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' jsavention relates to a display. Background
g&fﬁﬁyﬁgggorganic EL displays are of self-en?g§?ﬁﬁﬁm“nn

type, they have a wide viewing angle and a high-repose .-~

10 speed. In addition, they do not requ

irea _
e e LR e e o (N
di splays are attracting attention as a display which =esiee

substitutes the liquig erystag disp ayy 45 An organic .
EL el ement, which is the main part of the organic EL
di splays, includes a light-transmtting front
el ectrode, a light-reflecting or light transmtting
back el ectrode facing the froPtSElf&ctrode, and an
organic layer interposed between the electrodes 20

- and containing a light-emtting layer. The organic EL
8l ement i's a .charge-injegiiy Lype;Lhght-emtting
el ement which enmits |ight when an ellectric current
flows throdgk phesengaimeedtayer relbeeki gbtas e dtieg by
the organic EL element travels as natural light with
no 25 directivity to the &ackpdeurd Atte di spl ay

L a1 S ay EREPuase Tl b aiaeSF  Fhe 107 1993 ictuppion
NERRR ﬂyﬁd,|thé&'ﬁa%élilwﬂdé/viEhkﬁg angle and a high repose
10 -speed. In addition, they do noﬁ require a backlight,
and therefore, low-profile and lightweight are
possible. For these reasons, the organic EL displeys
are attracting attention as a display which substitutes
the liquid crystal display.

15 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 eieetrode_facing the'front electrode,
and an organic layer interposed between the electrodes

20 and containing a light-emitting layer. The organie EL
element_ie a.chargeFinjection type light-emitting
element—Whieh emits ‘light when an electric current
flows through the organic layer. The light emitted by
the organic EL element travels as natural light with no

25 . directivity to the outside of the display.through a
glass substrate, for example.

The organic EL display includes a multilayer film

A
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*G00002* WD 2006/ 035956 PCT/ JP2005/ 018223 2 formed on
a substrate. The light emtted by the light- emtting
| ayer causes nultiple-beaminterference in the

film Thus, |lumnous efficiency of th
gﬁ%%hg§¥§%d color purity of the light en1tte5C39QWﬁ@"§”

di spl ay depends on a structure of the nmultilayer film
Jpn. Pat. Appln. KOKAI Publication No. 11-288786

- di scl oses an organic EL el enent enpl oyi ng an optica
resonator, i.e., a mcro-cavity structure; In this
organi c EL el ement, an organic layer including a |ight

10 emitddmg bayer shsssandw chead bebweesni il 3cese 1ight-
~each of which has a high reflectance. In the

m cr o- Qmﬁnﬁypg sarect cresevmullie pleghéabheoms rdiwrened by the
the Ii emttin Iayer li_ght haV|ng a resonant

wavel q+lF§ereﬁh ced NYnd LMFGRPUR ST hif efFYothekhe
'mavelgﬁg&habsaﬁg @&ié%“ﬁﬁf?%y de£gf01$ Wheﬁt%%% bs Cthé

m cro-cavity structure’ I's-enpl o e organ

£L el enpptla9f dbpen@s ganiL st’ihc@h%@l 8y, tﬁé"@ndlltmlﬁ9b!§ £ilm.
efficiency of the display and the color purity of the

l'i ght em t theg-byat hehrp bpl dpKAGarubeisaghed izantlily 288786
i nproved. 20 However, the inventors have found in the

courséhﬁF’°§8ﬁ|§9|?@ﬁﬁqﬁf fre§effephvemioninhan, OPﬁlcal
{he caskdgbe, Lhe. N LLAGAYLLY B UCLIS S eTR! PUeS

for a ay, ' the f&?lomnng pr obf emcan occur
i's, thedgdinspl 8y cB&REQY, NG b&gaﬂherpawﬁ«ll;@rbel%{lﬂet Hr 8ight-

emts l'ight having 25 hlgh directivity. Thus
1ori ghteeddioh dadesplaysandwagbedi gat@e@arntrit;enflaaegeSeach
in reS:PQESC%Oth a hlgh reflectance. 1In the m1cro-cav1ty
-structure, of the light beams emitted by the light-
emitting layer, lighﬁ having a reéonant wavelength is
enhanced, énd light ha&ing any other wavelength is
15 attenuated.  Therefore, when the micro—éavity structure
is employed for the organic EL element of the organic
' EL display, the luminous efficiency of the display and
the color purity of the light emitted by the display
can be siénificantly improved.
.20 1 However, the inventors have found in the course of
| ‘achieving the present invention that, in.the case where
the micro-~cavity structure is employed for a display,
the follow1ng problem can occur. That is, the display
employing the micro-cavity structure emits light having
25 high directivity. Thus, the brightness of a display

image significantly changes in response to an

observation angle. 1In addition, an optical length of
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observation angle. In addition, an optical |ength of
WO 2006/ 035956 PCT/JP2005/018223 3 the micro-cavity
structure concerning the light traveling in an ‘

' prection is different froman optical |ength
g‘f‘aitoﬁﬂ&?nglér o-cavity structure concerning t hECT/i'ngH‘ls%lsm
traveling in the direction of the normal line 5 to
the mcro-cavity structure. Therefore, when the
di spl ay enploys the mcro-cavity structure,
chromaticity of a display inage changes in response to
t he observation angle. That is, when the mcro-cavity
structyteni &My dsﬁgacm_ee d Rl Ainbherg 1y 10
possibility that.a display quality Is significantly
| oner edavdl 564 QisUa@ 0b11gyendivsclvrobjsedl foérdrte from an
present invention to inprove a display quality of a
di spl aptéapl olsnfha ofi the-mhefeycavil ysistyectipee concerning
According.to an aspect of the present, i nvention, ,
Cher e ChE bt &t et VB Lapapt ay i rbraaiig aht | FAE iRy Tine
subst gt N . 1 ng [ at.|
SUbst Fat 6" BTSe S Tt SY pocsd betviser Che  hsul b o
subst Hakpl andedigle yseahe ngi deshesviand seagbreeapri sing a
m crocavity structure, wherein the mcrocavity
st rucecbrengbhprivesd a desplayimpdaydanggshan frefgranse to

I [ t he refl g I . .a ljght, _
|t or BOBCRP DRVt REOLBI | SEiTngt 1 abr anh (TR vLcy
25 m GEohcl 8YTss AP1ByLh T EUST Ok | A b acngrd g DAl f

mrror |ayer.

10 possibility that a display quality is significantly

lowered.
Disclosure of Invention
An object of the present invention to improve a

display quality of a display employing a micro-cavity

15 structure.

According to an aspect of the present invention,
there is provided a display'comprising an insulating
substrate, a sealing member facing the insulating

substrate, pixels interposed between the insulating

20 substrate and the sealing member and each comprising a

25

microca&ity structure, wherein the microcavity
structure comprises a reflectihg layer, a half mirror
layer facing the reflecting layer,‘and.a light source
interposed between the reflecting layer and-the half
mirror layer, and a diffusion layer facing the half

mirror layer.



WD 2006/ 035956 PCT/ JP2005/ 018223 4 Brief Description

of Drawings FIG 1 is a sectional view schematically

showi ng a display according to an enbodi nent of the
nvention; 5 FIG 2 is a partial cross

R{aoe{%?dg&r?sgk the display shown in FIG 1; FI GFCHIR2005418223

cross section schematically. showing an exanple of a

structure which can be enployed for the display of

FIGS. 2 and 3; 10 FIGS. 4 to 7 are sectional views

each schematically showi ng an exanple of a diffusion

| ayer which can be used for the display of FIGS. 1

and 2; FIG 8 is apgiadheshowbRgoAn, £XANR]i6 4ef

em ssion spectra of a display which omts a di f f usi on

| ayer fromrI&5 thes st rssetibeadf viwSSchkrandc2l1ll &holing a

i's a graph showi ng an exanple of emission spectra of

t he diddsPapysheaprdimortesanienpedzert] gf thej raseptaph

show n an exanple of a relationship between an .

obser VAUFBH*8RGI e and display 20 |uminance; FIG 11,

js a sect gaal i gw Shemabicalby. showing 2 dhsPhdolay

according to a nodifiéd exanple; FIGS. 12 and 13 are

secti agmawnviawsieacly schematically shovm ng anot her

exanple of a structure 25 which can be enployed for

t he di spl aflef FIGS.a Frpsg secrien sichematgcgddyi shaying an

Vi ew schemat i cgl |y show ng wglgrllsgalma)g acco&dl n

anot h&* Bt Ped? eXalisite s e emp_oyeg ES: the

display of FIGS. 2 and 3;

10 FIGS. 4 to 7‘are sectional views eaéh

schematically showing an example of a diffusion layer

whicﬁ can be used for the display of FIGS. 1 and 2;
FIG. 8 is a graph showing an example of emission

spectra of a display which omits a diffusion layer from

15 the structure of FIGS. 1 and 2;

FIG. 9 is a graph showing an example of emission
épectra of the display shown in FIGS. i and 2;

