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1DESCRI PTI ON DISPLAY 5 Technical Field
Thelpgesentl|nxent|o?trelatfs tota dihpla

includes a light emtting el ement such as an organ

EL (electrolgn1nescent) el enent. Background Art 1oﬂmmmlmwmnmwml
Since organic EL displays are of self-emssion type,  *i50159*
they have a wi de view ng angle and a high response

speed. Further, they do not require a backlight, and

therefore, low profile and light weight are possi bl

For these reasons, the organic EL 15 displays are Tmmmmmmmmnmwml
attracting attention a5 fa disptay Bl ch Odlibstitute
the liquid crystal display. An organic EL el enent,
which is the main part of the organic EL displays,
includes a light transmttin el ectrode, a
light reflecting or |ight ZOq?%éééﬁgtti ng back

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

containing a |light em ttigng.ayel; ghgﬂprganlc EL

el ement is a charge-injection type light emtting

el enent wriheh peféstenit! 1ighte idhiem %l@t%cé M £HTMay Zehich

flows through the organic | ayer.
includes a light emitting element such as an organic EL

*G00002*

(electroluminescent) element.
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 profile and light weight
are possible. For these reasons, the organic EL
displays are attracting attention as a display which
substitutes the liquid crystal display.

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 elecﬁrode facing the front electrode,
and an organic iayer 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
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In order to display an inmage on an organic EL

display, it is necessary that light emtted fromits 2
emtting layer be output fromthe front el ectrode.
However, of the light travels toward the front side in
the el ement, the portion which travels in a w de-angle
direction is totally reflected on the interface of the
5 front electrode. For this reason, a great portion of
the light emtted by the organic |ayer cannot go out

of the organi.c EL % ement. As illustrated with the

or gafiid (L g SAVAF, DegOUPRfs FITWGh HEREN SLEAE Tose

a li Ltti 0 el,enent entail .the dr ack i ) .
whi ¢ %ﬁg’@é’ut 8%86%%%31‘3& iCEPReY SPYERE %ﬂb&né’o“r% side in

enitghggeq% it E% oL, +§ ffici.ent. Ln additiqn, .the
inventors o ré;?lhé prgs ﬁft %ﬁvgﬁfﬁgnFrngiﬁglt & 88.F%gngle

of aghirevikAgnt he RI2SANY, f%@!%%&%@nonh%%% fiouad dhat o the

the lum nous efficiency of 15 such a display is

gr eafflrpnitnblsencedely molr @hkY tRAscAUt GOWRRI portion of
efficiency of the light emtting elenent, = but also

ot hethkadtighs. eBisclkdsbre thk bRyantiiconaller saaho@bjRClout of
of the present invention to 20 increase the |um nous

ef fi éhenoygehia diLspllayewhi.ch includes an emitting

el ement such as organic EL elenment. According to the

first aspéét 1dflushadapessanth itheemrioemic Fér eiisplay,

provi ded_a display conprising 25 pixels _each of which
contQFﬁElQYFiéﬁtwéﬁpptﬁﬁﬁhepéﬁéﬁt as a light emitting

element entail the drawback in which the outcoupling
efficiency of the light emitting element is not
sufficient. In addition, the inventors of the present
invention, during the course of achieving the present
invention, 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 a display which
includes an emitting element such as organic EL
element.

According to the first aspect of the present
invention, there is provided a display comprising
pixels each of which contains a light emitting element
and which are arranged in a matrix form, a light

transmitting insulating layer which comprises a back



10

15

20

25

and which are arranged in a matrix form a |ight
transmtting insulating | ayer which conprises a back 3
surface facing the light emtting elenment and a front
surface as a light output surface, a beam condensi ng
el ement which is disposed on a back side of the
insul ating layer and increases a directivity of |ight
5 enmitted by the light emtting &l enent to make the
light incident on the insulating |ayer, and a
diffusi%% el enent which is disposed on a front side

[

of t RETIRREUITRGIRY Ithrerl 1t FaRidd ing iRl emedh taned a front
insul_ati.ng |ayer, .and output the djffused |light to an .
ext o RAT 250 B Fopiin® R RHTHE  heSRGRISNS Lng
aspect b NGRS ol vent on, thele 1 provi ded a

di spl'ay conprising piXxe eac

i ght AR | j r T A .
S St SOt WL Y 8 AL D o
whi cBrg@RRE $€S tAeb qci%;hfts Whii3Gq nfg?%'l'é%etnhce t:c% gﬁke the light

emtting elemént and a front surface as a

out ptihcsdeh&cen anhkeamseQRIeny NGyl e IMIiHFISing
di sposed on a back side of the insulating | ayer and

conveigesnki ghti camiitst ed sy skldie on2@ Ifirghit eyiidd id¥ the

el emrent to nmake the light incident on the insulating

| ayeinsandtangi fleysirng deélfdmerts iligbh ifsondit$heosetsudntaing
front side of the insulating |ayer, diffuses |ight

f r om-BHEri ndiPapuigutafde, daddusedplt ghttha cdisff ws@dernal
light to an external environnent. 25 According to the

t hi r Gn¥$peBMeBE -t he present

According to the second aspect of the present
invention, there is provided a display comprising
pixels each of which contains a light emitting element
and which are arranged in a matrix form, a light
transmitting insulating layer which comprises a back
surface facing the light emitting element and a front
surface as a light output surface, a beam-condensing
element which is disposed on a back side of the
insulating layer and converges light emitted by the
light emitting element to make the light incident on
the insulating layer, and a diffusing element which is
disposed on a front side of the insulating layer,
diffuses light from the insulating layer, and output
the diffused light to an external environment.

According to the third aspect of the present
invention, there is provided a display comprising a

light emitting element which comprises a front
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invention, there is provided a display conprising a

light emtting el enent which conprises a front 4

el ectrode, a back el ectrode facing the front

el ectrode, and a photo-active |ayer interposed

between the front and back el ectrodes and i ncl udi ng

an emtting layer, a |light transmtting insulating

| ayer which conprises a 5 back strface facing the

front electrode and a front surface as a |ight output
surface, a beam condensing elenment which is disposed

on aCH&EISe & Park glesiiredend Acdyer tad finenteslerctrode,
a directivity of light enmtted by the light emtting

el emBRE o PRS- VSRR YEF ilRdiSFaNs 86h Retereen the Tront
i nsul_at, Layer, .and, a diffusi el enent which i

di spgglgd%%r?ka)éﬁre&%troge&e a5¢ tllrfé:rl%icﬂéllﬂ &0 Y layer, a
di ff i .Qmt he .i lLat.i ng -l ayer, .and out put

the GirTtssa TioRE Fo A Srr et 12 shidnt UfiHises 2
AcCObAichg shie fahe rawihly a3Ree QO Lhe RERMand a front
invention, there is provided a display conprising a

l'i ghtuembkl ag el engnt \WiitphtCemRiHa3es & fe@-condensing
el ectrode, a back electrode facing the front

el ecededent ahdca Alotaspelsiede chayebadkt efipesedF the
between the front 20 and back el ectrodes and

i ncl ddsndaanngnilatiemg ahayencraalsieghta diarsmiittiityg of light
insul ating |ayer which conprises a back surface

f aci AGLEREAf Penthel déuhddemand iagf edemensurticace kas tdne light
l'ight output surface, a beam condensing el enment which

i s ditBfeseBtoRNathacknSidatangt Raves i asdl at idid fusyjien

and ggnverges Light em tted by the

ement which 1s disposed on a front side of the
insulating layer, diffuses light from the insulating
layer, and output the diffused light to an external
environment.

