits blue light

and, for example, light having a peak wavelength of
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refractive index of the lam nate (first wavegui de 25

| ayer) of the organic |layer 42 and front el ectrode 41.
For the organic EL el enent 40 which emts blue |ight
and, for exanple, light having a peak wavel ength of 23
about 460 nm the grating constant of the diffraction
grating 30 is set wthin the range of about 0.16 gmto
about 0.85 um In this case, fi?gt-order di-ffracted
light can be nmade to enter the transparent substrate 5
10, and at |east sonme conponents of the Iight incident
on t R tad$PanEnt thepsiradtida cawtadrredfe the tdgf fraction
exterior. Especially, when the grating cqfstant of

t
di f f BZEHEY glati®ng o Widhddt Thig Handshe é\ﬁ%ltofo&ggﬂm to

tq.0.47 first-order.diff ted light . b
made S8 Hn e % HER S oo SRAC kAT R, Fager PREFRdRG Txocted
Lhe HEamInRanhes Wil 4 chbe A N8 dd - dNET ARt rate
on the second wavegui de | ayer can energ 0 e

ext enigQr angndepardent I dapdrRidacid/eddergd idident
lam nate (first wavegui de |ayer) of the organic | ayer

42 apth thel £oRhsplag@ntodRiAtrathtatl 0 sarl idfdrgditd the
enters from the first waveguide | ayer to the second

waveguitéde iloayer EspaeieflfliyGi amdry terergea tfimmddresddghtof the
out put surface of the second wavegui de | ayer on the

r evedsd fsjadd ioh thret ifigr SO viesv e oel Hhalyrerthe2 rdere eq £

when the grating constant of the diffraction grating

30 sRodlod the tet Ot é7aupredeieshioneder val figrdoted| Light can

organi c EL el ements 40 which emt red, green, and
bl ue s gRAe Re SFPEAN Afc HRCRT Wvagrgdde layer including

the transparent substrate 10, and the light incident on
the second waveguide layer can emerge to the exterior
independently of the refractive index of the laminate
(first waveguide layer) of the organic layer 42 and
front electrode 41. That is, light which enters from
the first waveguide layer to the second waveguide layer
can efficiently emerge from the light output surface of
the second waveguide layer on the reverse side of the
first waveguide layer.

Hence, when the grating constant of the
diffraction grating 30 should be set to a predetermined
value for all the organic EL elements 40 which emit
red, green, and blue light; the grating constant of the
diffraction grating 30 may be set within the range of
about 0.27 um to about 0.47 gm. In this case, for all
display colors, first-order diffracted light can be

made to enter the second waveguide layer including the
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diffraction grating 30 may be set within the range of
25 about Q 27 gmto about 0.47 gm In this case, for
all display colors, first-order diffracted |ight can
be made to enter the second wavegui de | ayer including
the 24 transparent substrate 10, and the |ight

i nci dent on the second maveguigg | ayer can energe to
the exterior through its exit rface. Wen the
grating constant of the diffraction 5 grating 30

shoul d be changed between the organic EL _elenents 40
whi cﬁréﬁispaﬂfg&,% éPgéﬁ,r%ﬁd 1@|luém| i e, 'irlﬁélt drgdidggt on the
constant _of the di.ffraction grating 30 _may,be et .,
wi t hERCPRE FENSE A0 185 oG Gifio TIPS, th 4%, SXiSod,
faci@grgﬁgprgqsoggﬁgi%ug%a%%enent 40. The 10 grating

iffr

constant the action grating 30 may be set

within t h%h%%”&%e“gr%éi%%@&q%t%n% &k @kﬁi éﬁfﬂ%éﬂi%

facing the green organic el enent 40. grating

consgaatk igl Bie shichiliadl ehagigdld PR tIRAMBY-HRE orgfiinic EL
within the range of 0.16 gmto 0.85 gmat a 15 portion

faci agetmbatll U® ahdah enil eleafenrire4d., lhd Blie dastht, the
for all display colors, first-order diffracted |ight

can geamadg tonenizert bife theandfdfirantt ionbsiraatierlg B, may be
and at | east sone conponents of the light incident on

t he se&nypihdém tdhgbgangee of00c22 emprge tolbheemOat a
exterior. Wen the grating constant of the diffraction

gr at PR§L30Ns KEGH A I é heh &ivge @ IS@MiSe FLt I8 ea1egdni4d -EL The
e'e”S?E%iﬁ% @%%%Qa%gi%fr%%é %E%%@aé?yiﬁﬂgﬁigfégnjo‘ﬂgi be
- set within the range of 0.18 um to 0.95 um at a

portion facing the green organic EL element 40. The
grating constant of the diffraction grating 30 may be
set within the range of 0.16 um to 0.85 um at a
portion facing the blue organic EL element 40.. In this
case, for all display colors, first-order diffracted
light can be made to enter the transparent substrate
10, and at least some components of the light incident
on the transparent substrate 10 can emerge to the
exterior.

When the grating constant of the diffraction
grating 30 should be changed between the organic EL
elements 40 which emit red, green, and blue light, the
grating constant of the diffraction grating 30 may be
set within the range of 0.27 um to 0.65 um at a

portion facing the red organic EL element 40. The

grating constant of the diffraction grating 30 may be
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grating constant of the diffraction grating 30 may be
25 set within the range of 0.27 gmto 0.65 gmat a
portion facing the red organic EL el enment 40. The
grating constant of the diffraction grating 30 may be
25 set within the range of 0.21 umto 0.54 umat a
portion facing the green organi¢c_EL el enent 40. The
grating constant of the di ff ractPon grating 30 may be
set within the range of 0.19 gmto 0.47 gmat a 5
portion facing the bl ue or%anic EL el enment 40. In this
S

case?eFowlgpF%dF§ﬁléﬁnaél8 0.2 dtmokQef - aff 4 RcRed®

i ght 1 b de t t the t t bstr at

10, BAGTACT EE5EPGonb S REERoREE D o R (SIERE indi UrentThe
t \ t trate |1 tQ. t

on B8 CURBSISEIL SUUR Lol A0 o 808 0 0 e o

firsgepayequide chayeungkl Gr © .19 afﬁr eghpsaewm 2 a
gle o

condition to set the i'ncident an i rst-order

di ff paetedn! ifalt ngn theepiirt riaes Petvweardddi® 40. 1In this
transparent substrate 10 and the 15 exterior to 00 .