FIG. 10 is a graph showing an example of a
reiationship'betwéeﬁ an observation angle and display
20 luminance; -

FIG. 11 is a sectional view schematically showing
a display according to a modified example; 7

FIGS. 12 and 13 are sectional views each
schematically showing another example of a structure
25 which can be employed for the display of FIGS. 1 and 2;
FIG. 14 is a sectional view schematically showing

a display according to another modified example;



WD 2006/ 035956 PCT/JP2005/018223 5 . FIG 15 is a
sectional view schematically showing an exanple of a
structure which can be enployed for the display of -

IG 16 is a sectional view schemat
?@&O%S%g an exanple of a structure which cg{r%ﬁ osiorsans
enpl oyed for a part of pixels of the display shown in
FIGS. | and 2; FIG 17 is.a sectional view
schematically showing an exanpie .of a structure which
can be enployed- for another part of the pixels of the
display shown in 10 FIGS. 1 and 2; and FIG 18 is a
graph showrng. arns examplsecoiomal relat isenshiapibel Weathowing
t hi ckness of an optical adjustnent |ayer and order of
i nt er her exmeplien dthe caéseches evhd cir @ginnbeagmpldad Hgrathe
refractive index of 1.5 is used as 15 the opti cal
adj usfientay a%/ferFIGBeét‘} Mbde for Carryl ng Qut the
| nvent | on @Hcd difren sge[; £$§ Swe%t h'eﬂl\él%%%oﬂf "!Aomng

be descri ow in erence
@Ccomanykﬁgpww %g%trﬁbalﬁélrmur&f %@n@e BHPES P S fZ)Q a
denote the same or simlar constituent el enents

t hr oughotit of hei:rlaniofgs he amtspl ave pétovhi ve B8E8r i Pptarch 2;
thereof will be omitted. FIG 1 is a sectional_view
schenat i caFf§- shovishg éecH%g‘b?JayV%‘bogF@ieﬁﬁttlﬁaéky showing
errbodl r ti I

ooy sl ke d 1 B Sty g LNEN AR pE Grofoldy Fop

FI G 3nbshér GH8S FeGhie0BixSLhesmttnzaldi ¥ p3 RO RGmaNn
exanpl e of a structure which

10 FIGS. 1 and 2; and

FIG. 18 is a graph showing an example of a
relationship between thickness of an opticai adjustment
layer and order of interference in the case where a
resin layer having a refractive index of 1.5 is used as
15 the optlcal adjustment layer. |

Best Mode for Carrylng Out the Inventlon

An embodiment of the present invention will be
described below in detail with reference to the
accompanying draQings. The same reference numerals
20 denote the same or similar constituent elements
throughout the drawings, and a repetitive description
thereof will be omitted.

FIG. 1 is-é sectional view schematically showing a
display according to an embodiment of the present
25 invention. FIG. 2 is a partial cross section of -the
display shown in FIG. 1. FIG. 3 is a cross section

schematically showing an example of a structure which



WD 2006/ 035956 PCT/ JP2005/ 018223 6 can be enpl oyed
for the display of FIGS. 2 and 3. In FIGS 1 and 2,
the display is illustrated such that its display
WY oaGBsesk hat is, the front surface or the
,li‘ght-emtting surface, faces upwardly and PHEVRZALK013923
surface faces downwardly. The display 1 shown in FIGS.
1 and 2 is atop emssion organic EL col or display
enpl oyi ng an active matrix dri%ing nmet hod. The
organic EL display 1 includes an array substrate 2
and a-sealing nenber 3. . 10 The sealing nenber 3 is a
gl ass caubstrahg1dyed Ho: +BXaBPLS1 a Wk if1sSUBT 368 3. 1n
facing the array substrate 2 has ‘a recessed shape,
for e¥asplel dhe Arreye subplagt s 21 and daltedseath Nghat its
substrate_are joined together at eri pheri es thereof
by ne&dRsPéry $erfaseanpihet aéhegh%eg¥5“0ﬁuﬁﬁ?Fes@alt@%
as to.form an. encl osed ace__t herebetween. The
encl ottt Srats T R S RE ahetTay TR PBY G AT
g nert sgagas¥cha@ss NidvnR@en; gas or be evacuat ed.
Aseal i ng technique of filling the encl osed space 20
bet ween t hehar daypkubsit rsaben2iandithe Seald ngiseabesp 3
with a solid such as a resin may be utilized.
Al t er RREPTEPY, OZgRHITe ESe 8Pl A ArPiERY Bmpdoliihen sead dthigre
technique.in. . which an _organi g material | ayer, an
i norgg%EElﬁa?EﬁYiﬂgIWS}%Pg'or$5¢I%ﬁﬁ?ﬂﬁ%a%&fdtﬁ81%¥g%nic
25 matgeh dhel aYera AN et POLgani £ %re'aﬁlin%;_ &hpd S 3.
used instead of the glass substrate may be utillI zed,

‘1 or exanpflee sealing member 3 is a glass substrate in this

example, and its surface facing the array substrate 2
has a recessed shape, for example. The array substrate
2 and the sealing substrate are joined together at
peripheries thereof by means of, for example, adhesive
15 or frit seal sc as to form an enclosed space
thetebetween. The enclosed space is gastight and may
be filled with an inert gas such as ﬁitrogen gas or.be
evacuated. \
‘A-sealing technique of.filling the enclosed space
20 between the array substrate 2 and the sealing member 3
with a solid such as a resin may be utilized.
Alternatively, as the sealing member 3, a film sealing
technique in which an organic material layer, an
inorganic material layer, or a laminate of the organic
25 material layer and the inorganic material layer is used
instead of the glass substrate may be utilized, for

example.



WD 2006/ 035956 PCT/ JP2005/ 018223 7 The organic EL
display 1 may further include a. polarizer 4 on an
outernost surface on a front side of the display. The
a%/ % |s useful in preventing the dlsplax surface
rom reflecting extraneous light. 5 The arraytT/JP2005018223
substrate 2 includes an insulating substrate 10 such
as a glass substrate. On the insulating substrate 10,
pi xel s are arranged in a_natriﬁ form Each pixe
includes a pixel circuit and an-organic EL el ement
40. 10 The pixel circuit includes, for exanple, a

drive tra@ggsgfgaAQQOELSB9§?1a9nﬁtﬁg¥‘%&fEHErCQH&I&ée a

switch 20 “connected in ser he organic

el emepb140izoetaveenad patérnbsponerraadpphyat ershadisde of
and pixel switch (not shown). A gate of the drive
transitdeodisslas cOhreprédrykear the ysotal $ni préventing the
video signal line (not shown) |aid corres ondentLy

with ﬁ‘lEBFEW%‘TfE’t‘JﬁefrBi“xE?gleW%rﬁx\FéaPF nei 519t
soutputs a %Hgfaemaflgggg%ra@g £H<9' %39ﬁ9?§a{&

vi deo si gnal “supp rom eo signal Tine

the orsgaBteatd ¥ enent aéoavgaas?g) §1ﬂ%t®aﬂteut -contr ol
switch 20. A gate of the pixel switch is connected to
a scan sigﬁalth¢n@ﬁ@d@¢i990ﬁﬂpstr@ﬁ@Ibbrpéspéﬁd@n¢ly

with a row of the pixels. A switchin eratjon of
the pPESENGREtth A SeCaAKr SPFBA  BRFr Ecan %P@L‘éﬂ*es a pixel

suppl i.84 {5 P} %ns%%ai&g ?L Li%ﬁentz%'\bte that other
structures can nplroye or t pixels. On the
10 nsul ati ngragbsifent @1kuias iaB1UNES) et example, a drive
transistor (ndt shown) and an output control switch 20
connected in series with the organic EL element 40
between a pair of perr supply terminals, and pixel
switch (not shown). A gate of the drive transistor is
15 connected via the pixel switch to a video signal line
{not shown) laid correspondently with a column of the
-pixels. The drive transistor outputs a current, whose
magnitude corresponds to a video signal supplied from
the video signal line, to the organic EL element 40 via
20 the output control switch 20. A gate of the pixel
switch is connected to a scan signal line  (not shown)
laid correspondently with a row of the pixels. A
" switching operatioﬁ of the pixel switch is controlled
by a scan signal supplied from the scan signal line.
25 Note that other structures can be émployed for the

pixels.

On the insulating substrate 10, as an undercoat



WD 2006/ 035956 PCT/JP2005/018223 8 |ayer 12, for
exanple, an SiNx |layer and an Si Ox | ayer are forned
in this order. A sem conductor |ayer 13 such as.a
ilicon |ayer in which a channel, source and
Sﬁ%%ﬁagﬁggforned, a gate insulator 14 whi ch BQRJRpa05418223
formed with use of, for exanple, TEGS (tetraethyl
orthosilicate), and a gate el ectrode 15 nade of, for
exanpl e, MoW are arranged in this order on the
undercoat | ayer_ .12, and these |ayers forma top gate-

~type thin filmtransistor (referred to as a TFT 10
her ei nafter In._thi npl e,..theTETs a used. .