According to the fourth aspect of the present
invention, there is provided a display 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
and back electrodes 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, a beam-condensing
element which is disposed on a back side of the
insulating layer and converges light emitted by the
light emitting element to make the light incident on

the insulating layer, and a diffusing element which is



light emtting elenment to make the |ight incident on
the insulating layer, and a diffusing elenment which is
5 di sposed on a front side of the insulating | ayer,
diffuses light fromthe insulating |ayer, and output
the diffused light to an external environnent.
According to the fifth aspect of the present 5
invention, there is provided a d?splay conprising

pi xel s each of which includes a light emtting el enment
and a pixel switch and which is arranged in a matrix

f or m31&PGIsELSNG direentsivle @f ithediifsaded imy d Fweont
side of the light emtting elenment, diffuses input 10
| ghtd,lfgﬂf@eéullgﬁﬁ"tt o dd U lgHtindarddve megRd output

e B A, D R S i o

em tting éelement” a

noreases o ot W il LI emdied b the gy

emtting elenent to nake the I nci

I nsul; ak/l ; el I ef, J14t4 an Qf i I
5 1 nsuliakiR@ibayerneBld afs PescHiRld 9 disﬂ%ﬁ?ﬂﬁ%ﬁ?%%ééﬁf

is a plan view schematically show ng a

or gapigekls @iashl af aegendiing1tQdhe fiiight HARAINEY ement
of the present invention; 20 FIG 2 is™a cross

sect eonak piewlsehenahi eald whishowsna riddeqengam @ Eatrix
di splay shown in FIG 1; FIG 3 is a graph

i || userati agdtilfid usengt iedesleing whéttheds tdiepgsaid R a front
constant of the diffraction grating and the incident

angl 816f Phether ddobtdemiditingaetlemhens | dgHif usesan nput

inteitace between a transparent substrate
ight, and output the diffused light, and a beam-

10
condensing element which is disposed between the light
emitting element and the diffusing element and
increases a directivity of light emitted by the light
emitting element to make the light incident on the

15 insulating layer.

Brief Description of Drawings

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

20 FIG. 2 is a cross sectional view schematically
showing the organic EL display shown in FIG. 1;

FIG. 3 is a graph illustrating the relationship
between the grating constant of the diffraction grating
and the incident angle of the first-order diffracted

25 light on an interface between a transparent substrate
and an external environment, in the organic EL display

shown in FIG. 2; and
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and an external environnent, in the organic EL display
shown in FIG 2; and 6 FIG 4 is a cross sectiona

view schematically showing a portion of an organic EL
di spl ay according to the second enbodi nent of the
present invention. Best Mdde for Carrying Qut the

I nvention 5 Enbodi nents of the present invention wl|l
now be described with referenceto acconpanying

drawi ngs. The organic EL display will be described as
an exanple of the display which includes a Iight
emitting él&verdt 1s BFhranggisousteathiorddawiiays,s dtemattisal 1y
el enents which have 10 simlar or anal ogous functions
are §68WdRSt 8dPRYtiRe ofamd PeBanéfcElsWitsFlay anfarding to
repe%&tive expl%ggtion thereof will be omitted. FIG

1 i s 3°pPERCMFeRFOCRERENTc &L FienBRies§E parvientdnan

ic EL dj ' di the fi 1 .
cnbod ment oPSEhGURRESRE AGERENGnOuFl B1ep 1aH6RS 18P
of“the e G2 BHERS 8"
EL i spl g CRouR TG 1T Freas SRR S o

diSphéﬁc%ibédihh%ﬁtE@%%@e%%%ht%héEcbhiﬁgkggbaﬁrawin s. The

surface, that is, the front surface, s "downwar

and bhgabhaeker2@ispnbgceifiaces wpwWardpeth@ OLGARGHE e of
display 1 is a bottomem ssion type organic EL

di spkhy dhsphagnphaysd ancactdiege amatighk @miite ingetdiethent .
The organic EL display 1 includes a transparent
subsThaveghousutheadrawghgss stbrsttatelasleernars which have
insulating layer with light transm ssion property.
similar or analogous functions are designated by the
same reference symbols, and a repetitive explanation
thereof will be omitted.

FIG. 1 is a plan view schematically showing a part
of an organic EL display according to the first
empbodiment of the present invention. FIG. 2 shows a
cross sectional view schematically showing the organic
EL display shown in FIG. 1. 1In FIG. 2, the organic EL
display 1 is illustrated such that its display surface,
that is, the front surface, faces downward and the back
surface faces upward.

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

On the transparent substrate 10, pixels are

arranged in a matrix form. Each pixel includes, for
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On the transparent substrate 10, pixels are arranged
ina mtrix form Each pixel includes, for 7 exanple,
an element control circuit 20, an output switch SW
an organic EL el enment 40, which are connected in
series between a pair of power source termnals Vdd
and Vss, and a pixel switch ST. The 5 control term na
of the elenent control circuit 20 is connected to a
video signal line (not shown) via the pixel swtch.
The el ement control circuit 20 outputs a current,

whi cBxBap le , magnietlede ncocrespoidicig cud ta 20, dem  ositgudl
supplied fromthe video signal line driving 10 circuit
XDR EME-6G8§h Sthe api @egagiigndll kilpgextadd t Waichi rele
switch ST to the organic EL el ement 40. The contro

t er nFRANEGF efhd NpSRER eSWPEENSST Bs P@dinedt Bgwes sgurce

i gnal _li Y2, d the OFF oper at,i on ther eof
TS COREPOPPAG NAGAGBGr dafce ROt R R1¥ean Seiigha ST.  1he

SREPHRRSAS LRSS Wil R B o

ter nkRahettelingo 3“&9@%00%@§%§ht%gk%ﬁﬁeéglgﬁo%gﬂn%ﬁge%he

to a scan signal line Y1, oper ati on

ther gokellssGORERY! | @de kNeARRRr dBRESOWM Lh r&2uS¢AB0 cutputs a

signal supplied fromthe scan 20 signal line driving

ci rcaukr¥bR, t hhewghhtle asaagnsigaal colirB@p¥hdiNet €0 a video

that other structures can be enployed for the pixels.
On t hegsebsbnppéitd, fasmanhendedeoatibayer 112e Heiving
exanple, an SiNx |layer and an Si Ox | ayer are arranged
25 i airhbstoKBBr thAcsghi tbrdudter lsagerllliskck amdathe

pixel switch ST to the organic EL element 40. The

control terminal of the pixel switch ST is connected to
a scan signal line Y2, and the ON/OFF operation thereof
is controlled in accordance with a scan signal supplied
from the scan signal line driving circuit YDR through
the scan signal line Y2. The control terminal of the
output control switch SW is connected to a scan signal
line Y1, and the ON/OFF operation thereof is controlled
in accordance with a scan signal supplied from the scan
signal line driving circuit YDR through the scan signal
line Y1. Note that other structures can be employed
for the pixels.

On the substrate 10, as an undercoat layer 12, for
example, an SiNy layer and an SiOyx layer are arranged
in this order. A semiconductor layer 13 such as a
polysilicon layer in which a channel, source and drain

are formed, a gate insulator 14 which can be formed
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polysilicon layer in which a channel, source and drain
are fornmed, a gate insulator 14 which can be forned 8
with use of, for exanple, TEGCS (tetraethyel
orthosilicate), and a gate el ectrode 15 nade of, for
exanple, MoW are arranged in this order on the
undercoat |ayer 12, and these Iagers forma top gate 5
type thin filmtransistor (referfed to as a TFT
hereinafter). In this exanple, the TFTs are used as
TFTs of the pixel switch ST, output switch SWand

el en#¥itheoife (ﬂfrciﬁ%ruietxazwqururm&é‘"? (toatnanthyeme

[ | at 14,, signal lines (not shown) which can

10" b H e i bile SHHD St e WA A iméTagdaq ot for
| ect 5 rranged. An jnterlayer insulati

f et Bl e it SOCH GF IS deboatt oc

b I , 4.8 t at e

i %sﬁlugtd%?z%fqgrgg%g 2%2’5 % deg:tr ) e%%??er}:fogfoc ghd-op gate-
drai ByRle¢hi0des 197l 138 s i T ANYEL AL NE d NES | 2¥EFT

insulating film17, and they are buried in a

passheatii@n fid:m. 18 1rade i6f o o1 X AW rt Mee TEd as
source and drain electrodes 21 have a three-|ayer

St r uCEFTse odf thieop iseanmaha.t dv/sAl,/ Mutpaid B tch SW and

el ectrically connected to the source and drain of the

TFT eilamantorcoadct ciolcd fourine®@G.n  tthe tilrirer layethe gate
insulating film217. Further, on the interlayer

i nsulasiuAg toirl hi17 sornded ggiagndlindsnesiox wicn )carhibzh can
fornmed in the same step as that for the source and 25

dr ai Reefe&teddds 2heasamer saegeds that for the gate

electrode 15 are arranged.

An interlayer insulating film 17 made of, for
example, SiOy which is deposited by a plasma CVD
method, is arranged on the gate insulator 14 and gate
electrode 15. Source and drain electrodes Zi are
arranged on the interlayer insulating film 17, and they
are buried in a passivation film 18 made of, for
example, SiNy. The source and drain electrodes 21 have
a three-layer structure of, for example, Mo/Al/Mo, and
electrically connected to the source and drain of the
TFT via a contact hole formed in the interlayer
insulating film 17. Further, on the interlayer
insulating film 17, video signal lines X which can be
formed in the same step as that for the source and
drain electrodes 21 are arranged.