Ref eeabgg torFhGl @isbhayaksdicssqg fieptesaisy tdiffracted
wavel ength of light emtted fromthe organic EL

el enéngh40caantbet mader dionahet erre phes entas sifaer ergr atuibrr rate
constant of the diffraction grating 30 to set the

i nci d8nt aadgks dkakitr somer dempdinfefytac todd thieghti gt 2hcident
the interface between the transparent substrate 10 and

t he BRt EPPofrEdSPOrenReFEPSILAG teo 1P Gang emeafas difceche
nuneral 121 denotes data_obtai ned when the refractive

i ndeR*X6PTERE FRACRENECHE Whe tolrganite Hrardt Va2 Tqsipx of the

fron%irst waveguide layer.

FIG. 6 is a graph showing a condition to set the
incident angle of first-order diffracted light on the
interface between the transparent substrate 10 and the
exterior to 0° . Referring to FIG. 6, the-abscissa
represents the wavelength of light emitted from the
organic EL element 40, and the ordinate represents the
grating constant of the diffraction grating 30 to set
the incident angle of first-order diffracted light on
the interface between the transparent substrate 10 and
the exterior to 0° . Referring to FIG. 6, reference
numeral 121 denotes data obtained when the refractive
index of the laminate of the organic layer 42 and front
electrode 41 is 1.55. Reference numeral 122 denotes
data obtained when the refractive index of the laminate
of the organic layer 42 and front electrode 41 is 1.80.

Reference numeral 123 denotes data obtalned when the
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el ectrode 41 is 1.55. Reference nuneral 122 denotes 25
dat a obt ai ned when the refractive index of the

| am nate of the organic layer 42 and front el ectrode
41 is 1.80. Reference nunmeral 123 denotes data
obt ai ned when the 26 refractive index of the |am nate
of the organic layer 42 and front electrode 41 is
2.00. As shown in FIG 6, the gl&ing constant of the
diffraction grating 30 which sets the incident angle
of 5 first-order diffracted |ight against the

i nt erfedc@ Pdiigedmaere af disparasninafish sty fihe 1rganic heayer
exterior to Ois not Ilimted, to 0.35. The grating

consﬁéhQHQﬂﬁﬂﬁﬂQSQ%?Q%ﬂQW%dHcé%M%rQQhe refractive
R
exarie e o G i B e SHng %ﬁfhcglcieayterangle of
the Erﬂf‘ﬁ i %ﬁ#&%ﬁﬁ’sﬁ%ﬁ%@é%&% Sifdrace

30 C%t@'@@kk@)ﬁr@d@’aﬁﬁ@@dﬁﬁ'atgll@ ahd e exterior

partial sectional view schematically showi ng a

modi fricca@l’i onsohotheifi@afi €oEb.disspl @yesgewn ingn cohGtant

1. The organic EL display 1 has the sanme structure as

t hat chfariges drganicorddantiespliagh kshawtdacti’é Rrfded of the
except that a light transmtting | ayer having a

pl ur dlaimtiyadfe tofr dungh drglagsid slaysed &8s arfe fdidrftr ectérrode 41
grating 30. In this way, the diffraction grating 30

can EMpltdye waviedenodty @t driehit emitted from the organic EL

element 40.

In the example shown in FIG. 1, a light
transmitting layer having a plurality of recessed
portions is used as the diffraction grating 30. The
diffraction grating 30 can employ any other structures.

FIG. 7 is a partial sectional view schematically
showing a modification of the organic EL display shown
in FIG. 1. The organic EL display 1 has the same
structure as that of the organic EL display 1 shown in
FIG. 1 except that a light transmitting layer having a
plurality of through holes is used as the diffraction
grating 30. In this way, the diffraction grating 30
can employ various structures.

The layers formed on the diffraction grating 30
can also employ various structures. For example,
referring to FIG. 7, the portion which fills the.

through holes of the diffraction grating 30, i.e., a
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The |l ayers fornmed on the diffraction grating 30 25
can al so enpl oy various structures. For exanpl e,
referring to FIG 7, the portion which fills the.

t hrough holes of the diffraction grating 30, i.e., a
27 portion 4la may be made of a material different
froma |ayer 41b. The second enbodi nent of the
present invention wll be descfli’bed next. 5 FIG 8 is
a sectional view schematically showing an organic EL
di spl ay according to the second enbodiment of the

pr es ©FE tilpeftlizomayribg mads |9fust miteyiadn drff@rentElfrom a
display 1 with its front surface directed upward and
its BEYRTs¢rPace directed 10 downward. The organic EL

display 1.4s a to m ssi pn type _organi c EL . display.,
Hence, unITliqge Stqﬁ:éjprfqereé‘lsboﬁ%ﬁtlpr%t? % %‘Iﬁo%etr}tat]é%i?ﬂtlon
need t Y% .ght, transmtting property. 15 As in

t he F??&tag%é%é%éﬁgﬁ%d ﬁﬁx%ﬁdercoat | ayer 12, TFT,

interlayerpidisy fl.ltéy'? dddimhaL %devpassc%e\f@gﬂjg%lﬂlléﬂowing

18 are sequentia ormed on the substrate

Cont agt oheles ARe, ARGy R ARG SO s kb and
the interlayer insulating film 17 "and passi vati on

fil mekBoddeb@uiore tard pHedidh telietidmdesn .21 e 8
electrically connected to the source and drain of the

TFT vildusheatesntactordyands. EA rdfdpdetyi Ng wisreri t4) farwht
a first portion 31
surface directed upward and its back surface directed
- downward.

The organic EL display 1 is a top emission type
organic EL display. Hence, unlike the first
embodiment, a substrate 10 need not have a light
transmitting property.

As in the first_embodiment, an undercoat layer 12,
TFT, interlayer insulating film 17, and passivation
film 18 are sequentially formed on the substrate 10.
Contact holes are formed in a gate insulator 14 and the
interlayer insulating film 17 and passivation film 18.
Source and drain electrodes 21 are electrically
connected to the source and drain of the TFT via the
contact holes.