“the pﬁ?%?rs%&%c Isg%ggﬁF%Utéfé%Iﬁbﬁagaft%ﬁdd%aq;3%Véayer
transhstofo il tikekni8Nother gate Jdrsebatiortdd, 15880 13
signal lines which can be forned in the sane step as
t hat ®orcht he-gatd yeliédtrodeaddr dre wardcangedhardfe 1An source

interlayer insulating film17 nmade of, for_ exanple,

Si Ox RAPCATFE dESo<iPEBAIhy? 9Pt asifE UEFDOT bt higf ch can be

covers the.gate insul ato 4 d .gat e e .

Sour ceo s drth, ARUER ohet GRIMRIS: FeBlCltLOS e

i nt er Laygbsinsad@li nanhi hydde andtiey asenbssied idr

a 20 passivation film18 nade of, for exanple, SiNx.

The sgampee atbWr aire ekeetgedeisn Ihilsavedef oon edanpl e,

a three-layer structure of Mo/ A /M, and electrically

conne#EETERRt he¥sdurlde aRd BRI G erReTTET §i%PP gate-

contact holes formed in_the interlayer insulati film

.25 1 YPEU#¥ e X %ranSls 3 §&§e€%%§uF8t%ﬁg£fl m 17,

[8))

) Sh the~in
1o;/i deonsi-giahridMES (TROknhsBoMRInWE Chrcanrhe £pLMBshd s

he sane step as that for the source and drain
the pixel switch ST, output control switch and drive
transistor. Further, on the gate insulator 14, scan
signal lines which can be formed in the same step as
that for the gate electrode 15 are arranged.
15 An interlayer insulating film 17 ﬁade of, for
example, SiOy which is depcsited by a plasma CVD
method, covers the gate insulator 14 and gate electrode
15. Source and drain electrodes 16 are arranged on the
interlayer insulating film 17, and they are buried in a
20 passivation film 18 made of, for example, SiNg. The
source and drain electrodes 16 have, for example, a
three-layer structure of Mo/Al/Mo, and electrically
connected to the source and drain 6f the TET via
contact holes formed in the interlayer insulating film
.25 17. Further, on the interlayer insulatiﬁg film 17,
video signal lines (not shown) which can be formed in

the same step as that for the scurce and drain
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WD 2006/ 035956 PCT/JP2005/018223 9 el ectrodes 16 are
arranged. A flattening layer 19 is forned on the
passivation film18. On the-flattening | ayer 19,

[ | ectrodes 41 with light-reflection property
gvéﬁéﬁgé%éed spaced 5 apart from one anot her PCE#&R05/018223
first electrode 41 is connected to a drain el ectrode
16 via through-holes forned in the passivation film
18 and the flattening |ayer 19. The first el ectrode
41 is an anode in this 10 exanﬁ1e. As a material of
the first electrode 41, for exanmple, A, Ag, Au and
Cr capn, be used. partition insulating layer 50 is
place%ﬂ%é%EQé}s Hﬁ%ﬁf n%?ﬁf%&ﬁf@r 19. In the partition
i nsul ati ngy | 88t emfyg m%@zuglm hel esrae8 HRM PR @ssivation
posi-tions corresponding 15 to the first el ectrodes
41.. Thenpesti tdromhiensidatdemigng llayer 59, | Siast arlganirodes
insulating layer, for exanple, and can be formed by
usi ng4h PpHat dliiatogerapagt e dHPPGEEY ARS a¥Tanggchypepced

(or an_or ic layer) 42 including. 20 a .
| ght SRH T LA 1RVePPao8eT ©  Aatod (oA CeatRCFTIN 41 1o

el ect pogee dle MU LR 9S82 8XPORET 1R 18P3E8 tRrdllh-holes
t hrough-hol e of the partition insulating | ayer” 50. The

| i ght £emédd iirg dray ers420at sora filimn 18I bmd that&iattegiag
| um nescent organi c- conpound which can 25 generate,
for ekdrprel®red, green or blue light. The active

| ayer 42 can furt e%lin kg%% B%Igye%_%thﬁr t ha .ghe
|i ght - eni t 1o 1o #5607 Far examii®e 27PRE ALt T
example. As a material of the first electrode 41, for
example, Al, Ag, Au and Cr can be used.
A partition inSulating layer 50 is placed on the
flattening layer 19. In the partition insulating layer

50, through-holes. are formed at positions corresponding

15 to the first electrodes 41.. The partition insulating

layér 50 is an organic insulating layer, for example,
and can be formed by using a photolithography
technique.

An active layer (or an organic layer) 42 including

20 a light-emitting layer 420 is placed on each first

electrode 41 which is exposed to a space in the
"through-hole of the partition insulating layer 50.
The light-emitting layer 420 is a thin film

containing a luminescent organic compound which can

25 generate, for example, red, green or blue light. The

active layer 42 can further include a layer other than

the light-emitting layer 420. For example, the active



WO 2006/ 035956 PCT/JP2005/018223 10 | ayer 42 can
further include a hole transporting |ayer. 422, a hole
bl ocki ng | ayer 423, an electron transporting |ayer,

n injection |ayer 425, Dbuffer |ay
g@Eﬁ&ﬁg%églals of the layers other 5 than thsgnmngsmwzm
light-emtting |ayer 420 may be inorganic material or
organic material. The partition insulating |ayer 50
and the active layer 42 are coyered with a second
el ectrode 43 with light-transnission property. In
this exanple, the 10 second el ectrode 43 is a cathode
whi Chlé?elﬁoﬁ | Youskynef of ed, And %%ﬁ@oer&@sﬁélltmg layer
pi xel s e second electrode 43 is electrically
connegted 4 haAr eleckingelawdr np3,( aot edbowryn t he
el ectrode wiring being forned on the [|ayer on which-

t he videoseixgmalo Lenes, are $lr¢a®n 10D §CTECR ovR et 425,

e PATEEn Ty S ab 160e andit b i Poi BRE Vheafating®
| ayer ﬁgeot rogl%rhga@hetghgelﬂw 49 mbg}c}l)é'dﬁ%fd'!ﬁuc

first active | ayer 42 and” second
el ect hetder43. R0 Agdnfitusdosrisyer 60 is placed on the
second electrode. A variety of structures can be
enpl oyed fBre pirtidiifhusnenlibing ByerFpP@Sand gl active
are section Vi ews eac Schenatlcall show
Bt LS o QR i R e DR S R
the dﬁghg tpatn&ll@loﬁ ZreJhe df fhysi QQarl’lﬁ‘.V@r 0
shown t- transnmitting [ayer having
108 Mai BeSUhd acrotricele MS is a cathode which is continuously

(1]

formed and common to all pixels. The second electrode
43 is electrically connected to an electrode wiring
(not shown), the electrode wiring being formed on the
layer on which the video signal lines are formed, via
15 contact holes (not shown) formed in the passivation
film 18; the flattening layer 19, and the partition
| insulating layer.SO. Each organic EL element 40
includes the first electrode 41, active layer 42 and
.second electrode 43. |
20 _ A diffusion layer 60 is placed on the second
electrode. A variety of structures can be employed for
the diffusion layer 60.
FIGS. 4 and 7 are sectional views each
schematically showing an example of a diffusion layer
25 which can be used in the display of FIGS. 1 and 2.
The diffusion layer 60 shown in FIG. 4 is a light-

transmitting layer having a main surface which is
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random y arranged recesses and/or protrusions. The

di ffusion | ayer 60 decreases observation direction
dqgendencies of the brightness and chromaticity of a
FePPUY Pfage. I1n addition, the 5 diffusion Paldr20grp18223
i ncreases the |Ium nous energy of the |I|ight which
travels froman inside of the display 1 to its
outside by its |ight scatferinq_effect. That is, the
di ffusion |layer 60 inproves an &utcoupling

.efficiency. 10 In the exanple of FIG 2, the

di ffusi.Qn. . .60 i .. ' e, a
resinggggéég%shgg'FSEP§M?¥I%%%aé%ﬁ$4g§§e%g8%é%§%§%!by

i tsel brotPutitins. case, diheusdidd usiven kayeaecHasss fixed
on a second electrode 43 by neans of an adhesive

| ayer oBderfarickb dexamplien Jependanskiwsssiofhenerightness
adhesive layer 61 is 20 mor nore in general. hus,

even PPdi FREYRAEGITYeST BcRbPPHY dT8GFf acéRofdtheton, the

second, trode , [ S..pr.eve : j

generg g%gﬁéﬁﬂg%ﬂé%hg%a Egg%%%eyﬁg¥éph§%ngﬁgn%ﬁ§£&w Qf the
second jghecik e 43ve120:Th ghfinsidenolfayre 60sshoywt to
in FIG 5 includes light-transmtting particles 62 .
pl acedtenotheidedond tseléghtoseadErinigeeffect. That is,
light-transmtting particles 62 are fornmed by, coating
t r ans pafefit LPaFacIteY 528 W PRTAYFS &0hQEET8UB2b™Y The
adhesg%§iggbn€gnds the transparent .25 particles 62a
t oget her &na nds the transparent particles 62a to

1d he secondigl egd rogdenAd oFhercdi ff usiorilfayetof015hennso
in FIG 5 can be forned by :

shown in FIG. 4 is, for example, a resin sheet or a

(8]

resin film which can be handiéd by itself. In this
case, the diffusion layer 60 is fixed on a second
electrode 43 by ﬁeans of an adhesive layer 61, for

15 example. 'The thickness of the adhesive layer 61 is
20 pym or more in generai. Thus, even if irregularities

occur on a surface of the second electrode 43, a gap is
prevented from being generated between the adhesive
layér.61 and the second electrode 43.