A beam-condensing element is arranged on the

passivation film 18. As an example, a diffraction
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A beam condensing el enent is arranged on the

passivation film 18. As an exanple, a diffraction 9
grating 30 is used as the beam condensi ng el enent.
Further, as a exanple, the diffraction grating 30 used
here has a structure in which a predeterm ned pattern

of recess is forned on the surface on the side of the

5 first waveguide, that is, the Surface which is in
contact with the organic EL elenment 40, and it is made

of a material having optical properties different from

t hos@ reft itnge 30 st wseeregus ddnd dopeim-deorddrie rhparement .
condensi ng el enent 30, an organic insulating nmateri al

10 sdertdemegissta exap@lE, nitde chrf fomaiseh dHeeting 30 used
pattern formed on the surface of the diffraction

gr at NFF 3G aGaR & uGdsirgndar W ivdy isolpy afkgyie drHoladlipaftern
strip and Iatticeséﬁslternativegy, the diffraction

gr at °ig "56°S6séd Herdssathife & fase ¢re the vHide of the

thou%ﬁrg%l%%v%ég%%ﬁgs%%éigﬁﬁﬁgiﬁ%gEFE ak%véggch is in

i nsul"ating Tay

Stru%%%&%ckn%ﬁ%%iQ%e344#€%€ %g%%ﬁ@%éﬂ% .CQH%$§#QQS made

hol es or recesses are a second "por

whi cb f ial s tlehe anecassey %btikgﬁoﬁy%ﬂﬁﬁqﬁﬁgwaﬂ?¥%féﬁt from

the first portion and differs 20 in properties

fromchbeef bfstheoftirer FhveghhiRudhl Rl es pfi e beam-
conmuni cate with the drain el ectrodes 21 are fornmed

i n t benpassiiviat edemknttm3d8 and orijae ikeamseardans Rhterial

el ement 30. Front electrodes 41 with |ight

t r ansacssiasn r25iptoper py ladeijdex tapobed usrd.he The pattern

diffraction grating 30
formed on the surface of the diffraction grating 30 can
be designed in various ways including stripes and
lattices. Alternatively, the diffraction grating 30
used here may have a structure in which though holes or
recesses are formed in the insulating layer. For
example, it may have a structure including a first
portion in which though holes or recesses are formed
and a second portion which fills the recesses or
through holes formed in the first portion and differs
in optical properties from the first portion 31.
Through holes which communicate with the drain
electrodes 21 are formed in the passivation film 18 and
the beam-condensing element 30.

Front electrodes 41 with light transmission

property are juxtaposed on the diffraction grating 30

and spaced apart from one another. In this example,

the front electrodes 41 are anodes and are made of, for
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and spaced apart fromone another. In this exanple,

the front electrodes 41 are anodes and are nmade of,

for 10 exanple, a transparent conductive oxide such as
ITO (indiumtin oxide). Each front electrode 41 is
electrically connected to the drain electrode 21 via a

t hrough hole fornmed in the passivation film 18 and the
5 diffraction grating 30. FurthéO, a partition
insulating layer 50 is arranged on the diffraction
grating 30. The partition insulating |layer 50 is

pr ovieda@dnpdiet/h & irsugtpahwdres atndydsitd anside such as ITO
corresponding to the front el ectrodes 41. 10 The

par t i ti"eH UrhSdinataig e )ay erEsh iforftore loctmuds & is
organi.c insul ating |ayer, and can be fornmed wi th use

of &S HdgFapiEdtechdiqudie Araie deatimtef2l via a

the fraont el ectro 41 which is exposed to the inside
of t FEEB UG ol 0 5 e Ei5 AR ort HaSuhiaeh i and. the

| ayer,.5Q, .organic .l a 42 which includes a |ight
enitFﬁ%%rﬁg§59n4§§a%§15¥?%hged. The emitting | ayer

422 i's 2 Gyt m.oont a1 0g, 3 - d T GRE e, Of G £,

conmpound whi ch can generate a co f'or* exa

red, agire@Redr obl ¥ee TNE QAN |A%RN D A2 © "
further contain |ayers other fhaﬁﬁihéjﬁfght ?&%ﬁ%%ﬁfltlon

| ayeiné2aatkoly e@xgen! 0 tike paicgamiee hatel 9ok holes at
further contain a buffer layer 42b which serves to

medi gbe ithenisnjcectrieaponid ipasitiol t@ehdres tf rQ@dthe ddont] .

el ectrode 41 into the emtting | ayer 42a. The organic

25 | &per paztégaohuiniserl acdmigailaya rhéloe itsr, arfspordsang e, an
layegiganic insulating layer, and can'be formed with use of
a photolithography technique.

On the portion of the front electrode 41 which is
exposed to the inside of the through hole of the
partitiqn insulating layer 50, an organic layer 42
which includes a light emitting layer 42a is arranged.
The emitting layer 42a is a thin film containing a
luminescent organic compound which can generate a color
of, for example, red, green or blue. The organic layer
42 can further contain layers other than the light
emitting layer 42a. For example, the organic layer 42
can further contain a buffer layer 42b which serves to
mediate the injection of positive holes from the front
electrode 41 into the emitting layer 42a. The organic
layer 42 can further contain a hole transporting layer,

a hole blocking layer, an electron transporting layer,

an electron injection layer, etc.
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a hol e bl ocking layer, an electron transporting |ayer,

an electron injection |ayer, etc. 11 A back el ectrode

43 with light-reflection property is arranged on the
partition insulating |layer 50 and organic |ayer 42.

In this exanple, the back el ectrode 43 is a cathode

which is continuously formed and common 5 to al

pi xel s. The back electrode 43 islelectrically

connected to the electrode wiring, the el ectrode

wiring being forned on the |ayer on which video

signal |iAedaxk arledtogoded,4viva th ddathactrefollesct(inot property
shown) forned in the passivation film 18, the
beam80AIEASTIRE EPefbft P3@ Lid ignd ke Lgdrnia ilayer 50 and

i nsul atin I%yer 50.. Each organic EL_ el enent 40

i ncl Bagéngﬁe PYERL €l ectPodd 181 eX8F§afsi-c theapacki® lgsfrode
back

| ectrode, 43.. No hat the qrgani ¢ EL disp]a
ohondS] ReHR s el Shich 3, HoReaREdlsdy g i Bpd common
b f acl t he 5.back el ectrode 43,. and a_ .
Soar PR Ty B s e RB TR SEaCArBRG (e ISaA R oAl Ly
f ot f L rat i C v
of L BEpRELage ol cHaoe13RRLAR SUDTHLE! SMNSAJARER viring
encl psedgspaefets ochotAed 1 sbet-wegn  Hhenbagk el %QEﬁ%ﬁE&ines X

43 and sealing substrate. 20 This space can be fille
W t harkofoexafpl &iaaanebheag@sholseChnas Ahdg@dsS FHordded in

inert gas such as N2 gas. The organic EL display 1
furtbhee paekidesian diflfudiBngtakebeam-eonaRneurel «lict@nt 30
of the transparent substrate 10, that is, on the
frongndj ghe peréitasnaAan2slexangl éayarl S@ht - Seatt enigagpic EL
| ayer 60 is used as the
element 40 includes the front electrode 41, organic
layer 42 and back electrode 43.

Note that the organic EL display 1 shown in FIG. 2
usually further includes a sealing substrate facing the
back electrode 43, and a sealing layer (not shown)
formed along the periphery of the surface of the
sealing substrate which faces back electrode 43, and
with this structure, an enclosed space is formed
between the back electrode 43 and sealing substrate.
This space can be filled with, for example, a noble gas
such as Ar gas or an inert gas such as Ny gas.

The organic EL display 1 further includes a
diffusing element on an outer side of the transparent
substrate 10, that is, on the front side. Here, as an
example, a light-scattering layer 60 is used as the

diffusing element.