A reflecting layer 70 and a first portion 31
(integrated with the passivation film 18) of a
diffraction grating 30 are sequentially formed on the

interlayer insulating film 17. As the material of the

reflecting layer 70, a metal material such as Al can be
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(integrated with the passivation film 18) of a 25
diffraction grating 30 are sequentially forned on the
interlayer insulating film21l7. As the material of the
reflecting |ayer 70, a netal material such as Al can
be 28 .used. In this exanple, the reflecting |ayer 70
has a three-layered structure of Mo/AI /M so that it
can be formed by the same procé€$s as the source and
drain electrodes. As the material of the first
portion 31, 5 an insulating material such as Si N can

be use@d.Thdrny &ddss&xapmla ofhoraedting Jnrirey ofd Bas a

o o SR AR T & LY can ne

mat er_ _al E@ ing¥? refractive index higher than Hp%%agf

10 t REIF SO Yport? SHISLPAREAST £° (heE e 18 i e

ej %*i% SRl thed nctheetr hAGS Aelmesn éggae 1S a;%’féié’ﬁ‘ 31,
and the second p ortions . I'm” addi tion,

peri qehi @lgy, 1AL s;’l:]'?rla!t%rfi%rlrr%%cqp ddesinted age. Kagk

el ectrodes 43 w ight transmtting 15 property are

j uxt aposedrran e fHdd nRetd Ih Drt 1tk 3 r M P S PEINT31 are
spaced apart fromone another. In this exanple, the

back falleeld ade 3 esnNe A ivhArBXenay off S5 Meghof a
transparent conductive oxide such as ITO A partition

i nsultatainsqiltayiery S0haatliadhing nate Siaie sth ass deswoss bed
inthe first enbodinent is also formed on the first

port herteLadf have ngi fof meditasrt igreatiinde x301iglrer orhegmi that of

l'ayer 42 including a Ik%ht-enitthg layer is fornmed _
on tﬁ@ebééwsélééﬁﬁddél exgdvdd o tie irsfrRctive index is

changed at the interface between the first portion 31
and the second pbrtions 32. In addition, a periodical
pattern is formed on the interface.

Back electrodes 43 with light transmitting
property are juxtaposed on the diffraction grating 30
while being spaced apart from one another. In this
example, the back electrode 43 serves as an anode and
is made of a transparent conductive oxide such as ITO.

A partition insulating layer 50 which is the same
as described in the first embodiment is also formed on
the first portion 31 of the diffraction grating 30. An
organic layer 42 including a light-emitting layer 1is
formed on the back electrode 43 exposed to the inside
of the through hole formed in the partition insulating
layer 50, as in the first embodiment.

A front electrode 41 with light transmitting

property is formed on the partition insulating layer 50
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of the through hole forned in the partition insulating
25 layer 50, as in the first enbodinent. A front

el ectrode 41 with light transmtting property is
fornmed on the partition insulating |layer 50 -a 29 and
organic layer 42. In this exanple, the front

el ectrode 41 is a cathode continuously fornmed to be
common to all pixels. In this e%nple, an organic EL
el ement 40 corresponds to the first waveguide |ayer. 5
A transparent protective film80 as a |ight

t r andhflt PrAgnilAsdbaeINg2l-ayén &hd Saekiegki escabheefirpgt
| ayer .60 are sequentiall¥ formed on the front

el ecBLBAETOFe. 4in1fhps CB%kERELe COPRé NUPRSdYarSxfred to be

protective fiInElSO.corresp ndi to the szcond _ o EL

wav eGErE8Y &9ef L lTRE*ES St r anSpafefit SFEBPEEYi F& PEIRPES
i.nfl f [ int.o t

or ganrenen e dnelr rigblhae ERshee fts T dy et g

| ayer. Asat Q%a%%%»%&je%'t ?Jfro_tte%% s Skl %@t L%t 8Gtgre

film80, a transparent resin can be use

transpangnt tRhabeshisv@akiiht 88 ednaha eMlignteisieh et ing
single-layered Structure or a "nultilayered structure.

A potayezesomayebeeanearged 1hetraeard b theafypaterflectrode
protective film80 and the |ight scattering |ayer 60.

An NB1fil Ter thmy beaapfiangetieon rbhephirght PRotective film

scattering layer 60. In the first enbodi nent, the

di f f BActpomegpanidsg to3@hes secoany@d vieginielen lislyer. The

organic EL el enent 40 and
transparent protective film 80 prevents inflow of water
from the exterior into the organic EL element 40 and
also serves as a flattening layer. As the material of
the transparent protective film 80, a transparent resin
can be used. The transparent protective film 80 can
employ either a single-layered structure or a
multilayered structure.

A polarizer may be arranged between the
transparent protective film 80 and the light scattering
layer 60. An ND filter may be arranged on the light
scattering layer 60.

In the first embodiment, the diffraction grating
30 is arranged between the organic EL element 40 and
the substrate 10 serving as the light transmitting
insulating layer, i.e., on the front side of the
organic EL element 40. In the second embodiment, the

diffraction grating 30 is arranged between the organic

EL element 40 and the reflecting layer 70, i.e., on the
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the substrate 10 serving as the light transmtting
insulating layer, i.e., on the front side of the 25
organic EL el enent 40. In the second enbodi nent, the
diffraction grating 30 is arranged between the organic
EL el enment 40 and the reflecting layer 70, i.e., on
the 30 back side of the organic EL el enent 40. Even
when this structure is enployedQ al nost the sane
effect as described in the first enbodi mrent can be
obt ai ned. Wen the diffraction grating 30 is arranged
on t hecks sigek ofi ddeoforndseisr ddnied ellerd] ehfent Ean somen this
conmponents of light emtted fromthe organic EL

el enBREVEGUESt dif effd Avieght alm@sdnithe mglishQfiftasthgs

| ayer, wi t hout, passing _ through the diffraction gratin

30, PEREE RS Y FPeeE L Ry @%%ﬁfﬂ%ﬁ&ﬁbﬁ&,oqg&a%e -
advant ageous .t rr 10 the diffraction grating 3

bet ween t%e& 8%‘% cﬂqE%eraeciocelr?enntgrfd:lanrﬁj %(ﬁelgiagﬁalggeg on the

trangnoitti [ Ilat o1 | I Q
in F?%FkSFagﬁeggygﬁ%aggﬁgﬁxg{g??ﬁg’ %gﬁp dyssq;al{[?tah dhponents

str U%‘f“'l@.i;ih'“& ‘émi(ﬁﬁletdh%rro?rp@c?%e%r Qfitd Qs Ofertdift fdd Sdnter

portion 31 are filled wth the 5 second portions 32.