20 The diffusion layer 60 shown in FIG. 5 includes
light-transmitting particles 62 placed on the second
electrode 43. The light-transmitting particles 62 are
formed by coating transparent pafticles 62a with an
adhesive 62b. The adhesive 62b bonds the transparent

.25 particles 62a together and bonds the transparent
particles 62a to the second electrode 43. The

‘diffusion layer 60 shown in FIG. 5 can be formed by



WD 2006/ 035956 PCT/ JP2005/018223 12 distributing the
light-transmtting particles 62 over the second
el ectrode 43 by wet or dry process. The -diffusion
hown in FIG 6 can be forned by _
I&‘?ﬁ?’??’ S%S?ng the transparent particles 62a oV&FEHL/ 48223
adhesi ve | ayer 61 by wet or dry process. The diffusion
~layer 60 shown in FIGS. 5 and 6 nakes it possible to
i nprove the outcoupling efficiegcy by
light-scattering. The diffusion|layer 60 shown in FIG
7 1is alight- scattering |ayer which includes a
| i ght 5t EaPsMditigngnd 011 88t N 63, 4NG thakt balescBés 62 over
di spersed.therei'n. The "particles 64 are different in
opt i cahepseperd yleuthoas 43 &fy actt vwe drdexrdceass t h&he
light-transmtting resin 63. The diffusion |ayer 60
can bdiféwesial lagerefBnphevn bin Ed&at fngaphlee see@iffl by
el ectrode 43 with cpating solution,15 which contains
the. pHPEFEIRS ISR ANA BERRTEH A" FortiRzes toa SO Al
l'ight- ] tqt Sj [ 0 j ;
conti B ET T NECe Char t Fer ot ertaP Por the Trgne Tusien
transohiei ngp resivin &3 FIGHhes anel whimakeeant bgo estiteick ab
a tenperature equal to or lower than the glass 20 _
t r ansiimpoave difife cattgPBP 6ing hel bryamicy bayetgabrscatfering.

t he diffusj ; .60 of FI 7 ial ..
hiSheL iﬁ% @?ﬁ%@%ﬁ&éoPn38¥efﬁ§§ ék%é&éﬁh?&gvalgééﬁallght*
such %éaItQZi§H ny%% WﬁicﬁeiﬁgFﬂhJ§3% EEShELEPQﬁsmitting

transmtting particles 62a and the particles 64. In 2
10t hi s gasen &3 gher veutceupki 6g effgarisedcyheaaibhe The

achi eved as conpared with the case where a resin

havi ngparaiecdés ock iare dadégrefnt abbuprticsli progeyty such as

refractive index from the.light—tranSmitting resin 63.

(6]

The diffusion layer 60 can be formed, for examéle, by
coating the second electrode 43 with a coating solution

15 which contains the particles 64 and a material for the
‘light-transmitting resin 63 and curihg the obtained
coating film. Note that the materiél for the light-
trénsmitting resin 63 is the one which can be cured at
a.temperature-equal to or lower than the glass

20 ‘transition temperature of the organic layer'42.

In the diffusion layer 60 of FIGS. 5 to 7, a
material higher in refractive index than é waveguide
layer such as TiOp or ZrOp may be used for the light-.
transmitting particles 62a and the particles 64. 1In

25 this case, higher outcoupling efficiency can be
achieved as compared with the case where a resin having

a refractive index of about 1.5 is used.
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WD 2006/ 035956 PCT/ JP2005/018223 13 In the display 1,
the organic EL elenent 40 forns at |least a part of a
nlcro cavity structure MC. The nicro-cavity structure
OQ‘Lﬁfgs a reflection layer RF and a half mrror
|"ayer aci ng each other and a 5 |ight souPEEJj285/018223
i nterposed between these layers. In this exanple, the
reflection layer RF is the first electrode 41. The
half mrror layer HMis, for gganple, a buffer |ayer
426 made of MgAg. The light source LS has a | ayered
structure including a hole 10 injection |ayer 421, a

hol e tra”?Port'”%lggﬁgg ﬂzggl %rg%ﬁ%&ttﬂgeigxﬁﬁ:%%Ofoéms

hol e blocklng ayer ctron T1njectio

| ayera¥2&askhe pattest i Dmilayetakitl,Ssarhayere WMai.ChThe
has light-reflection property, and typically, is a

netalmldib{duw1tw|bnrud%wxdumq:lmpﬂudeslayeef}@ahxpnalayer

| ayer_whi ch has |ight-transm ssion property and
| i ghtBF ¥ i BEBpRT thAYFhdMhAPFLRY r et Iy6r BRE 2

shas a pgher, L apsm {iance as compared i h Jhe. 1

refle ayer ection | ayer

hi ghefhi§fé}%(3r¥pﬁll’é‘}etﬁ§ QQfl(éH’Hl@rneda%EhR?hﬁs hald sirskor
| ayer HM For exanple, the reflectance of the

refl eetectirddey/erl .RFThg 13006 erirowor éayandi hiss, for
reflectance of the half mrror layer HM is 15% or

nor e. SAHP o béléx‘ffefyl%-‘fei'%é't%ﬁ é‘aWB ghnhktes tHe |l|l§m‘-
25 wh th fi .
9&? \igéy%a%e fo??&géds t%:%ctt ?fer§ ?;uggdq aﬁhole

represen Td OMAng equat on

ot her i haek 1 drhe dylegthti 2 Whos &, dvv el angbBrii SatlSfdea2bhean
emitting layer 420, a hole blocking layer 423, and an
electron injection layer 425.

The reflection 1ayer RF is a layer which has
light-reflection property, and typically, is a metal
thin f£ilm. The half mirror layer HM is a layer thch
has light-transmission property and lightereflection
property. The half mirror layer HM haé a higher

" transmittance as comparéd with the reflection layer.RF.
The reflection layer RF has a higher reflectance as
compared with the half mirror layer HM. Fof example,
the reflectance of the reflection layer RF is 30% or
more, and the reflectance of the -half mirror layer HM

"is 15% or more.

The micfo—cavity structure MC enhancés the light
whose wavelength A satisfies the relationship
represented by the following equation (1). On the

other hand, the light whose wavelength A satisfies the
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represented by the follow ng equation (2) is

attenuated. In the equations, L is an optical Iength
e reflection layer RF and the half mrror

@/%8%%01 is a phase shift of |ight causedCHyF2805018223 -

being reflected on the half mrror layer HM Q2 is a

phase shift of |ight caused by being reflected on the

reflection |layer RF; and mlsma?1 |nteger 2L (D + ~+

=m... (1) 102L(D1+(D2- ? 2t 2?7t 2

As is evident from equations (1) and (2) t he

[ um n f VE,

speci fee P o B e e O e R 42

M croisayttynsdtdict ung dhe dqudtiormguat iensn v,

the optical length L is a function of the observation

angl elengSpekefveal [the théleptiwalldyvengRR Entiisthe half

proportional _to 1/cosh. Therefore, when a_ni ninu

val ue™LEFeF taeeoptiic &L l%oal%*h?gi% Sﬁlafg Pﬁc}é%\%%ocaused by
di rec y d h | | f f
> he o%gyélp %%%ééﬁeaoéﬁetageg%\ n%r uen ll%] '%?agicsea
On th@hageeghbﬁ@cbf Ilflghhecmugém \wl@@ E@f@écﬁ@& on the
optical length L is reduced, the shift of the 25
obser vafientanyl :2yeHd &8s ané| mens e timéebami nance.
However, in this case, it beconmes difficult to
equalize 2L ®@®; @,
ety —Z=m - -e e (1)
A 2 2m

‘10

2L &) Oy 2m+l
—t——t—==
A 2n 2=n 2

+(2)

As is evident from equations (1) and {(2), the
luminance and color purity of an image observed in a

specific direction can be improved by employing the

15 micro-cavity structure MC. 1In the equations, however,

the optical léngth L is a function of the observation
angle 6. Specifically, the optical length L is
propdrtional to 1/cos8.

Thérefore, when a minimum value Ly of the optical
20 length L is increased, directivity is improved. That
is, a slight shift of the observation angle 6 greatly
influences luminance.