A polarizer may be arranged between the



di ffusing elenent. A polarizer nmay be arranged between

the 12 transparent substrate 10 and the

light-scattering layer 60. An ND (neutral density)

filter may be arranged on the light scattering | ayer

60. The present inventors conducted intensive 5

researches to increase the [ um nous efficiency of

organi ¢ EL displays, and have faand the fol | ow ng

facts. The lum nous efficiency of an organic EL

display 1is greatly influenced not only by the

out couphispg ré@tefslibsiteaty A0 thel ahgaliighklseler@iting layer
but al so by sone other factors. Mre specifically,

even®0f | AghiDcdneé radudpais itiyomfan tergawmiyc bEL arranged on
elenment at a high efficiency, the [um nous efficiency

of thE8Soldghitc SERtEREPNEY LlayRiotObe i ncreased to a
sufficien% | evel as long as 15 |ight cannot be out put

at a hi gh [0Ff PLESREY fNERNEONSi G cuckrshilntiengive

I nsul.atin ayer arranged on,th front side of the
orgaﬁ?geégcéﬁénﬁﬁt}nFﬁg8ﬁﬁthﬁoiH§}n°Pﬁ §fderiegey of

i ncr - hexk umi fficie of. th rgani.c EL

i sprag e rL RaBEaE, PR Cr kiR, 5 e

the khght . incident on the light transmtting

insulating layer frombeing totally reflected on an

i nterfaceThet waeAnbhie kirght ibhaRsEift NG ryRsYl-aENGisplay

| ayer and an external environnent, typically the

at nosphereatThatnfSuehtetisSnbEpehlgnbyt ehsuppEessplihaly

25 the light output fromthe first wavegui de | ayer,

whi cafficiency of the organic EL element, but also by some

other factors. More specifically, even if light can be
output from an organic EL element at a high efficiency,
the luminous efficiency of the organic EL display
cannot be increased to a sufficient level as long as
light cannot be output at a high efficiency from a
light transmitting insulating layer arranged on the
front side of the organic EL element. In other words,
in order to increase the luminous efficiency of the
organic EL display, it is necessary to sufficiently
prevent the light incident on the light transmitting
insqlating layer from being totally reflected on an
interface between the light transmitting insulating
layer and an external environment, typically the
atmosphere. That is, it is important to suppress that
the light output from the first waveguide layer, which
is the laminate of the front electrode 41 and organic

layer 42 in this example, and entered into the second
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is the lam nate of the front el ectrode 41 and organic
layer 42 in this exanple, and entered into the second
13 wavegui de layer, which is a light transmtting

i nsul ating |layer such as the substrate 10 in this
exanple, is totally reflected by the |ight outputting
surface of the second waveguide |ayer. 5 According to
the researches made by the presédt inventors, it has
been found that in order to sufficiently prevent the
light entered into the light transmtting insulating
| ayeWaveginibe Agveat aWihyichr éfsl ectléghyy tirae smitterifrace
between the light 10 transmtting insulating |ayer and
t he eREEARELNJeARYESNHREGD, ashéhs @h!tbsgar@medglwe iraddris

incident on the i transm tting insulating | ayer

at aﬁx§W§ﬁ§’edﬁaF°tggE§rr chéﬁdtﬁﬁwﬁﬁﬁa%ﬁQﬁﬁ tputting
angl e i.nterface bhetween the l.ight transmtting

i nsu 3?%ﬁ%glg&eﬁggngefﬁgdlgagfﬁgﬁﬁfll@% ironment, and

b n ! Lor Belidhitly 1S dedlle s ML WE X U PTILY prcsent

hi gh. More specifically, the I'rectl

shouk dvBgrerlancednta $UER &ounllehakthal, haidise of
the light scattering |ayer becones necessary in order

to aghifeveiansuhf bge@Bht2@ne eWighg ardle®ed Nriddahd 0 ight
enhance the directivity of the’light incident on the

| i ght rehansmitihigngnisnsukahigng ayleay row ble iwse teftaa ly

diffraction grating, it is necessary to set the

grat raglechstiably tbeaiwnéey fsorl betwaleme th25 INafhe t hat

the emtting |layer of the organic EL
transmitting insulating layer and the external
environment, the light should be made incident on the
light transmitting insulating layer at an angle equal
to or smaller than the critical angle at the interface
between the light transmitting insulating layer and the
external environment, and the directivity of the light
should be extremely high. More specifically, the
directivity of the light should be enhanced to such a
level that the use of the light scattering layer
becomes necessary in order to achieve a sufficient
viewing angle. In order to enhance the directivity of
the light incident on the light transmitting insulating
layer with use of a diffraction grating, it is
necessary to set the grating constant to a very small
value.

Note that the emitting layer of the organic EL

element emits light in all directions. Therefore, it

is originally not necessary to arrange a light



element emts light in all directions. Therefore, it
is originally not necessary to arrange a light 14
scattering layer to achieve a wide viewing angle in
organi ¢ EL di splays. Based on such a background, the
conventional organic EL displays do not use a |ight
scattering |layer or output light with a high 5

.directivity froma light transmitéting insulating |ayer.

arranged on an observer side with regard to the

organic EL elenent. Further, the present inventors

have statune rtithat 1ayelrt icpl @chdklecti endand imuitigplatigle in
interference, that is, 10 "multiple-beam

i nt epfr@renceTlneédphe ysonsBdered onTsechmal biagkerdoea, the
interference"” is an interference which occurs as sone

of IF@ﬁﬁeﬂﬁy§naﬁe0¢§9ééﬁeﬁﬁydﬂé@ﬂé&ﬁedo bettwaige a light
reflect|n ‘surfaces, that is, parallel plane- |ike
ref | 8ERIEH r%&ﬁféé¥§r 5 RUEPUS| é1BBENVILE el Sidhce
occur,s_in uch as _the | am nate of

t he F%éﬁ?téf’ég 568m4f l&ﬁgr o?ﬁ&ﬁ?&lllté};%&fg Apsugetipg layer

ligh he |
m%gc r?@%@@gé%ﬁxggsogg%galn %Igg anl F?géﬁﬁaﬁge%he organic

wher gasc@efnbght beam 20 which travels i n anot her
direction is weakened. In other words, the traveling
directionpgithle, | icght pwliseRt RHORAYBLES HaRe@Found that
i n-plane direction mhlPe repeatedly reflected between

bot hmt bpser Fagescetohhanbamunatplesinkegfbabdde, that is,
Therefore, of the lights which propagate in 25 the

10 in- pPanétdpleebeam whikefeepratédhygetebbeebadiidered. The

15

20

25

"multiple-beam interference" is an interference which
occurs as some of light fays are repeatedly reflected
between reflecting surfaces, that is, parallel plane-
like reflecting surfaces.

Multiple-beam interference occurs in a very thin
layer such as the laminate of the front electrode 41
and organic layer 42. Of the light 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. In
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
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t he above described | am nate, the light with the

maxi mumintensity is particularly. inportant to 15
effectively utilize in order to inprove the |um nous
efficiency of the organic EL display. FIG 3 is a
graph showi ng the rel ationship between the grating
constant of a diffraction grating 30 and 5 the
incident angle of the first-ordéb diffracted light on
an interface between a transparent substrate 10 and

an external environment obtained in the organic EL

di spPajeshowmlynuEi&ize. ipnorkies tiogumprowke thlsdivggaous
represents the grating constant of the diffraction 10
grat?ﬁé1§6enﬁﬁepéa§hﬁh@r6é6#§|ﬁétélﬁééﬁﬁsents t he

I nci dent e_of the fir rder dlffracted l'i ght
i nci dent ﬁ ‘hé Pt &r FEEE b en%t bt FdSidcamhip between

Shoni B St G b B Rl =0 LSRR RO eRg ca G 20 and
T URTS STRRTarTon o Rt RRnaee ToT CERY Phiieacstey Ligne

the §ronh §h§€§?9g§ ﬂét@@gnoégﬂggﬁsbg @5t4%uF@@§a%%th and

to 150 nm and the refractive in

was shtek@einBd. ehvitBamenthepeRgABHC 1 hayge %Qgé%l\&am
of a type which emts |ight having a wavel ength

530 dispFayt brownr ¢n aIgl ass SmbSthQEefm@&résedh@Sabsc1ssa
the transparent substrate 10, and the critical angle

for réerésghtswhhehgreaiebscbonandtt hé ektedddlfraction
envi ronnent éthe at nosphere) fromthe inside of the 25
trandpaFend slbsvhareasothasceerdipang. Bepresents the

incident angle of the first-order diffracted light
incident on the interface between the transparent
substrate 10 and the external environment.