Wienthke 1dighfr &etanemigtdinignd nddliarcingdas idie Wiltidut passing
portion 31 and second portions 32, any other
st r uthuveghamnhee dafflrayed onFlg@atd nics 30 .seddrmwgl 80 e ffract

schematically showing a nodification of the organic

EL dingpkay ighdweompoRleGtsg. 1t20 s mdveetergganisc tl arrange

display 1, the second portion 32 includes portions 32a

whi cfbpi AL ffactdens gaa@ tdoct iddhdetafearhd e rost93ivka i Bin

31 and a portion 32b which covers = | ) )
element 40 and the light transmitting insulating layer.

In the example shown in FIG. 8, the diffraction
grating 30 employs a structure in which the recessed
portions of the first portion 31 are filled with the
second portions 32. When the diffraction grating 30
includes the first portion 31 and second portions 32,
any other structure can be employed.
FIG. 9 is a sectional view schematically showing a

modification of the organic EL display shown in FIG. 8.
In the organic EL display 1, the second portion 32
includes portions 32a which fill the recessed portions
of the first portion 31 and a portion 32b which covers
the upper surface of the first portion 31. Except
these points, the organic EL display shown in FIG. 9
has the same structure as that of the organic EL

display 1 shown in FIG. 8. In this way, the

diffraction grating 30 can employ various structures.
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t he upper surface of the first port

ion 31. Ex

cept

these points, the organic EL display showmn in FIG 9
25 has the same structure as that of the organic EL
display 1 shown in FIG 8. In this way, the
diffraction grating 30 can enpl oy various structures.

't 31 In the first and second enbod

i ments, as

diffraction grating 30, a one-dBkensional |at

two- di nensi onal lattice nmay be used

. I n order

t he
tice or a
to

diffract nore light, the latter is nore advantageous.
5 In the fliy $heand reécond afsedidremepdigents, as the

transm ssion-grating was used. Alte
refl@é??éﬁgﬁﬂépiﬁﬁa ?gbéousédpnﬁﬁﬂ

and pFS[8LFFas Ak $6&s "PHa
10 gratlng ey he f&% d ol *i%tft\%%

refl ection lTrayer 7 n't he case

be made light transmtting and have

rnatively

a

nggﬁﬁqad%|%§ttice or a
di ffraction grating i%&zhown in EIG. 8 may

b
o GSRca dift

Ao e

nt, _surf ce gf

eﬁg #ﬁ%ﬁﬁi Paction o
grating 3 iRl t [ YLt d

portion 3 ”aﬁd% #ﬁg%géggﬁ%sgﬁ%¥#%ns 321&L|ch' |
recessas shesRBEN1Y riak 1hle whish SlseROr t RARe R iRl ala
properties of the™ second portion 32 should be

di f f ee€ntchkrom-ghasenef malje bef iseld . porororRx3AS, the
descri bed above. It suffices if the first portion 31

and secdmdcpdohi grat3dgane® stioWhernentrIin @t magaste aneltted
of the refractive index, 20 transmttance and
r ef | eotapce] etypionsl byd tresessesndhagorftorons 31 ffhmdtdion

i rst
fill the

grating may be formed on the front surface of the

reflection layer 70.

In the case where the diffraction grating 30

includes the light transmitting first portion 31 and

the second portions 32 which fill the recesses formed

in the first portion, the optical properties of the

second portion 32 should be different from those of the

first portion 31 as described a

bove. It

suffices if

the first portion 31 and second portions 32 are

different in at least one of the refractive index,

transmittance and reflectance.

Typically, the second

portions 32 should be made light transmitting and have

a different refractive index from that of the first

portion 31.

The bottom surface of the recess formed in the

first portion 31 may be the surface of the first

portion 31, or it may be the surface of the underlying

layer of the first portion 31.

Further,

the organic EL
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a different refractive index fromthat of the first

portion 31. The bottom surface of the recess forned in

the 25 first portion 31 may be the surface of the

first portion 31, or it may be the surface of the
underlying |layer of the first portion 31. Further,

the organic EL ., 32 display 1 showmn in FIG 1 can be
regarded to have such a struct8fe that the

diffraction grating 30 serves as the first portion
shown in FIG 8 and a part of the electrode 41 serves

as tHéspéaynd pbewnoas B2Gshéweannbs EeGarBedThe have such

second portions 32 na¥ be nmade of a materia
di f f 8r 8RFUFPFBAPt RBRtoEhehdiéfeactaqe grasing330 gerves as

| east, one.of the first portion 31 and second portions
o5 HR R LR85 nBoRE LAt FRaUD off ETGe! B oS0 Raposinpd Ehe

hi gh ' ind d hat, of 1 .

oy oF L ARERL H{nEPEUE SRSt RESSPRE B PRACAPDan e Bhown i
I 40. W ' ; I . -

ni orTSi onte Aot RS Aver T SAaBa on" e "SI GaCeT Cind

or gaph€cEka®l 8HBRL r4AtWet-Bpr %ﬁg%cbft ‘Ehteh%léicft%?%éizﬁn or 43.

grating 30 is pronoted. 15 As descri bed above,

grating capstaaktobnkher @kl FaelitoRoataldnnB13Q@sedcond
in the first and second enbodinents is very small

ThatpostibnsoBrainclheedoiganhe Bhfdiraphkdys frating 30 may

according to the first and second enbodinents, a

t echhéyaeaohiffbem ngfaabypeef indepabsecompa@eds to that of a

necef§3£¥'adjacent thereto on the side of the organic EL
element 40. With this structure, the multiple-beam
interference in the layer located on the side of the
organic EL element 40 with respect to the diffraction
grating 30 is promoted.

As described above, the grating constant of the
diffraction grating 30 used in the first and second
embodiments is very small. That is, to obtain the
organic EL displays 1 according to the first and second
embodiments, a technique of forming a hyperfine pattern
is necessary.