On the other hand, if the.minimum value LO of the
optical length L is reduced, the shift of the
25 observation angle 6 less influences the luminance.
However, in this case, it becomes difficult to equalize
the minimum value Lp of the optical length L between

pixels having their different emitting colors. That



t he hfninun1value LO of the optical length L between
pi xel s having their different.emtting colors. That WO
2006/ 035956 PCT/ JP2005/018223 15 is, there is a

y that a display structure or its
- Wé%dpggjtsgstrﬂ ng process becones conplicated. | RCTHFR05/018223

display 1, the diffusion |ayer 60 is placed on
the.front side of the mcro- cavity structure 5 MC
Therefore, as described bel ow, 5 is possible to
prevent brightness of a dlspIaQ i mage from
significantly changi ng according to the observation

angl e gr Eggfgn¥$ %Iggsgfbif d? éﬂgta$ BHQ%E % ucturfoor

sign| I cant angrng according to the 1 on

angl elt'srhxa&mh&ctaﬁ_@a@dbegc&@s tﬂt&;dﬂfe%SeBhpﬁﬂ@QgécﬁT.Ent , a
hi gh display. quality can be achieved. FIG 8 is a

graph showimgtiais elisppes of eme ssifdlusiopeétyar o060 ais
di splay which omits a diffusion |ayer from the
st r ucPURESHIOTFINES TFoghgsade migthy mdcgographty sstructure

show a e a S,
Shonn'tn PTG g 25 HpEFL AL F BRGNS B LGRS e
has bgesvenplwniemththesst be &idfdisiagn ihayer £66m - 1IN
FIGS. 8 and 9, the abscissa indicates a wavel engt h,

and t Bégoi ficrmttdy wroateg ®pdendimg 20 theeoiss¢yvaifion
the dis 1. Curves Al and A2 indicate,  em ssion

spectﬁﬁg6? ??nfqﬁQﬂﬁFéﬁliylﬁft?R§(ﬂ%ﬁglﬂﬁeﬁﬁaﬁe H ¥l ay
f t
S ccer s, Seen aetuene L0865l g oL LR

10B2 i ndhgate erd=Siien §§@6£<ﬂﬂu@ftd heedbgpkay: 1e1hk5bd?15nent, a

the case where the display surface has been observed
in high display quality can be achieved.

FIG. 8 is a graph shoWing an example of emission
spectra of a display which omits a diffusion layer from
the structure of FIGS. 1 and 2. FIG. 9 is a graph
15 showing an example of emission spectra of the display
shown in FIGS. 1 and 2. Here, the structure of EIG. 6
has béen employed for the diffusion layer.GC.

| In FIGS. 8 and 9, thé abscissa indicates a
wavelength, and the ordinate'indicates emitting
20 infensity of the display 1. Cﬁrves Al and A2 indicate
emission spectra of the display 1 in the case where a
display surface has been observed in the direction of
the normal line (observation angle-e = 0°'). Curves Bl
and B2 indicate emission spectra of the display 1 in
25 the case where the display surface has been observed in.
the direction crossing the direction of the normal line

at an angle of 60° (observation angle 6 = 60°).



the direction crossing the.direction of the nornal

line at an angle of 60 (observation angle 0 = 60). WO
2006/ 035956 PCT/ JP2005/018223 16 As shown in FIG 8,

{ ksplay omtting the diffusion |ayer :
B@% &ﬁgséfength i s changed by. about 100 nnyggn?ﬂgmmzm
observation angle 9 is changed by 60. In contrast, in
the display including the 5 diffusion |ayer 60, as
shown in FIG 9, even if the e¢pservation angle O is
changed by 60, the peak wavel ength is not changed. In
this manner, in the display including the

i cr o- cavidy .snelhUshUres Mg, by thlagiBg1iPeomliddiugi ene
| ayer 60 on the front side of the 10 mcro-cavity

st ructifffmsVicn lheenbs@r vatdeark diavedéehohh deparrdarcy byf
the chromaticity can be-reduced. FIG 10 js, a graph
showi #ePun 1€0anpl 85oFha oRAEtdRENRPIbRE Webh FFnged by

e 10 ST, SR LR D

figur €31 ndi cates a direction parall el
sto a gisplavsysiacesoand thewrondi rate bndiest a¥ ane
direction vertical to the display surface. A curve C
i ndi cabssriationanaglef o aidicpmaed by 601 hgthdeeak
diffusion layer 60 fromthe structure of FIGS. 1 and
2. A taysiermytmdisc BPEsChand ¢thncd ot i ReMoBRef s pitay G

FIGS. .1 d 2.. Adistance froman.ori
cert afh® ?%ﬂlqﬁ%uFﬁEgcgg%én%fﬁﬁr V&% rgéggéﬁﬁféiyc' by

| um nange; id e 8238 s W8T EafedictPlody taUr EASEL | i RERE the
in a direction parallel to a-straight |ine passing
10t hr oughctdhadapaiyntstandtthe MC, dine ocAseanmgt bomudte-dpt i2b
this straight line and the vertical line is defined as
dependency of the chromaticity can be reduced.

FIG. 10 is a graph showing an example of a
relationship between an bbservation angle and display
luminance. In the figure, the abscissa indicates a

15 direction parallel to a display surface, and the
ordinate indicaﬁes a direction vertical to the dispiay
surface. A-curvé C indicates luminance of a display
omittinj the diffusion layer_60 from the structure of
"FIGS. 1 and 2. A cufve.D indicates luminance of the

20 display of FIGS. 1 and 2. A distance from an arigin to
a certain point on the curve C or D corresponds to
luminance in the case where a display surface is seen
in a direction parallel to a straight line passing
through that point and the origin. An angle made by

25 this straight 'line and the vertical line is defined as

an observation angle 0.

As is evident from the curve C, in the display



an observation angle 0. As is evidenf fromthe curve
C, in the display WO 2006/ 035956 PCT/JP2005/018223 17
onmtting the diffusion layer 60, if the observation

aggkg%§&£§ slightly shifted fromO0, the luninance is

signi
di spl

fcantly [owered. On the other hand, inP¢HEF2005018223
ay 1 including the diffusion layer 60, as is 5

evident fromthe curve D, even if the observation
angle e is significantly shifted fromO0., the _
| um nance is slightly |lowered.” That is, the display 1
including the diffusion |ayer 60 has snaller

obser yation di-hechi PR s AGPandenc % oof 1 FUPRdaER 38 tion
conpared wt'h the display 10 omtting the diffusion

| ayer

afigle Motie khatheVensHiTEdete feameonWhette: tlhenimianiceu s

value LO of the optical length L is small, a sli%ht
e

shift

signi filpengilsi hovwered ue Qo thiegpichpeadrmnd, in t

i nfl uences | ym nance., and chramati.city. Th is, Ln
t he cé&ﬁ? He elPﬁEugﬁn%1%ﬁ?r4§§£aﬁ&°§tyﬁ%:ﬁ§%”h§§ b&en
senpl oyetiedd Ha3 Pﬁ@ncu9ﬁ§ﬁis%ﬁ%ntQfCQHér_ séﬂﬁ%ﬁ&bh”bngle

t hi ckness of each layer wth

addi t
| engt
el ect
occur

i gh precision.

¢ oy difgriilfe cahol push v dee froth OF , t tiee Apiriicdince is

h L is reduced, a short circuit between

s by lvadeowgrpg- duBratadifesithe déspikelly inslugdng the

o th nbodi t, | hi evi ng..the .
abovei B4t TKEF 5P ShRD HERd ToPBFEAUES 1Y LHESCtion
YR i LO Ot e 0D £ Uonk 80OLN, L OO S hs

no nee

or controlling t hi ckness of eac

10l ayeromd tdiy ghhe 2A3fptuecosidverliear.efore, according to
t he present '

15

20

25

Note that even in the case where the minimum wvalue
Lp of the optical length L is small, a slight shift of
the minimum value Lg significantly influences luminance
and chromaticity. That is, in the case where the
micro~cavity structure has been employed, it has been

necessary to control the film thickness of each layer

"with high precision. 1In addition, if the minimum value

Lo of the optical length L is reduced; a short circuit'
between electrodes caused by dust adhesicn is likely ﬁo
bccur.