The data shown in FIG. 3 are obtained by
performing a simulation under the following conditions.
That is, in this simulation, the thickness of the
laminate of the front electrode 41 and organic layer 42
was set to 150 nm, and the refractive index of the
laminate was set to 1.55. Further, the organic layer
42 was of a type which emits light having a wavelength
of 530 nm. Furthermore, a glass substrate was used as
the transparent substrate 10, and the critical angle
for the light which travels toward the external
environment (the atmosphere) from the insidelof the
transparent substrate 10 was set to 41.3°

Moreover, the multiple-beam interference in the

laminate of the front electrode 41 and the organic
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Moreover, the multiple-beaminterference in the
| am nate of the front electrode 41 and the organic 16
| ayer 42 is considered, and, of the lights which
propagate in the in-plane direction in the | am nate,
the light with the maximumintensity was used to
calculate the diffraction by the diffraction grating 5
30. More specifically, based onléhe 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 lhpmatrnéleist henkidhted) t Antlheoffaxheuinightenghtiyh
was supposed to travel in a direction which nmade an
anglerop@gete63n7thpt hnrpspoet divethéohi Eim shef deminate,
and the diffraction of the light by the diffraction
grat¥hg 369hhaylthl Ehpaledimpyr tREPNSELHcHashased to
direction O0-order diffracted lig

I
&égvﬁﬁ nghﬁﬁaeahanalfﬁéaca&PPragtEae|ﬁ@ﬁ?raﬁtéOH.gﬁéﬁlng
orde thag of . }? é 8 der iffrac edI
Sohry Uebe pfhotiRattyr  BESERLER" afbr HRREME AL
mas €ﬁ?§kg§5§daggr§ef@§ §99$“1h8e§'§% %p 'Ta& ga of the
CONnST ant Feater "t'Ran2abodt 1

gn] ID&thCWﬁﬁeﬁ p?@ﬁé&a@é thefibr sh- Eigﬁg g&&é%@ﬁ%ﬁdln the

i ght against the 20 I nterface betwee e transparent

substimi€add, apdet Deghexl;etRatn8MMbLORIRNE nk8n8qYgl wha
or greater than the “critical angle. Therefore, in

t hi ssggsesediheof trsteloifdes ditteaebpdwhight measnah Begle
utilized for display. In the case where the grating

constfiné3i 3’ imiah PE&spangetbr oheabolth iugfate,abadt the
0.2 gm the incident
iffraction of the light by the diffraction grating 30

was calculated. Further, since the traveling direction
of the O-order diffracted light was not changed and the
diffracted light of a higher order than that of the
first-order diffracted light was vefy weak, only the
first-order diffracted light was considered here.

As shown in FIG. 3, in the case where the grating
constant is greater than about 1 um, the incident
angle of the first-order diffracted light against the
interface between the transparent substrate 10 and the
external environment is equal to or greater than the
critical angle. Therefore, in this case, the first-
order diffracted light cannot be utilized for display.

In the case where the grating constant is in a
range from about 1 um to about 0.2 um, the incidenf

angle of the first-order diffracted light against the

interface between the transparent substrate 10 and the
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angle of the first-order diffracted |ight against the
i nterface between the transparent substrate 10 and the
17 external environment is smaller than the critica
angle. In particular, when the grating constant is set
in arange larger than 0.2 umand |less than 0.4 um
the incident angle can be reduced to an extrenely 5
smal | value. Wien the grating céastant is set to about
0.35 um the incident angle can be set to O . Note
that, in the case where the grating constant is |ess
t hane&begnad. 2nyHmroppenitnéisdeme largl sheh the critical
first- order diffracted_|ight against the interface 10
bet weBA 1€he tIPaﬁ’éb‘éﬂéHtla%bé’Ple&t Ehe09FAE Lnge coRSErRy 15 set

t t th th t |
ool 8% Thareps, S3E8R+ Rl Aheara LeS5, Haph 004 um,
diff t N t Wt lLized f d
desciPBed ot ik SRATE' B, B retfiar g v edbeeliny
of tgﬁaﬁﬂfEEFEE'onW%Eﬂtkﬂg g§a§§5§ gﬁgkankh set to about

i nci dent ang e first ract ed ht

agai psBst han) Ntk f age: het weshgtbecih a@épééenfeo
substrate 10 and the extern ? envi ronnent can be made

extrenel yNoseBlthatl,nihhitheCasee @hetrie thieghtrs tWcCronstant
propagate in 20 the filmsurface direction in the

| am hat @esnothanl gbotihe Ol 2ghtmw tihe t hec paxhtludhgle of the
intensity but also nost of the lights with a | ower

i nt efsirey-cadehade fdmacheddénghtangbénsmalicher intam faloe
critical angle. Therefore, a reat portion of the

| i ghbstrRENdERE sHanRpateatis pubshrazs ddbendatéel@xternal

which is a light transm tting |nsulat|n% o
environment is equal to Or greater than the critical

angle. Therefore, in this case, the first-order
diffracted light cannot be utilized for display.

As described, in the case where the grating
constant of the diffraction grating is very small, the
incident angle of the first-order diffracted light
against the interface between the transparent substrate
10 and the external environment can be made extremely
small. In this case, of the lights which propagate in
the film surface direction in the laminate, not only
the light with the maximum intensity but also most of
the lights with a lower intensity can have an incident
angle smaller than the critical angle. Therefore, a
great portion of the lights incident on the transparent
substrate 10, which is a light transmitting insulating
layer, can be output to the external environment. 1In

other words, according to the organic EL display, a
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| ayer, can be output to the external environnent. In
ot her words, according to the organic EL display, a 18
hi gh | um nous efficiency can be realized. Wth this
techni que, the directivity of the Iight output from
the transparent substrate 10 is significantly
enhanced as descri bed above. The 5 directivity of the
light can be freely changed wi tR8use of the Iight
scattering layer 60 in accordance with the usage of
the organic EL display 1. For exanple, in the case
wher 8ighe lormganius EIf fdicipinay Tairs besewailri z&cwbi | e
device such as a nobile tel ephone, the organic EL 10
di spl ay 1"$ndthised@iched aue hdhe & igers iwiigw mf the light
angl e it requires to have a bright display or a

but
|OM/88&BP% EGRBUAPET &5 2PPRErErdr ubssEatli 4 Gdrt i cul ar
- P I t i | 60 .which. h |
T onpioBi s AN IS BEREAIE: o2 HoaBd MR AR P B
handg ; kRt - h ' di_spl i
s 138yt Sasenthne L0 S B P U e

or gapkctkk l@bﬁ@l§Ea%t%§iﬁ%qqg§%%.%% RAVE R MR ce with the

viewi ng angle.” Therefore, for this particular usage,

a |igbageseat tRei Baghayer £60MRiceayhas aghi i i
scatter?ng 20 capagility may bg uged. Aggég%gﬁﬁﬂgf' in the
aboveasbywbatkputhengrbhght Bavidagpaaydilr et ivkieldy il s@ mobile
certain direction and adjusting the directivity with

t he #ieyhcesencherbng hapéle6Beilephaneqr daece raanld Ime,
usage, of the_el enent, the output 25 Iight can be

uti |f2eElaBré éffnererenyizrd thehetere wide viewing angle,

but it requires to have a bright display or a low power
consumption. Therefore, for this particular usage, a
light scattering layer 60 which has a low light
scattering capability may be used. On the other hand,
in the case where the organic EL display 1 is utilized
as a display for a stationary device, the organic EL
display 1 is required to have a wide viewing angle.
Therefore, for this particular usage, a light
scattering layer 60 which has a high light scattering
capability may be used.

As described above, by outputting light having a
directivity in a certain direction and adjusting the
directivity with the light scattering layer 60 in
accordance with the usage of the element, the output
light can be utilized more efficiently and therefore
the luminous efficiency can be further improved.

Next, the second embodiment of the present
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the lum nous efficiency can be further inproved.

Next, the second enbodi nent of the present 19

invention will be described. FIG 4 is a plan view
schematically showing the organic EL display

according to the second enbodi nent of the present
invention. In FIG 4, the organic EL 5 display 1 is
illustrated such that its frontl8urface faces upward
and the back surface faces downward. The organic EL
display 1 is a top em ssion type organic EL display.

Ther ehgeetionl wkélt be Hesstribenhodi ment, the substrate
10 need not have a light 10 transm ssion property. As
in the cafdGof 4t he fi pdeneniedi wehemadni cadiddersteating the
| ayer 12, TFTs, an interlayer insulating film_ 17 and

a pa§§995ﬁFoﬁLfﬁPﬁPiSYaﬁécpéﬁﬁﬁa 3] ﬁhﬁsséﬁééﬁ embOdlment
Cont act Poles are forned in a gate_insul ator he

15 i AteF ﬁyBFeFﬁ§GIéPWﬁ@tFPPn11¥naﬁéGthé pé§§|9§@@@ﬁc EL

el cCl#PERPFy " anAGGEEA PooEh 8 CuF 8 Cand i &R CoP “EHECS

TFT h
ol L S,
first por@h@”o%%aﬁﬁcaE@'HfrEQE@oﬁ 1%r%t%% %ﬁ%@%on type

arranged in this order I s exanpl e,
portbegarici sLf @i Bpdal,Q b@hb@beg&atednmhka thBe first
passivation film As the material of the reflecting

| ayeemBOdihentexahpl enbatiatal 10aheedahosudvasaas idht
can be used. Here, the reflection |ayer 70 has a
transmission property.