However, unlike the manufacture of a semiconductor
device, a large-area substrate is used in manufacturing
the organic EL display 1 in some cases. For this
reason, 1in normal photography which uses a photomask,
defocusing occurs due to warping of the substrate. It

is therefore difficult to accurately transfer the

pattern of the photomask. This problem can be solved
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However, unlike the manufacture of a sem conduct or
device, a large-area substrate is used in
manufacturing the organic EL display 1 in sonme cases.
For this reason, in normal photography which uses a
phot omask, 25 defocusing occurs due to warping of the
substrate. it is therefore difficult to accurately
transfer the pattern of the phdBonask. This problem
can be solved 33 by, e.g., using the foll ow ng nethod.
FIG 10 is a sectional view schematically showing an
exanple 6f JarnEER6d &hef Sodiloy Lnge Mgt ction
grating 30. Referring to FIG 10, the constituent 5

el ement s |ﬁﬁer&@sé§ FetSfcdd oed st sahemed ifd Bheshowing
di ff tted,f he

1 u6fr 5rRRYes by annERoRY RE %@&%&F&\ giidens s

f ff

B s
Conté@éﬂ%ﬁtg' Qgggegeb %%@na%h%hgu%'ng 3L QN ang the

grating 30 Faf er or med an undercoat fil'm suc

as therpasstyahi gRatiheg 38 EQE”%@lQQe@n%o@ak%% %qqh%¥%atlve
of the substrate 10. A” resist film95 is forned on

the contentiensefi | Rs3@n ekampeyt, aamphdbenask ¥ nitiy the
prepared by formng a light-shielding pattern 92 on

one dufbrastuibacgraetiag BOgbhowhadsmFIG.ng suhdat bat e

91 nade of, e.g., quartz. The photonmask 90 is

arr aggedrsbed.that the light- shielding pattern 92

faces the resist film95 and the 20 photomask 90 is in
contact wlthtbhé Bgbbedat §1rGtvi @ gontinuous film 30 to be

useq as the diffraction grating 30 later is formed on
an undercoat film such as the passivation film 18
formed on one major surface of the substrate 10. A
resist film 95 is formed on the continuous film 30.

Next, a photomask 90 is prepared by forming a
light-shielding pattern 92 on one major surface of a
light transmitting substrate 91 made of, e.g., quartz.
The photomask 90 is arranged such that the light-

| shielding pattern 92 faces the resist film 95 and the

photomask 90 is in contact with the substrate 10 via a
dielectric liquid film 97. The resist film 95 is
exposed to light through the photomask 90 in this
State.

The photomask 90 is removed from the substrate 10,
and the resist film 95 is developed. With this
process, a resist pattern (not shown) formed by

pattering the resist film 95 is obtained.
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dielectric liquid film97. The resist film95 is
exposed to light through the photonmask 90 in this
state. The photomask 90 is renoved fromthe substrate
10, 25 and the resist film95 is devel oped. Wth this
process, a resist pattern (not shown) fornmed by
pattering the resist film95 is obtained. 34 The
continuous film30 is etched by3ésing the resist
pattern as a nmask. By the above-described nethod, the
diffraction grating 30 formed by patterning the

cont i nuoudhe lcenggnususbifdilme 30 Not etidhed toye Bing the

diffraction grating 30 shown in FIG 8 can be obtai ned
by fERATAG PRELEILASESPEr MRSk -31Bvn ta@c@b@é(ﬁcéie\mmbleﬁie

bed ab d, af
111 FRGRERe %Ese3&5%?%%%#p§ngiaﬁﬁﬁg?ﬁg ;353%& 8 ERgiteTning
32 f I rt
dlfngggn?o ron1 %1%@t5§o?guo é%%epn t eﬁé#ﬁ&dthe
the 892%95@%50%0g§QQ1§ b%br h%w%o arra%%%dg%u%%talned

t hat are 1 n conta eac er via

|Iqu Ebkmy ) | \Y; r [ S
even ﬁhen i Easﬁbét?i?éElﬁg?éé%gnﬁl ;91§CE? PSSy the

di st same paBcbaumBkNhai nedchebweelpbl® and, after that,
light-shielding pattern 92 and the resi st filmo95. 1n

addi fidhinghehet becpbseanpsktIGnandishbsheatectdda@®rtions
arranged such that they are in contact with each other

vi a BRemhdgqupd fi mat87iafheidhstancethetieeropkethi ght

20 shielding pattern 92 and the resist film95 can be
madedifferent from the first portion 31.

In this method, the photomask 90 and substrate 10
are arranged such that they are in contact with each
other via the liquid film 97, as described above. For
this reason, even when the substrate 10 is bent, a
predetermined distance can be maintained between the
light-shielding pattern 92 and the resist film 95. 1In
addition, when the photomask 90 and substrate 10 are
arranged such that they are in contact with each other
via the liquid film 97, the distance between the light-
shielding pattern 92 and the resist film 95 can be made
less than the wavelength of exposure light. That is,
exposure using near-field light can be executed.
Furthermore, in this method, the pattern of the
photomask 90 is transferred to the resist film 95
without enlarging it. Hence, according to this method,

a diffraction grating 30 having an accurate grating

constant can easily be formed.
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| ess than the wavel ength of exposure light. That is,
exposure using near-field |light can be executed.
Furthernmore, in this nmethod, the pattern of the

photomask 90 is transferred to the resist film95 25

wi t hout enlarging it. Hence, according to this nethod,

a diffraction grating 30 having an accurate grating
constant can easily be formed. 3% In this nmethod, the
pattern of the photonmask 90 is transferred to the

resist film95 without enlarging it, as described

above. Foﬁntﬁhssrmaibﬁd,n@hﬁama¢taﬂmIOf pihgt ehoderagie 90 is
using t he phot omask 90 haV|ng nother 5 gl ass . '
subs Faﬂéf§F§édl§°n§Pee%éé&§ dflﬂﬁs@éaﬂltg &y. enlarging it,
and- repeat exposure using the hot omask 90 havi

snaIFEr depseipederbetped. FPA LhIS FEERES, ﬁ@geaﬁﬁardfull

f I d |
L bheRrothasing U53RE A5E, BRRY Pueka oon beviag & figther

t fil f
FXPORYEECh . 0e LBECk: pESLSl oLk MRk TOLRLAY, step-
thi ckgg- k@ﬁ@étr§§b65u2b|ﬁbéﬂg thalgﬁeeoﬁeeerng%avlng a
filmmy be forned re spécifically, the upper

re3|§hajgbﬂ1gayebespakgeu@ea by 15 the above-descri bed
nmet hod using near-field light. The Ilower resist film

may be pathethed hgtéiod,ehelirdielel ¢ighdr  setudddg as
using plasma) using the resultant resist pattern as a
maskde¥trhbetdi sbnethodNeam-faeddr dtlghtedisshopaidrepagating
which is resistant to an 20 etchant to be used to

pattend tRetbenefpysuvnpiuliga®de for exposure of the thick

resist film 95. 1In forming a thick resist pattern, for
example, a laminate of a thicker lower resist film and
thinner upper resist film may be formed. More
specificaliy, the upper resist film may be patterned by
the above-described method using near-field light. The
lower resist film may be patferned by dry etching
(e.g., dry etching using plasma) using the resultant
resist pattern as a mask. With this method, an
accurate resist pattern which is resistant to an
etchant to be used to pattern the continuous film 30
can be obtained.