In the present embodiment, in achieving the above
effécf, there is no need for reducing thé minimum value
Lg of the optical iength L or there is no need for
controlling the film thickness of each layer with high
precision. Therefore, according to the present
embodiment, a manufacturing process is facilitated and

the yield can be improved.
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embodi nent, a manufacturing process is facilitated and
the yield can be inproved. WO 2006/ 035956
PCT/ JP2005/ 018223 18 Various nodifications can be

' e display 1. FIG 11 is a sectional view
scdzg?réé({}lsgtégl |y showing a display according tBCHIP2005018223

nodi fi ed exanple. The display 5 1 of FIG 11 has a
structure which is substantially identical to that of
the display 1 of FIGS. 1 and 2__except that the

di ffusion |l ayer 60 is placed btf ween the seal i ng
menber 3 and the polarizer 4 instead of attaching the

di f fusion . ayer _6 f e d,. 10 .t 43.
Thus, a po\}sal- iogﬁ Ig?(.?ﬂlf%eatg%f%u§?gnb%an§%eecl6r{)ct?% not
limtedsdinyparticular as long as the |ayer is

positioned on the front side of the mcro-cavity
structure NG. Var isus smdiifdredt vors salrervuicipalilly shewing
mcro- 15 cavity structure MC of the display 1

hown
in Flasiisplayngcoorgings top 2 &?&iiéegr%x%%'onﬁ‘evfiéﬁglay

each sceE(R\X_;i I show t het Xﬁ!’l’m fn@iall
st ruc]t uorg]e ii g? %%sn %eﬂe%tgggdmﬁg?ﬁt e di ss&agélg% Y
FI GS. 5 deidad. £30thax tdee vHL =gty St rrmddsur @ Medop
FIG 12, the first electrode 41 is a |light

t r ansexssptortnelteche odef fudipraddiverof? i$heoaafedebeitypen

| ayer RF is placed on the back side of the first
el ect FoRleS R 1ngy PRMRSE ehtAWh {6 PPhaTabtve Mpgead of

o CERLS YL R PPl oy . Satare
electrode 43. Thus, a position of the diffusion layer
60 is not limited in particular as long as the'layer is
'positioﬂed on the front side of the micro-cavity
structure MC.

Various modifications can occur in the micro-
cavify structure MC of the'dispiay 1 shown in FIGS. 1
and 2.

FIGS. 12 and 13 are sectional views each
‘schematically showing anoﬁher example of a structure
which can be employed for the display of FIGS. 1 and 2.

In the micro-cavity structure MC of FIG. 12, the
first electrode 41 is a light transmission electrode.
In addition, the reflection layer RF is placed on the
back side of the first electrode 41. With exception to
the above, the micro-cavity structure of FIG. 12 has a
structure which is substantially identical to that of
the micro-cavity structure MC of FIG. 3. Note that the

micro-cavity structure MC further includes an electron



the mcro-cavity structure MC of FIG 3. Note that the
mcro-cavity structure MC further includes an el ectron
WD 2006/ 035956 PCT/ JP2005/ 018223 19 transporting

I between the hol e blocking layer 423 and the
vf(ggotro?/(g%% nj ection layer 425. In the m cro- cEGTKP005018223
structure MC of FIG 12, an [ITO (indiumtin oxide)

can be used as a material of the 5 first electrode

41, for exanple. In addition, %r exanple, A, A

alloy, Ag, Ag alloy, Au, and Cir the Iike can be

used as a material of the reflection layer RF. In the

m cro t ffer
layer EteabnEaye?, 47 Beficia Hhe bife, dibotgayer
and asbal n@ ¥orellayebnHhiscplacadyer the. second

el ectrode 43. Wth exception to the above, the mcro-
~cavity stricture tMCrof-cBvGy 18t hast wresMCuef uF8G whih an
i's substantlally identical to that of the:

i cr o+ €Qvi $§ddusn stt%nuet"ﬂ:ij‘é) n/ﬁ?%fbweed 28, 2| Ratgial of the

m Cr oy 99}4&%&5’& ‘”4% M, pi {4@1 13, Iqugddfﬂ;m,l SorAN
organi c Tayer ope w th™al ka e ta and

al kal kRemga& | ha1 mllalalqap brg used aaaotyheAbwfslea cd &yekhe
426. I'n addition, arrultllayerfllmmade of

di el edtikecsamrbea usedalast hi matetimlicaf meeuseﬂlastidre

half mirror layer HM for exanple. In the case where a
met al ‘BMPA Rfimis used as the half ni rror Iayer HMV

i de wavel SAgHt MR BT BRCEL e a0 kS BEE. ([ ene
1(case %ﬂ@f@rali@éﬁldz%YQbeélhﬂtnﬁeﬁbéﬁas a half mirror layer

ul

HM, and a half mirror layer HM 1is placed onh the second
electrode 43. With exception to the above, the micro-
cavity structure MC of FIG. 13 has a structure which is
substantially identical to that of the micro-cavity

15 structure MC of FIG. 12. |

In the micro-cavity structure MC of FIG. 13, for
example, an organic_layer.doped with alkaliﬁe metal -
and/or alkaline earth metal can be used as the buffer
layer 426. 1In addition, a multilayer film made of
20 dielectrics or a metal thin film can be used as the
half mirror layer HM, for example.

In the case where a metal thin film is used as the
half mirror layer HM, in general, a high reflectance
can be obtained in a wide wavelength range. On the
25 other hand, in the case where a multilayer film made of
dielectrics is used.as.the half mirror layer HM, in

general, a high reflectance can be obtained only in a



dielectrics is used as the half nirror layer HM in
general, a high reflectance can be obtained only in a
WO 2006/ 035956 PCTI JP2005/ 018223 20 narrow wavel engt h

WAH8s035Rpever, in general, in the case whe N
multilayer filmis used, higher transnittan%gnggwbﬁgzm

obtained. Wiile FIGS. 1 and 11 have shown a top

em ssion 5 di splay, the present invention can al so be
applied to a .bottomenission,display. FIG 14 is a
sectional view schematically sﬁomﬁng a displ ay
according to another nodified exanple. FIG 15 is a

secti goatow i @WSCheal kedd Yy showvag, ann Johexanplie ehe
a structure which can be enployed for the display

of ' Fl Gasd dwhdre Rl Gultd]laydre dilgpliay ussd, i higistr at ed
such that its display surface, that is, the front

sur f abBaRFniHerdeglkelehe t ¢t "$Grf ace, faces

downwar dl y_and t ack_suyr e faces upwardly. .15 .1n
the displ avflhjlfl%fﬁ%sg Elﬁ?gui;l i'kKe ﬁ§°8|“36| }[:10 (NG A

sFI G disphey diffdigiranchayedva 12nd chheapbapd z8fp1ded to a
are sequentially arranged on an outer surface o#)the

arr aybstibst ratissAonThesdispl ay 1 of FIG 14 has a
structure which is substantially identical to that of
20 the di spfay 42 dfs Pl €8ctionfld viesk SepEMphagaly showing
structure_

f FIG 15 has_ b | in addjtion t
he. aBodePEtY RTEL Bnct e TR PO PP IS t o

ure. ! ructure o
lt:J:Jfo egztay% A28 de2+9Bhit esh & amHRatSELYEY Us8oBing an

, and an 25 electron transporting |layer 424 is
10f urt hexkapbpheesif a structure which can be employed for the
display of FIG. 14. In FIG. 14, the display is
illustrated such that its display surface, that is, the
front surface or the light-emitting surface, faces
downwardly and the back surface faces upwardly.

15 In the display 1 of FIG. 14, unlike the display 1
of FIG. i, the diffusion layer 60 and the polarizer 4
are sequenfially.arranged on an 6uter surface of the
array substrate 2. The display 1 of FIG. 14 has a
structure which is substantially identical to thaf of

20 the display 1 of FIGS. 1 and 2 except that a structure
of FIG. 15 has been employed in addition to the above
étructure. . |

In the structure of FIG. 15; the buffer layer 426
is omitted from the structure of FIG. 3, and an

- 25 " electron transporfing layer 424.is further pléced

between the hole blocking léyer 423 and the-electron

injection layer 425. In the structure of FIG. 15, the



bet ween the hol e bl ocking | ayer 423 and the el ectron

injection layer 425. In the structure of FIG 15, the

WO 2006/ 035956 PCT/JP2005/018223 21 first el ectrode
do8e/Rsdsk ght transmi ssion el ectrode, the second

electrode 43 is a reflection layer RF, and aPCH&p0s/018223

mrror layer HMis further placed on a front side of

the first electrode 41. 5 Al and/or MJAg can be used

as a material of the second electrode 43, for

exanple. Anmultilayer film mnadé of dielectrics or

metal thin filmcan be used as the half mrror |ayer

HM for exampl & oA Bas; been daschinadnwithof el BianeRe,
to FIGS. 1 10 and 11, the display 1 nay be of top

em sstioa daqund Aldcernati 42lys asdfdschéen Ueper iHFpd and a
with reference to FIG 14, the display 1 may be of |
bot t o bRriBisitnr thayer AY Show GheTFP&aceg, ophg front side

enti re y%}géc b%?rsgcr %ﬁn%gr%?lﬂ ement 40 may be

sandwi ch Weery ection 15 layer RF and the

~shal f mirrogy | ayeroHMgaghainise (d@1 QF gahheeEla el &mante
40 may be a part of a micro-cavity structure MC.