As in the case of the first embodiment, an

undercoat layer 12, TFTs, an interlayer insulating film

17 and a passivation film 18 are formed in this order.
Contact holes are formed in a gate insulator 14, the

interlayer insulating film 17 and the passivation film

18, and source and drain electrodes 21 are electrically

connected to the source and drain of the TFT via the

contact hole.

On the interlayer insulating film-17, a reflection

layer 70 and a first portion 31 of a diffraction

grating 30 are arranged in this order In this example,

the first portion 31 is formed to be integrated with

the passivation film. As the material of the

reflecting layer 70, for example, a metal material such

as Al can be used. Here, the reflection layer 70 has a

three-layer structure of Mo/Al/Mo so that it can be

formed in the same step as that for the source and
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three-layer structure of Mo/AI/M so that it can be
formed in the sane step as that for the source and 20
drain el ectrodes. Further, as the material of the
first portion 31, for exanple, an insulating materi al
such as Si N can be used. Recesses of the first portion
are filled with a 5 second portion 32 made of a |ight
transmtting insulating materi dP having a refractive
index different fromthat of the first portion 31,
such as a resist material. In other words, with this
st rubraie, elret rogdesact iFve thedex agartihes Matemiee of rute

portion 31 to 10 the second portion 32 at the
|nteFF5§§ BQFﬁééﬁ Phemt&% eXaBr@er 2nadd stiletieg material

regular, patter rmed on the interface. Back
eIecFP88e§S4§ &iFﬁnlgﬁhFSFPansn1SS|on property are

d t t 30 d
S pacod aparcerEsd o ik, Hla e B i A it
baCks@ESﬁHng§t%§n'§2aﬁaégog% gng r$%§n%m1%tln

transparent | nsul at i ng oxi de suc parti tl on

|nsuhﬁkhmgthﬁﬁeﬁaggribﬁ‘h@blh% %hégfrg%%gb'bggdeQ %g ferent
first enbodinment is formed on"the 20 first portion

of theodi thaacobiforher aiirB8 36rt9ant B, BAkhi @R @f ARS8 st
back el ectrode 43 which is exposed to a space in a

t hr oughehok. of Ihhethart wbirds, i Rsuhathiag skayetu?@, ahe

organi ¢ layer 42 which includes a light emtting

| ayerefipactévar indgadvasien fhemf thst f25senbodicdent 31 to
the second portion 32 at the interface between them as
a border, and further a regular pattern is formed on
the interface.

Back electrodes 43 with light transmission
property are arranged on the diffraction grating 30 and
are spaced apart from one another. 1In this example,
each back electrode 43 is an anode and is made of a
transparent insulating oxide such as ITO.

A partition insulating layer 50 similar to that
described in the first embodiment is formed on the
first portion 31 of the diffraction grating 30. On the
portion of the back electrode 43 which is exposed to a
space in a through hole of the partition insulating
layer 50, an organic layer 42 which includes a light
emitting layer 42a is arranged as in the first
embodiment.

A front electrode 41 with light-transmission

property is arranged on the partition insulating layer
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A front electrode 41 with |ight-transm ssion property

is arranged on the partition insulating |ayer 21 50

and organic layer 42. In this exanple, the front

el ectrode 41 is a cathode which is continuously forned

and common to all pixels. A transparent protective

film80 which is alight 5 transmtting insulating

layer and a light scattering |&yer 60 are arranged in

this order on the front electrode 41. The transparent

protective layer 80 inhibits, for exanple, the enter

of nBPsenfecrBRBATt hayesxdar nall nefilsosmanp lient ¢hend ront

organlc EL el enent 40 and 10 serves as a flattening

Iaye? legsrode ﬁétéﬁ|a|caﬁhpﬁ@ whighs gar €an tgngioastiv &€ ormed
0, a transp can be used. Further,

a
the ?P§n§B§P8HttBr8§chF§§ Payer 80 may enploy a

single Iaxer structur

pol ari zer “"'ma rang§FF§ ggoﬁgF&ég a%ﬁ@“l%kéﬁﬁﬁgﬁgﬁﬁ a‘ﬁlght
pr ot eeLh g fﬁllc@x% %Rlsﬁﬁgts.ﬂﬁall%l%@f aRGAL! 810 1R ering

urt arrange

||9hia$é§tB©rbBG Lay¥shgBA. lhnthag bl a%& erbedinent,, +

the ditfraction. grating 20 I'S arranged et ween

the ergaviedEL4el engpt ﬂ@aaegarbh@ braReReieRt layer 80
substrate 10 which is a light transmtting insulating

| ayeinhibats| sfoonekhrplepnthesedeeef oth@ocakgamet fidom the
el enent 40. In contrast, in the second enbodi nent,

t he ekféraeli envgratimagt3fnis R2heabraaged Betwlemente 40 and
organic EL el enent 40 and the
serves as a flattening layer. As the material of the
transparent protective layer 80, a transparent resin
can be used. Further, the transparent protective layer
80 may employ a single layer structure or multi-layer
structure.

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

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

reflecting layer 70, that is, on the back side of the

organic EL element 40. Even with this structure



reflecting layer 70, that is, on the back side of the
organic EL el enent 40. Even with this structure 22

enpl oyed in the second enbodi nent, substantially the
same effect as that of the first enbodi mrent can be
obtained. It should be noted that when the diffraction
5 grating 30 is arranged on the back side of the
organic EL elenment 40, a portid@ of the light emtted
by the organic EL elenent 4 is nade incident on the
light transmtting insulating | ayer w thout passing

t hr oggplotyled dinf fohac tsiecongr afribogli3@ntThenefametiially the
order to 10 diffract nore light beans, it is nore
advafit8§e6ds echags theatdiofff chet iféwsgr ambogliB@nghmalrd be
be arganged between the organic EL el enent 40 and the
|i ghPPERZREMitting insulating layer. In the first and
second enq%dinents, the 15 arrangenent of the

Zt ruct ur al* e PERMES B5r atE b tfa l(‘f’heEL t@iesﬁlatyfrf‘c&élr?“
ur al . o o . |
o oBEatapty S0y, HrpaRt sV BRR' Back S4B oR SR Arganic

30 npy, bBecpehanged Q?@W@%@o&thn%g%e}ggxi{ %E%%L%tbﬂsthe

film17 and the passivation fi ati'v

in tbegenganke EheflbskR! ayil sBOWNinkERGELG o4 th@elight
reflection layer 70 may be arranged between the

substrahemibtand theuﬂﬁtﬁhbaYQQeEnﬁﬂkﬁbhﬂgpaggﬁﬂblzhrough
and then the diffraction grating 30 nay be arranged

at thbhei diéffaceibet geenihbe30nt erhayefo2t,i naubatbierd to

film17 and the passivation film 18.
diffract more light beams, it is more advantageous that
the diffraction grating 30 should be arranged between
the organic EL element 40 and the light transmitting
insulating layer. '

In the first and second embodiments, the

arrangement of the structural elements of the organic
EL display 1 can be varied in many ways. For example,
in the organic EL display 1 shown in FIG. 2, the
diffraction grating 30 may be arranged between the
interlayer insulating film 17 and the passivation film
18. Alternatively, in the organic EL display 1 shown
in FIG. 4, the reflection layer 70 may be arranged
between the substrate 10 and the interlayer insulating
film 17, and then the diffraction grating 30 may be
arranged at the interface between the interlayer
insulating film 17 and the passivation film 18.

In the first and second embodiments, as the

diffraction grating 30, a one-dimensional lattice or a
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In the first and second enbodi nents, as the
diffraction grating 30, a one-dinensional lattice or a

A 23 two-dinensional lattice may be used. In order to
diffract nore light, the latter is nore advantageous.