In the above-described method, the resist pattern
ebtained by patterning the resist film 95 is used as
the etching mask. The resist pattern itself may be
used as the diffraction grating 30 or first portion 31.

As another forming method, the diffraction grating

30 can also be obtained by transferring (imprinting) a
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can be obtained. In the above-described nethod, the
resist pattern obtained by patterning the resist film
95 is used as the etching nask. The resist pattern
itself may be 25 used as the diffraction grating 30 or
first portion 31. As another form ng nethod, the
diffraction grating 30 can also be obtai ned by
transferring (inprinting) a 36 périodical pattern to
the insulating layer by using a nold. In the first and
second enbodi nents, the arrangenent is enployed which
can ®eddpcd dall Ipaddleam 3 oditdys aynsor atiqorigardc B using a
display 1 by using the organic EL elenents 40 to enit
IighF“%deifferent col ors. However, the organic EL

0 SPL2Y 1N SITL O 8 14 UGS CRPEBLE, O

orecul Sl O BN ST d 1o
T, S8R Bt i 8 G BT 5 RSP,

Al t erpatinel Yor, fedldneG@! Or Od't%[’lefi"rﬁﬂm dlfgfﬁeiﬁ]ffé‘%{rﬁke

by using the organic EL el enents 40

li ghttcardsa CRdWeved )V el FrdddileiEL I ddty [AtBf employ
case the diffraction grating 30 is preferably
ar r ange  rivemwesrerithe agagdr © FEmelcminad @il 4the Full-

col or conversion filter. Wen diffraction is caused in

t he wodochddmp llayghans et e xadve agavgl engtloydepe dertdesr

20 of the diffraction grating 30 need not be taken

i nt odrrangement for the organic EL display 1. For example,
full-color display may be implemented by using the
organic.EL elements 40 which emit white light and color
filters. Alternatively, full;color display may be
implemented by using the organic EL elements 40 which
emit blue light and a color conversion filter. In the
latter case the diffraction grating 30 is preferably
arranged between the organic EL element 40 and the
color conversion filter. When diffraction is caused in
the monochrome light state, the wavelength dependence
of the diffraction grating 30 need not be taken into
consideration. That is, the grating constant of the
diffraction grating 30 needs only be optimized only for
the wavelength before color conversion. The grating
constant of the diffraction grating 30 need not be
optimized for each color.

In the first and second embodiments, the organic

EL display 1 has been described as an example of a
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consideration. That is, the grating constant of the
diffraction grating 30 needs only be optim zed only

for the wavel ength before col or conversion. The
grating constant of the diffraction grating 30 need
not be 25 optimzed for each color. In the first and
second enbodi nents, the organic EL display 1 has been
descri bed as an exanple of a 373del f-em ssion optica
devi ce. However, the above- described techni que can

al so be applied to any other optical devices. For
exanpkd f —ehd ssiione opéscailbeld v itaec hnilgue vresy, e ea pydd d e
to a self-em ssion optical 5 device such as an

i || uReR&LiiEe dd&giche 1 angdicaino @dls cadprarriddsdarip any other
nodi ficatigons will readily occur to those skilled in'
the QPE1CPHeCENGCES  t KOT RFGMDIGh it PP Bresatrscribed

aspects.is not limted tq, t specific details and .
o LSRG Mt HR S Lh e Shi HES B poLical
her ej AccQrdingly, vari,ous di fications may be
naded%ﬁ%ﬁ%u%u gp%ﬁtﬁﬁgﬁﬁ%%ﬁﬁ gglgbi%%l%ﬁ'scope of

t he gener aly4: tive &Ko }Qgg t .
appended 3d§1&§%&€d1 t%hei rct_e _elssgjlne@ﬂt%_sc% %yﬁ_l%?ﬁ ‘ﬁ?r]sl

1. A@e_ﬁﬁti&g_a'oc@%\f' ¢Q AR SR fiif $ho\a¥egui dferefore,
| ayer in ich multiple-beam interference occurs; 5 a
secoptevaveguitdenl ayen tahibel Al & Backotsurieicged to

facing the first wavegui de |layer and a front
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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surface as a light output surface; and a diffraction
grating which is disposed on a back side of the
second wavegui de | ayer and faces the first 10
wavegui de | ayer, wherein a grating constant of the
diffraction grating is defined such that a
first-order diffracted |ight energes fromthe second
wavegui de layer, the first-ordé® diffracted |ight
bei ng generated when a 15 |ight conponent having a

hi ghest intensity of light which propagates in an
in-plane direction while caudidg I *ulSiple reflection
in the first wavegui de _|ayer enters the diffraction
grating. 2. The Gptical @éy16€ ECEGTdiTg X0 cl ai m 1,

20 wh t t of, the diffract.
rating Paleh PRIRCH PAngaIGr OTLA gAY AL 15

3. TQSt?EEE%@EchX'?Sr??cord'ng to c!a|n11 ~wherein

t he const an the diffraction grating falls

W thin a ra@%%o% ng%ég\%]?dteo 134 G cAS et U I£alack

devi ce conpri sing: t-emtting S enent
conpgsiisesca thenh %h%CE&QQ% wavaang%lqu@Qd%nha@lﬁ}ont
the front electroge IL 39 and a photo-active |ayer
i nt espegsedebatwaeniyhe bueput eheghredeaaad the back
el ectrode and including an emtting |ayer; a |ight
t ransm tt engiiffsalkcationg drayemgwwihdirhb icoridrspseseda drack back
surface facing the front el ectrode and
side of the second waveguide layer and faces the first

—beam

waveguide layer,

wherein a grating constant of the diffraction
grating is defined such that a first-order diffracted
light emerges from the second waveguide layer, the
first-order diffracted light being generated when a
light component having a highest intensity of light
which propagates in an in-plane direction while causing
multiple reflection in the first waveguide layer enters
the diffraction grating.

2. The optical device according to claim 1,
wherein the grating constant of the diffraction grating
falls within a range of 0.16 um to 1.15 um.

3. The optical device according to claim 1,
wherein the grating constant of the diffraction grating
falls within a range of 0.27 um to 0.47 um.