Al t er patonel gl edtheder dani forlexadngrient AOmuiltskdferrelilm
be the mcro-cavity structure MC. Alternatively, as
shownmpde RpiGSliedectricgngr Metanlihig 20 lpafen ope thired as

organ%g ﬁﬁ %éement 4g may gﬁndmﬁche bet ween t he
ref | eCPP ol Haybr™ RE afd®t he natt™ M¥FFS-S 1 ayer HV
That is, appafis Pedh@eIEIAPEE Hitel RIRNMn4Q tHBYIRE

part of the mcro-cavity structure MC. The organic ELal
10el eneahd401 jreyhendispiaiyt & haghte o225 dpn elhissicaseypd.or
exanpl e, a 'color image can be
Alternatively, as has been described with reference to
FIG. 14, the display 1 may be of bottom emission type.
As-shown in FIG. 13, the entirety of an organic EL
element 40 may be sandwiched between the reflection
15 iayer REF and the half mirror layer HM. That is, the
orgénic EL element 40 may be a part of a micro-cavity
structure MC. Alternatively, the organic EL element 40
itself may be fhe micro-cavity structure MC.
Alternatively, as shown in FIGS. 2, 11, and 15, only a -
20 part of the organic EL element 40 may be sandwiched
between the reflection layer RF and the half mirror
layer HM. Thét is, a part of the organic EL element 40
may be a part of the micro-cavity structure MC.
The organic EL element 40 may emit white light.
25 In this case, for example, a COlér image can be

displayed by using a color filter.

The diffusion layer 60 may be placed only at



di spl ayed by using a color filter. The diffusion | ayer
60 may be placed only at WO 2006/ 035956
PCT/ JP2005/ 018223 22 positions which correspond to

Rl 6 ing a specific emtting color, and may not
.bégﬁkgggg%at positions which correspond to BICEEF¥05/018223

‘having another emtting color. In this case, for
exanpl e, in pixels which do 5 not face the diffusion
| ayer 60, an optical length L i set such that a
wavel ength 1 neets the relatiogéhip represented by
t he above equation (1). By doing this, even if the

12Vl 09 A Saps oolEelo bl abass acelatl gt

suf f i ghept 6Pl Y1 okal angenspmdbe rrehiaved. at Thesitions -
follow ng construction nmay be enployed for the above
descr iwbech displeapobd EbGidéls shaviggcthohla¢r véreviting
schematical ly showing an exanple of a structure which
can bECEMDI oyidd thdE §25%5 AT texFiexef BFx¢he which do

<di spl 2y, shown tll{él 'é'iﬁsﬁs%m?nf'a for ?Xognsﬁxgo%?igaf%etr{%?g is

. JCe
VI ew SC eITHCfI cally. oW ng a stru

whi chsganshen efplovedal,elengiothefecpar thof réher Pinedliy

of the display shown in FIGS. 1 and 2. 20 A structure

of Fl Gepibsérstesd miyl ahet ebdhateqpfatieinG (112 eRgepdirtdhathis,
an optical adjustnment layer 70 is further included

bet we&MeR hif ridfa ecedRfnPE) et FE=MPt MRBTT Fpretabove

e oct 215 i SN Engl e Bufhe ML CRIAAY dfpusson
' 10(1) aﬁgyég)GO, a sufficient color balance can be achieved.
The following construction may be employed for -the
above described displéy 1.
FIG. 16 is a sectional view schematically showing
an example of a structure which can be employed for a
15 part of pixels of the display shown in FIGS. 1 and 2.
FIG. 17 is a sectional view sdhematicaliy showing an
exampie of a structure which can bé empioyed for
another part of the pixels of the display shown in
‘FIGS. 1 and 2.
20 ~ A structure of FIG. 16 is similar to that of
FIG. 12 except that an optical adjustment layer 70 is
further included betwéen the reflection layer RF and
the first electrode 41. A structure of FIG. 17 is
similar to that of FIG. 12.-
25 As is evident from the equations (1) and (2)
above, the luminance in the case where a screen has

been observed in the direction of the normal line



above, the |um nance in the case where a screen has
been observed in the direction of the normal |ine WD
2006/ 035956 PCT/ JP2005/ 018223 . 23 depends on the

Wy 2ngidd X and the optical length L. Thus, in
general, in order to obtain the effect of thECTAP2005018223

m cro-cavity structure on inproving |ight em ssion

ef ficiency and color purity in all the pixels
differing 5 in emtting color £§0n1each ot her, the
optical length L should be appropriately set for each
emtting color. However, in general, a |ayered

str UC&%geg]d%f ohNenor G G rigk reheaBAt t A9 &5 detienehged 1.
in consideration of electron-hole injection balance,
degr aglatd ,0nnohedOri LM Manaeierete. obhasn tlhe nEdfele of the

‘difficult to achieve an optimal optical length L. In
such micaseavicy ekappluse e 18PraEtuy el bfht EEGssign

may be_enpl oyed for pjxels having a.certain emtti .
Col orSEEAFTHY BPIUEL U e R RVGH 194 o 1% A oy S F oF g
sPi xel 8, NayiRGn@neLDSE SN td09 6ehek; ThHe o8l length L
- enploying the Structure of FIG 16 includes the
opt i cahowildj et BRptopayRte IR0, se@ndotrhesch i emititfifrer esflokn
the optical length L fromthe pixel enploying the
structure Hsfwemes, 17 g¢peide @ Xalvesapl oyrwgtudre of2¢he

structure of FIG? 16, t?ﬁ gft'%gl lLength L can be .. of

opt i P& e fnGIRESBh 1he DSt CAT  BRGr 48171 BrI°Ee 4RY

thickpegs n-%%eomﬁg@&ma&tam%@t, heyeiadGion of

- Moreover, the optical adjustnment layer 70 is placed

10bet weginikeh@nodec4l amds t hiee mefy eet boAfieyer HFacaidve

.25 - thus, does not influence the el ectron-hole

i nj ecenopptimal optical length L.
In such a case, for example, the structure of

FIG. 16 may be employed for pixeis having a certain
emitting color, and the structure of FIG. 17 is

15 employed for pixels having another emitting color. The
‘pixel employing the structure of FIG. 16 includes the
optical adjustment layer 70, 'and thus, is different_in
the optical length L from the pixel employing'the
structure of FIG. 17. 1In the pixel employing the

20 structure of FIG. 16, the optical length L can be
optimized depending on the optical characteristics and
thickness of the optical adjustment layer 70.
Moreover, the optical adjustment layer 70 is plaéed
between the anode 41 and the reflection layer RF, and

25 " thus, does.not influence the electron-hole injection

balance, degradation of luminance, etc.

Therefore, when the structuré of FIG. 16 1is



bal ance, degradation of |um nance, etc. Therefore,
when the structure of FIG 16 is WO 2006/ 035956
‘PCT/ JP2005/ 018223 24 enpl oyed for pixels having a
] itting color and the structure of FIG 17
?@fé}ﬁ%{}gisg‘d for pixels having another enittfRYR8I@8223
the lum nance or the Iike in the case where a screen
has been observed in the 5 direction of the normnal
l'ine can be optimzed w thout _influencing the
el ectron-hol e injection bal ancéfl degradati on of
| um nance, etc. That is, it beconmes possible to
achi e e i.spl q i Gy '
ar aphé/n&lo 'e‘r%lg%é% %%L(}ggn%ﬁ glao ng’yfogr@!étcgtyrll oér?nlélﬁ’ltp)l:l%etE \?\égﬁ and
t hi ckires stefucanrepst cric .adjusismerblolayeronnd xendenaoing
interference in the case where a resin |ayer having a-
r ef r awtdtreer poektohg lcdlds (ded laginghee opt itdel 1ike in
adjustnent layer. In the figure, the abscissa _:
i ndi cte<LANe AT EKAIT B Soaereeani%r‘a%ﬁs <t FBfit
| ayer ;.7 t i na i ndi_ca o af
5i nt er lelgeecﬁ%gmmﬁl%csﬁ)ﬁ?s%nﬁaslegq@% :cﬁg ?lgg }%&ﬂlaz\?gl iwﬁahout-
in thenMErieavihy sléucidH-adVe iiRjbbeish neatnea,
normal to a filmsurface. In addition, in the figure,
r ef erdermdayniivol of Bl ui@ nae Retiedi c&het das a igbtacnrds
by 20 carrying out simulation for _pixels whose N
em t tPAFIRIA cg$r°s agh &S Bt P X383 L1RRAY dtﬁ%]ew (qil,ailfsgo
nm, and r - GE\=.630 e i_ye t
simul at i onE,eldGl't ll%s lsp%e%ﬁ%% {k}]oz\ﬁqﬁ]g\éor%gﬁ {:]e é{}ea

10el emend Sa Mk pe nellEéh Nthi AQlRIsS ofakf Hptis210EE80stment
and red have the sane structure 25 except that a

mat er Layef amad ledemi of i gt dsfieererd?0 insthe case where a

"resin layer having a refractive index of 1.5 is used_as
the optical adjustment layer. In the figure, the
abscissa indicates the thickness of an optical

15 adjustmeht layer 70 and the ordinate indicates an.order
of interference which is caused by the light traveling
in the micro-cavity structure MC in the direction
normal to a film surface. In addition, in the figure,
reference symbols B, G, .and R indicate data obtained by

20 carrying out simulation for pixels whose emitting
colors are blue (A= 480 nm), green (A= 530 nm), and red
(A= 630 nm), respectively. In the simulation, it is
presumed that the organic EL elements 40 whose emitting
colors are blue, green, and red have the same structure

25 except that a material for the emitting layer 420 is
different.