In the first ands second enbodi nents, a

transm ssion-grating was used. Alternatively, a 5
reflection-grating may be used.ZFor exanple, the
diffraction grating 30 showmn in FIG 4 may be onmtted

and projections and recesses that forma diffraction

gr at tvig-Aayebsibtordedast iche mbyohe sgeldace Iof oeer to
reflection layer 70. 10 In the case where the

di f f faéfraatgharengigbt i fbrudestere iisi gigre advantageous.
transmtting rst, portion 31 and the second portions

32 which FP|FL€hélFé&e§§€§ FEared S Gt 2

por t i cal _properties second ortion

B Shearahhgsaprr grfsﬁener et Rasd - of Adretretpiveld
pprt¥8@l§ t§8n3%§ dmg OY&- usedSUféb aFQaqg the

first portion econd portions e ren

in afikeastr9BR gEaUlﬁ rghr é%wlelhn@% 4 may be omitted
transmttance an ctance Typically, the seco g

port iAASp23djshetbdsbanmmeeckisglls thamsFoltd RY AFE MRME on
20 a different refractive index fromthat of the first

portgpat3thg mhe bet formedr bacehef firbetr ecesadeorared Hen
the first portion 31 may be the surface of the first
portkefAl8ttion layemy7Be the surface of the underlying

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 above. 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

display 1 shown in FIG. 2 can be regarded to have such

a structure that the diffraction grating 30 serves as
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such
serv
part
port
here
of t
port
di ff
i nde
on t
stru
| aye

ayer of the first portion 31. Further, the organic
display 1 shown in FIG 2 can be regarded to have
a structure that the diffraction grating 30
es as 24 the first portion shown in FIG 7 and a
of the electrode 41 serves as the second
ions 32 showmn in FIG 7. The second portions 32,
, may be made of a materiak4different fromthat
he el ectrode 41 or 43. 5 At | east one of the first
ion 31 and second portions 32 included in the
ichet ifam sgr Mg o30 simyn Havd I -hilgleerd reefoesadt iofe the
x as conpared to that of a |ayer adjacent thereto
e e&itdedst dlhsesvganias the sleswist P4t iwnsh 3zhishown in
terference in the

re, the rmultiple-beam 10
Frloedt e 1o CRECEUBOGT 1oRs %8rg§ﬁ§@'E@%M(9ﬁuﬂade of a

40 WAL ASReth (B e S S5O0 BB A0 41 o a3,

sur f

forned to

t he
For
di ff
Cros
| owe
t he
rati
firs
wher

ace %rtli %E%’\r}:];%%% %ff tttf% q.iifrfsrta toiror:r}. ra3tl| 'quaﬁ?sé.csond

a rectangular cross section

suiace s0R2l Ntenfacs may the %&;%Q%%t Bpﬁgfﬁﬁy%a 30 may

exanpl e, the surface or Interface o

haekl anhdghkirnGe3Q 2Ry vehay@ek SisN@onpeeNaRednat of a
s section. In this case, diffraction light of a

Lagedenddanche easirkyoc20ngener aticd a¥ e¢oRpPareGriic EL
case of the rectangular cross section. The width

6 lefeniie 4Pece®d tand htilse sprajcéatrieon t hfeormBd iipd et am
t portion 31 may be about 1 : 1. In the case
entRELRTEORer 400 Shef lenerr dogaseghent ke side of the

organic EL element 40 with respect to the diffraction
grating 30 is promoted.

In the first and second embodiments, the surface
or interface of the diffraction grating 30 is formed to
have a rectangular cross section, but the surface or
interface may be of some other shape. For example, the
surface or interface of the diffraction grating 30 may
have a sine wave-shaped cross section. In this case,
diffraction light of a lower order can be easily
generated as compared to the case of the rectangular
cross section.

The width ratio of the recess and the projection
formed in the first portion 31 may be about 1 : 1. 1In
the case where the width ratio of the recess and the
projection formed in the first portion 31 is set to 1
2, the second-order diffracted light with high

intensity is generated, whereas in the case where the
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25 projection fornmed in the first portion 31 is set to

1 2, the second-order diffracted light with high

intensity is generated, whereas in the case where the

25 ratio is set to about 1 : 1, the first-order

diffracted light with high intensity is generated. In

the first and second enbodi nents, the diffraction

grating 30 is used as the beam @dndensi ng 5 el enent.

Al ternatively, sone other optical elenent may be

used. For exanple, in place of the diffraction

gr at ireg 1801 sa slegng carep thadvi:ng ,a téter (titnate-andeshiddf fracted
converging | enses are arranged may be used as the

beam! igbtd@idind iatheperiensitcy i g lgenfenadtedend second

enbodi nents, the light scattering layer 60 is used as

the diffusihdhs £ ang 19909 IR inenteR £ 1ihe ng

el emgnt. -may  enpl o Qe ther structure. For exa e,

'n t RETOPGERIETEL R &) oWt Sch a8 (e Peprrsiising
of t trat e roughened so _as {0 use

Che PosTHaRed BurFEbaTave e TP EEn Cafingd ‘Efoment may

sur f B%?us’éldt.er rﬂ%trj \égclaﬁpgcene, g.?letpﬁ.%rc%argfc t"ﬂ'e Q:iisﬂ‘.lraayction

shown in FIG 2, a su t ranspar ent

pr ot gekity @ gf i3lom 80 1Y ke FQUIReNed 0 ASudtudsed hghich
roughened surface as the |light scattering 20 surface.

Al t ecpatiereling ke sdisf us R rely@RNmaBbdarisddaPNhe beam-
whi ch does not utilize light scattering. For exanple,

i n pkaceeok inlye ellieglentscattering | ayer 60, a |ens

array having a structure in which diverging | enses

are arranded they fie sis eddassedmndlienfacsd imeref snetrite 1ight
scattering layer 60 is used as the diffusing element.
Alternatively, the diffusing element may employ some
other structure. For example, in the organic EL
display shown in FIG. 2, a surface of the substrate-2
may be roughened so as to use the roughened surface as
the light scattering surface. Alternatively, in the
organic EL display shown in FIG. 2, a surface of the
transparent protective film 80 may be roughened so as
to use the roughened surface as the light scattering
surface. Alternatively, the diffusing element may be
the one which does not utilize light scattering. For
example, in place of the light scattering layer 60, a
lens array having a structure in which diverging lenses
are arranged may be used as the diffusing element.

In the first and second embodiments, organic EL

elements 40 which emit light of different colors are

used and thus the organic EL display 1 employs a
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25 In the first and second enbodi nents, organic EL
el ements 40 which emt light of different colors are
used and thus the organic EL display 1 enploys a 26
structure by which a full-color imge can be
di spl ayed. Alternatively, the organic EL display 1

may enploy a structure by which a nonochromatic image
can be displayed. A fuII-coIorZﬁnage can be displ ayed
even in 5 the case where the organic EL display 1

enpl oys sone other structure. For exanple, in order
to dﬁ§5P§§uﬁﬁebeMPPC@oBoﬁuﬂﬁag@loérgaﬁQ@ Elare [bsnehitsplayed.
4.0 ich emt ght of white color and color filters
may B tﬁgeatlvmltverﬁéﬁ PERRN i By gdeblé vdils Jlayy el oy a

full -col 0 | ts 40 which enit
| oneorchpia bUofBs g Boter, ff%a%%@%r I e P amy

he ,I o] h
be ug?gpgggedt eA %h c%@%%s OUPS c%%e%%raléiqagg&“§ven in

t he tiron be arrangée

the QﬁgaebgeEQheQEegﬁgtoéﬁ aald &he  GQ 95 qn% q?% gome
fi racte

[ter. When the 15 nonochromatic lig

it |§tH@r|QBQQEtuBQCGS?éEye&@m@Q@S|Q%ro&@%ﬁM¥6ﬂd¥§Hﬂéy the
dependency of the diffraction grating 30.

speciEhiltakbyor meq&lZa&g@ﬁl@fELh%lgh%ht%g4©0WH¥%H e@fit
the diffraction grating 30 may be perforned only for

t he hagktenfit kh26ebebipe eaaborotomveEiditers aag e Sed.
not necessary to optimze the grating constant of the

di f f Rateroatiygedyi ngn30rfler &achiapdagvéhe dolldrcolor

Addi tional advantages and nodifications will readily
occut™M@@et hesgaskr| EedeilameRnésakl. wihehersid, light of blue

color and a color conversion filter may be used. 1In
the latter case, it is preferable that the diffraction
grating 30 should be arranged between the organic EL
element 40 and the color conversioﬁ filter. When the
monochromatic light is diffracted, it is no longer
necessary to consider the wavelength dependency of the
diffraction grating 30. More specifically,
optimization of the grating constant of the diffraction
grating 30 may be performed only for the wavelength
before color conversion, and it is not necessary to
optimize the grating constant of the diffraction
grating 30 for each and every color.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments

shown and described herein. Accordingly, various



25 the invention in its broader aspects is not limted
to the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various 27

nodi ficati ons may be nade w t hout departing fromthe
spirit or scope of the general inventive concept as
defined by the appended clains and their equival ents.