4., An optical device comprising:

a light-emitting element which comprises a front

electrode, a back electrode facing the front electrode,
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a front surface as a |light output surface; and a
diffraction grating which is disposed on a back side
of the insulating |ayer and faces the light- emtting
el enment, 10 wherein a grating constant of the
diffraction grating is defined such that a
first-order diffracted |ight enmerges fromthe
insulating layer, the first- ord@r diffracted |ight
bei ng generated when a |ight conponent having a

hi ghest intensity of light which is 15 emtted from
the Rhghe- phibtoragtéivemdayeand ngegpagatebetiveean the front
in-plane direction while causing nultiple reflection
on t Réepa&RAsi @gadofthehbacksgllgctrgdrapad iagladd nchan
dlffractlon grating. 5. The optical device according
to cPERMtANI283%R&rein t he grating constant of the

di ff t f II th f 0.1
$1ﬁéﬁﬁ?%$ A %@%&%ﬁ%eéﬁgﬁﬁﬁ

& Hasbel gk g@%&lgqr%g%%t% 3190, L8 GLLEAChi roqe and

s wthin a range

25 7o FR8nePLLEaL deuisCq éﬁg%kdbﬂQ L@ %h%&%b% and
further conprising, as the I'ight- eﬁlttlng el’enent, a

red |ight aeufitetrrae taloan®Ha twhic vnadnt S o ed dgila ¢h El back
40 green light-emtting el enment which emts green

| i ghtideand a8hbl W shilght ngMlklieRy atldeFarte swiheh 18/gHs-
blue Ilight, wherein the diffraction grating has a
gratemgtting element,

wherein a grating constant of the diffraction
grating is defined such that a first-order diffracted
light emerges from the insulating layer, the first-
order diffracted light being generated when a light
component having a highest intensity of light which is
emitted from the light-emitting element and propagates
in an in-plane direction while causing multiple
reflection on the back side of the insulating layer
enters the diffraction grating.

5. The optical device according to claim 4,
wherein the grating constant of the diffraction grating
falls within a range of 0.16 um to 1.15 um.

6. The optical device according to claim 4,
wherein the grating constant of the diffraction grating
falls within a range of 0.27 um to 0.47 um.

7. The optical device according to claim 4,
further comprising, as the light-emitting element, a

red light-emitting element which emits red light, a
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5 constant wwthin a range of 0.22 mto 1.15 mat a
portion facing the red light-emtting el enent, the
diffraction grating has a grating constant wthin a
range of 0.18 gmto 0.95 gmat a portion facing the
green light-emtting elenment, and 10 the diffraction
grating has a grating constant wthin a range of 0.16
umto 0.85j umat a portion f4€ing the blue
light-emtting elenent. 8. The optical device
according to claim4, further conprising, as the
||ghgr@ﬁnt&iﬁgteE@ﬁﬁh@ngaels@enédw ight eaditest igggen light,
el ement whjch emts red light, a green |light-emtting
el enBRE AhPéHeehipltgrBéttinghelemgnd whiChe emits blue
IlghL eH1tt|ng el ement which emts blue Iight,

wher et Fhe diffraction grating has a grating 20
constant within a ggf% Ot27 gmto.0.6 n1at a., .
portion f 4 eﬁﬁlph I|§ﬁF éﬁptﬁﬁiiﬁgﬁa a Heting

d'ffééﬁ%tgﬂﬁgaﬁkhﬁg gagiﬂagr%E'692%°Q§$a€B 1“ﬁ5h'qﬁaat a

range o at a'portion facin

greeﬁoktgsh GHEEB?n9h§| aanqagﬁ@de%EtEH%gdbﬁ%&é&k!on
grating has a grafing constant wthin a‘range of 0.19

gmto 0. 4¢ngmat faap@ibnolrafradighthalshe Riré® ing constant
light-emtting elenent. 41 9. The optical device

accowtithgint @ echagm 4£f Owhéreim tdelgpht ung onst@sntt Obn
the diffraction grating is defined such that an
i nci Beningnghe gtethelfighstemdtdengdieflemantted anidght
incident on the insulating |ayer
the dlffractlon grating has a grating constant
within a range of 0.16 um to 0.85 um at a portion
facing the blue light-emitting element.
8. The optical device according to claim 4,
further comprising, as the light-emitting element, a
red light—emitting element which emits red light, a
green light-emitting element which emits greén light,
and a blue light-emitting element which emits blue
light, |
wherein the diffraction grating has a grating
constant within a range of 0.27 um to 0.65 um at a
portion facing the red light-emitting element,
the diffraction grating has a grating constant
within a range of 0.21 um to 0.54 um at a portion
facing the green light-emitting element, and
the diffraction grating has a grating constant

within a range of 0.19 um to 0.47 um at a portion

facing the blue light-emitting element.
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5 is equal to or less than 10. 10. An organic EL

di spl ay conprising: an organic EL el enent which

conprises a front electrode, a back el ectrode facing

the front electrode, and an organic |ayer interposed
between the front 10 el ectrode and the back el ectrode

and including a light- emtting |layer; a |ight

transmitting insulating |ayer wAtch includes a back
surface facing the front electrode and a front

surface as a light output surface; and 15 a

di ffracti & gridts mgphitriadh des idies o ddma tracidl a i de

of the insulating |ayer and faces the organic EL '

el en¥heredRetdien 9xafiad feredastant &he K fdirratdan grating
grati,ng js .defined such that ,a first-order diffracted

20 | iléhfjegﬁ&e&e§%ﬁ$’t3ﬁe andacAEeng | s dirst-
order _diffra d Light .bein enerated when .a |i.ght.

o BRERE ARG eh o giade LrLanerd) Sy B aiRting laver
em {hedbram e (0r ganic chpehegent “and propagates in

a

n in-plane direction while causing nmultiple

reflectio 5 i t i | &t | ayer
25 Qg RAcK i Qﬁsglaf}.“%_ldmrs%r{&g y

enters the  diffraction grating. 1 _ gani c EL
di spl ay aegOrdiggilc0 mtl &l1Bmkht 4/ (M Rinb AN Jratf ieh ¢

constant of the diffraction grating falls within a
rangelett@ode,gm back &3ecttods? fatheorp@nifaddt electrode,

di splay according to claim 10, wherein the grating
conseant aof otrigendicf flegetri dmtgrabisegl between the front
electrode and the back electrode and including a light-
emitting layer;
a light transmitting insulating layer which
includes a back surface facing the front electrode and
a front surface as a light output surface; and
a diffraction grating which is disposed on a back
side of the insulating layer and faces the organic EL
element,
wherein a grating constant of the diffraction
grating is defined such that a first-order diffracted
light emerges from the insulating layer, the first-
order diffracted light being generated when a light
component having a highest intensity of light which is
emitted.from the organic EL element and propagates in
an in-plane direction while causing multiple reflection
on the back side of the insulating layer enters the
diffraction grating.