According to the data shown in FIG. 18, in the
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different. According to the data shown in FIG 18, in
t he WD 2006/ 035956 PCT/ JP2005/018223. 25 pi xel s whose
emtting colors are blue and green, when the

gﬂjg,gggg of the optical adjustnent layer 70 is set
hor eganple about 100 nm an order of FPCTAP2005/018223

|nterference is obtained as a value close to an

i nteger (about 2). 5 On the other hand, in the pixels
whose emitting color is red, y@en the optica

adj ustment | ayer 70 is not placed an order of
interference is obtained as a value close to an-

inte ) enifi@lnd $o1WR8Na28 O ILAl 4 , wh
adj u né%%pﬁéég% %%l Jﬁ%gt}hlckﬁess of aboutrfgnlog =

nm i stpd agedkeBky oh tHe dpiviehs whesstwsit tliaygr COl OssSset
are blue and green, high front brightness can be

obt ai ned fiar reeepetei vabPitxdl09 om, dphferdsn ahilgspsference
colors. In this enbodi nent, the optical adjust

| ayeris 19PTAITCE BF o o B FERSt Fi8 ARotie" aﬁg%PHE 2)
5Tl S6ET AN dAXer nfia oy ol LigeRLXehSeOlertRGhbl Eolor

en1SS|on col or. abov crl ect can al so

be obiainfad wWien tA8OdtEIcaSt rawqutaehs B&‘gﬁéﬂ)’l@d 1sFﬁbt
exanple, it is possible to employ a structure in
whi chpleedptarc airdeo Qi“%ﬁﬁqnﬁﬂfem&yeﬂs7Qbﬁ%§qﬂda@§da value

bet ween the anode 41 and _the reflecﬁlon y RF |n
al | tREOHF X Srandteer GRIEalt'vhi d ﬁEstS'ofweft

Optl ngst géf%atdﬁgttmlewef ]eQ: '7% h%%%k?rgﬁlc]g?ésvﬁ%% %Egut

pi xel s ose tting col'ors are ferent from each
ot her 1 oFofm EXAMa@edi SnBp BXaRY ©iZb1sheNesd reHEJtCaanJS

the optical adjustnment l[ayer 70

: colors are blue and green, high front brightness can be
obtained in respective pikels'of différent emission
colors. _

In this embodiment, the optical adjustment layer

70 is placed between the anode 41 and the reflection
layer RF only in the pixels of specific emission cblor.
The above described effect can also be obtained when
another structure is empléyed. For'example, it is
possible to employ a structure in which the optical
adjustment layer 70 is placed between the. anode 41 and
the reflection layer RF in all the pixels and the
optical thickness of the optical adjustment layer 70 is

different between the pixels whose émitting colors are

different from each other. For example, in an example

25 shown in FIG. 18, the optical adjustment layer 70

having thickness of about 100 nm may be placed in the

pixels whose emitting colors are blue and green, and



havi ng thi ckness of about 100 nm may be placed in the
pi xel s whose emtting colors are blue and green, and
WO 2006/ 035956 PCT/JP2005/018223 26 the optical

| | ayer 70 having thickness of 180 pm nmay be
gﬁ%%@%&§%$the pi xel s whose enitting col or iggb@gﬁﬁm“n”
. Addi tional advantages and nodifications will 5
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to
the specific details and representative enbodi nents
shown and descri bed herein. Accordingly, various -
nmodi f tgat bpiicadByahestmee: W dhut;odepaihy nenffiemdher
10 spirit or scope.of the general inventive concept as
def i &80 bym trey &epehdedd clmi e arideflbhewhoeguenvidl eimtgs color
27 LLOYD WSE ddains: 1. A display conprising: an
i nsul 48i A substrate; a sealing member facing the
i nsul ati ng strate, .5 pixels interpoesed between {-he
insulatingA§%%§¥¥§%eagﬁagt%§e%é%c%Hﬁglﬁéﬁ%g%oﬁ%dmgg%h
5CONPr 8L AP R JHI0E8VLhYsSt & LT IWEL inWRRECL AL t Nerherefore,
m crocavity structure conprises a reflecting |ayer, a
hal f mheromvérehyien flacing bheadef laspecng ibayetr ,lianided to
l'i ght source |nterposed between the reflecting |ayer
and t hBehaP$cifinia derata§ernd aFRPIRF AT £ ¥ BsFRPP T diRdtts

facing.the hal f, mirror .l wher ei n .t he, di spl ay_has
" one o_h?Y?S?né”%f crlgeg @%géi . (iccoEﬁén?%¥gt§E;fbus

_ 'Secon ructures, rst
struchuaerPeANGR ShiyUst Uhgad Nvildult kBBadt SRy ayrdms tak
organic EL display, the |ight source includes an

10eni tt spgriayer safopenodr ghai gekdradl emwrhiaadcdiesdialds

defined by the appended claims and their equivalents.
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mrror layer is a front electrode of the organic EL

el emrent, and the second 15 structure being a structure
in which the half mrror layer is a netal |ayer. 2.
The di splay according to claim1, wherein the display
is a color display. 3. The di Iay according to clg
1, wherein the display is an o? anic EL display. %@Y@WBE
4. The display according to claim3, wherein the |ight
sQRIES i ncl udes an enitti ng | ayer of an organic EL
element. 5. The display according to claim4, wherein
the refll dedisplpy coreprisinga back el ectrode of the
organic EL elenent. LLOYD WSE 28 6. The displ ay
accor dangnsuwatingasubstrataher ei n t he di splay has the
first structure. 7. The display according to claim4,

wher ei B defating hegber ﬁew? meﬂﬁéulaﬁng sabgraesed between
the reflecting layer and the half mrror layer. 5 8.

The di E%Psvmgegsegéa Betv&éerﬂhg Hgiﬁat.ectﬁs UE&tRath hdd é@e%!rng

has the seco structure p ay accor |ng to

C it and'Eaeth BolRBs DB 4 il bEdVinL &Ny Whereindne gyjorocavity
7 SOt BomprSed adrtectMinyet A Hil Birton Avenaci g Be reflecting

color fromeach other, wherein each of the first and
slayencansl a dipkt sauree dntemnsedi kadwean e reflesting ayat@ngfthe half
the organic EL el enment interposed between the emtting

| eyeror lagdr; anlde refl ecting | ayer, and wherein, of the
first and second pixels, only the first pixel further

15 comprdifigsonmyePfaciag kbe BEIF HafrbN@ybayer Wi th |ight
transmtting property 1 nterposed between t he

refleciy @%lh@f@ﬁlﬁﬂ%’ ﬁ%?oh@%kﬂ%ﬁ%ﬁ&rs‘e@?ﬂd Js%mctq?gs the first

di spl ay accordin
| nﬁb&d?e belln'rgsat structure in which the display is an organic EL display, the

light source includes an emitting layer of an organic EL element, and the half
mirror layer is a front electrode of the organic EL element, and the second
structure being a structure in which the half mirror layer is a metal layer.

2. The display according to claim 1, wherein the displa); is a color
display.

3. The display according to claim 1, wherein the display is an organic EL
display.

4. The display according to claim 3, wherein the light source includes an
emitting layer of an organic EL element. |

5. The display according to claim 4, wherein the reflecting layer is a back

electrode of the organic EL element.
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and second pixels different in emtting color from

each ot her, wherein each of the first and second

pi xel s further conprises a back 20 el ectrode of the
organic EL el ement interposed between the em ttingoypwisSe
| ayer and the reflecting Iayg{; and an optically
adjusting layer with light transmtting pgopﬁrt% y

i nt er pQs bet ween the reflecting |layer and the bac ]
ol ot | Bad NeATRPRKBEEPTING o Fre f whaaia o dispraenas tedrst
different in optical thickness of the optically
adlr¥&¥ierg | ayer from each ot her.

7. The display according to claim 4, wherein the organic EL element is
interposed between the reflecting layer and the half mirror layer.

8. The display according to claim 1, wherein the display has the second
structure.

9. The display according to claim 1, wherein the half mirror layer is a
multilayer film made of dielectrics.

10. The display according to claim 4, wherein the pixels includes first
and second pixels different in emitting color from each other,

wherein each of the first and second pixels further comprises a back
electrode of the organic EL element interposed between the emitting layer and
the reflecting layer, and

wherein, of the first and second pixels, only the first pixel further
comprises an optically adjusting layer with light transmitting property interposed
between the reflecting layer and the back electrode.

11. The display according to claim 4, wherein the pixels includes first
and second pixels different in emitting color from each other,

wherein each of the first and second pixels further comprises a back
electrode of the organic EL element interposed between the emitting layer and
the reflecting layer, and an optically adjusting layer with light transmitting
property interposed between the reflecting layer and the back electrode, and

wherein the first and second pixels are different in optical thickness of the

optically adjusting layer from each other.