28 CLAI MS 1. A display cofprising: pixels each

of which contains a light emtting elenent and which
are arranged in a matrix form 5 a light transmtting

i nsukadiifg cegyien swimagh bec owplel s hautadesurtfiace from the
facing the light emttin el enent and a front surface
as aSPilght gt feersu pffa¢gl;e geheamlc dndendilvg elcommpt as
whi ch is disposed on a back side of the insulating

| ayePedAderh %ﬁfez}‘@@s aRPEOOGIC Ed@ilviSt e thieght esmittadgnts.
by the light emtting elenment to make the |ight
incident on the insulating Ilayer; and a diffusing

el ement which is disposed on a front side of the
insulating layer, diffuses light fromthe 15
insulating |ayer, and output the diffused |ight to an
external environnment. 2. A display conprising: pixels
each of which contains a light emtting elenment and
which are arranged in a matrix form 20 a |ight
transmtting insulating | ayer which
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conprises a back surface facing the light emtting
el ement and a front surface as a |light output surface;
a beam condensi ng el enent which is disposed on a back
side of the insulating | ayer and converges |ight 25
emtted by the light emtting elenment to nmake the
light incident on the insulating |ayer; and a
di ffusing el ement which is disp@8ed on a front 29 side
of the insulating layer, diffuses light fromthe
insul ating layer, and output the diffused Iight to an
external environnent. 3. Adilsptay Baodprising: 5 a
light emtting el enent which conprises a front
el ectrode,l.a Back stlect rasaeofiagingg the front
el ectrode,  and a photo-active |layer interposed =
bet ween t BE ¥FichteaGhPhatid & Qtdiess andh § et weimhgting
an em_ tting layer; a_light transmtting insulating
| ayeFl\?HHeé‘% PH % Siprals €5 S HFAR IS fide @ MAGTGE theyrm;
front electrad A d_.a fraont surface [

0

as a Jlight qutput
surface; & blé‘ ety et qjé}gljsa %p‘%éle
on ac.f (f!iszcélsd% fctlg']%drrfsalgeatf nl ele ANGHANY a\:scejﬁng
g d y he | i'g em {ting

a directivity o Ight emtted 1
15 ekemrahtt @nepke fhed igHrdncident 1aHhe yeput Ssurface;

insulating layer; and a diffusing el ement which
di sposed @n k& af-&tindesi sderPfe R thsiH iH NG | BYHSosed on a

diffuses light fromthe insulating |ayer, and out put

t he detkusedel ioghtthieo iazul2@ iext dravalr emd riotymidses a
directivity of light emitted by the light emitting
element to make the light incident on the insulating
layer; and

a diffusing element which is disposed on a front
side of the insulating layer, diffuses light from the
insulating layer, and output the diffused light to an
external environment.

2. A display comprising:

pixels each of which contains a light emitting
element and which are arranged in a matrix form;

a light transmitting insulating layer which
comprises a back surface facing the light emitting
element and a front surface as a light output surface;

a beam-condensing element which is disposed on a
back side of the insulating layer and converges light
emitted by the light emitting element to make the light

incident on the insulating layer; and

a diffusing element which is disposed on a front
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4. A display conprising: a light emtting el enent

whi ch conprises a front electrode, a back el ectrode
facing the front electrode, and a photo-active |ayer

i nterposed between the front 25 and back el ectrodes

and including an emtting layer; a light transmtting

i nsul ating |layer which conprises a back surface

facing the front electrode and 3@ a front surface as a

i ght output surface; a beam condensing el ement which

Is disposed on a back side of the insulating |ayer

and cdeercfesha dmsulatiined dyenhailfifyigeemitgtithgfrom the
el ement to make the [ight 5 incident on the insulating

| ayerlNSaH@ ta 1 flifaysitg a1 mariP uthitdte ikt ffiugssb el gt afo an
front side of the insulating layer, diffuses |ight

f r omSEHrE T s BTG M\ fer, and output the diffused
light to q? gﬁt.rng! envi ronment. 10 5. The displ ay
accor di ng to fﬁﬁf Bf HE L% 0 4, wherein the
light emttin 1S nic.EL element._ 6,
The di spl aay lg%chgér :elr};ﬁgrgttl&gaﬁe;heg%%atofﬁcﬁcgf n%or%rjt%esd“a front

wher eii dthe feea i t~ el
di ffract iton (%r aﬁ %%@?E‘F%%%fl&@got?%leflfgr%tnotla%nlye(:tr()de’

one @hdClaaipheth-alc® idre WS/ N e RSPV R LY Front

includes a light scattering surface. 8. The display
accoatidn@alck anycdivdefs enji Mhcludhd ard.emited @i 1dheer;

beam condensi ng el enment is di sposed

a light transmitting insulating layer which
comprises a back surface facing the front electrode and
a front surface as a light output surface;

a beam-condensing element which is disposed on a
back side of the insulating layer and increases a
directivity of light emitted by the light emitting
element to make the light incident on the insulating
layer; and

a diffusing element which is disposed on a front
side of the insulating layer, diffuses light from the
insulating layer, and output the diffused light to an
external environment.

4. A display 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
and back electrodes and including an emitting layer;

a light transmitting insulating layer which

comprises a back surface facing the front electrode and
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between the insulating |layer and the front el ectrode.

9. The display according to any one of clains 1 to 4,
further conprising a reflecting | ayer facing the back

el ectrode, wherein the beam condensing element is 25

di sposed between the insulating |ayer and the

reflecting layer. 10. The display according to claim

9, wherein the 31 beam condensi 8§ el enment is di sposed
between the back electrode and the reflecting |ayer.

11. The display according to any one of clains 1 to

4, wherfepntt baerifasel asi ag lligyhér cunputtdesirdake ;

transparent substrate. 12. The display according to

any one of &eamrsondensidg wHenent wheé dinsd stiismpsed on a

| ayer includes a transparent protective |layer.. 13.

The 8BRSHI &yd&ceér 8PRg lﬁéuélaﬁllﬁ% lgyex angp O\WéﬁeéQ@St Adght

di spl is .a v tr 14. A d

coonWitFSd BV %g iégﬁ oFm%ﬁ &ﬁglﬁéﬁﬁﬁé§ §°IW§WP Yhe light
en1t3 egke n% andna |¥e i.tch and which is

arrange rn-a PP F8 ﬁ]lfg A0PFf uPig el ement

which is di gpesed; 138 gusl;eng% w%'l%% qf tdq% S | opu@ front

emtting el enent nput ut

t he ghEEUéfdthbgQﬁsuﬁﬁg1%gb§§§b90ng@@%h@%sehgﬁﬁQtfrom the
which is disposed between the |ght emtting el ement

and theudatingi ngyde, ebﬁﬂeﬁhtgﬂﬂ kAer 8ag¢ssdd light to an
directivity of light emtted
external environment.

5. The display according to any one of claims 1
to 4, wherein the light emitting element is an organic
EL element.

6. The display according to any one of claims 1
to 4, wherein the beam-condensing element includes a
diffraction grating.

7. The display according to any one of claims 1
to 4, wherein the diffusing element includes a light
scattering surface.

8. The display according to any one of claims 1
to 4, wherein the beam-condensing element is disposed
between the insulating layer and the front electrode.

9. The display according to any one of claims 1
to 4, further comprising a reflecting layer facing the
back electrode, wherein the beam-condensing element is
disposed between the insulating layer and the
reflecting layer.

10. The display according to claim 9, wherein the
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the light emtting elenent to nmake the Iight incident
on the insulating |ayer.

31

beam-condensing element is disposed between the back
electrode and the reflecting layer.

11. The display according to any one of claims 1
to 4, wherein the insulating layer includes a
transparent substrate.

12. The display according to any one of claims 1
to 4, wherein the insulating layer includes a
transparent protective layer. .

13. The display according to claim 3 or 4,
wherein the display is an active matrix display.

14. A display comprising:

pixels each of which includes a light emitting
element and a pixel switch and which is arranged in a
matrix form;

a diffusing element which is disposed on a front
side of the light emitting element, diffuses input
light, and output the diffused light; and

a beam-condensing element which is disposed
between the light emitting element and the diffusing
element and increases a directivity of light emitted by
the light emitting element to make the light incident

on the insulating layer.