11. The organic EL display according to claim 10,
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5 falls within a range of 0.27 gmto 0.47 um 13. The
organi c EL display according to claim 10, further

conprising, as the organic EL elenment, a red organic

EL el ement which emts red light, a green organic EL

el ement which emts green light, and a blue 10 organic

EL el enent which emits blue light, wherein the

diffraction grating has a grati Ag constant within a

range of 0.22 gmto 1.15 gmat a portion facing the

red organic EL elenent, the diffraction grating has a

gr at Whgreonstheat grasingt konsgangngé ¢he0dig fgmcttd o Icating
gmat a_portion facing the green organic EL el enent,

and tRéldgi WiEBER 8nrgraei A§ Rad Sa yRatPny- Ednstiant

within a range of 0.16 %ﬁ1to 0.85 Mnat a portion ,

faci ng the<bl ud 6 QFFPOLEL B Sislayo G@CEprofhy drgamiatm 10,
EL dj splay according.to claim10, _further, conpri,sing, .
a5 HECER YOS T BhdnEnEoRa TREY Odr SaR EIEL TaRGrem Jrating
whi ¢ Lt s, li.g een,-0r,ganj L,el enent

wni ohegir BL5FSn, =Tiene? R0t ag (BRLE 2ned EF

el ement which @ﬁ%t%r%h%%c'hﬂhhﬁé%ié?ﬂ%@@d}&ﬂﬁa to claim 10,

diffraction grating has a grating nstant wthin a

rangeuethBr2éomprieifgfSagmtak drqRaill en bachRet,he red
red organic EL el enent, 43 the diffraction grating has

a gratryhgicoBst alktmewkt hhich eange @kd0.12Ghgm &0 e2h

pmat a portion facing the green organic EL el enent,

and thgaditf Eactilenegtawhighhasiasgouatkieng ldghst,anihd a blue
organic EL element which emits blue light,

wherein the diffraction grating has a grating
constant within a range of 0.22 um to 1.15 um at a
portion facing the red organic EL element,

the diffraction grating has a grating constant
within a range of 0.18 um to 0.95 um at a portion
facing the green organic EL element, and

the diffraction grating has a grating constant
within a range of 0.16 um to O.85l;zm at a portion
facing the blue organic EL element.

14, The organic EL display according to claim 10,
further comprising, as the organic EL element, a red
organic EL element which emits red light, a green
organic EL element which emits greén light, and a blue
organic EL element which emits blue light,

wherein the diffraction grating has a grating

constant within a range of 0.27 um to 0.65 um at a

portion facing the red organic EL element,
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5 wthin arange of 0.19 gmto 0.47 u mat a portion
facing the blue organic EL elenent. 15. The organic EL
di splay according to claim 10, wherein the grating
constant of the diffraction grating is defined such
that an incident angle of the first 10 order

diffracted light incident on the insulating layer is
equal to or less than 10. 16. THA& organi c EL display
according to claim10, wherein the diffraction

grating is arranged between the front el ectrode and
the insul &hengiifdyect ith prating degam grEtidigpiaystant
according to claim 10, further conprising a

ref | B&EhAg PayengghiéhOi-2lamanged)- oA & Maxk 3iRerbion

t he

ack el ectrode, wherein the back electrode has a

| i ght 3Er-RAsHPEt PE6SPr SFEPNYC £8. ctRBetganind EL
di spl ay ag ﬁpr%éggF%%ﬁﬁ%ﬁJP§} Zggﬁyrther COE£r|S|r¥£nt

a reflecti

o sharkelepbiode, vl Lheobagk, o1 sctd ode hes,

alig

Fafsftterng propérty

gratfaelhgtehaa ged B%%é%?% h@heﬁaﬁﬁn &l ectrode and

the refle

i ng ayer e organlc EL di spl ay

accordi ng1Q clrakeMokGanivhereidl shay RIWAH NG @Y ¥1aim lO
i ncludes a transparent substrate. 44 20. The organi c

EL dwhplkaynacher gragihg cbaisfah@, o fWeekeidl fifiiction grating
insul ating layer includes a transparent protective
fil ms2defThedosgahi thEt dnsphaydeatondioig tof dhai Mirst-

10,

order diffracted light incident on the insulating layer
is equal to or less than 10°.

16. The organié EL display according to claim 10,
wherein the diffraction grating is arranged between the
front electrode and the insulating layer.

17. The organic EL display according to claim 10,
further comprising a reflecting layer which is arranged
on a back side of the back electrode, wherein the back
electrode has a light transmitting property.

18. The organic EL display according to claim 10,
further comprising a reflecting layer which is arranged
on a back side of the back electrode, wherein the back
electrode has a light transmitting property, and the
diffraction grating is arranged between the back
electrode and the reflecting layer.

19. The organic EL display according to claim 10,
wherein the insulating layer includes a transparent

substrate.
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5 wherein the organic EL display is of active matrix
type. 22. An optical device conprising: a first
wavegui de | ayer in which Iight propagates; a second
wavegui de | ayer which includes a back 10 surface

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

whi ch is disposed on the back 4#de of the second
wavegui de | ayer and faces the first waveguide | ayer,

15 wherein a grating constant of the diffraction
grating i £0def iTihed ongetn itch L. ddtsal] avefacsmmdimopftd igjsim 10,
whi ch_energes fromthe first wavequi de | ayer and

ent eN8erepd §8eoAdsHAREGNIddE avaFelngd udes fr d@nsparent

surface of the second wavegui de |ayer is suppressed.
protective film.

21. The organic EL display according to claim 10,
wherein the organic EL display is of active matrix
type.

22. An optical device comprising:

a first waveguide layer in which light propagates;

a second waveguide layer which includes a back
surface facing the first waveguide layer and a front
surface as a light output sufface; and

a diffraction grating which is disposed on the
back side of the second waveguide layer and faces the
first waveguide layer,

wherein a grating constant of the diffraction
grating is defined such that total reflection of light
which emerges from the first waveguide layer and enters
the second waveguide layer on the front surface of the

second waveguide layer is suppressed.



