DESCRI PT1 OND SPLAY Technical Field The
present invention relates to a display. Background Art
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they have a wi de viewi ng angle and a high repose
speed. In addition, they do not require a backlight,
and therefore, lowprofile and |ightweight are
possi bl e. For these reasons, thejorganic EL displays
are attracting attention as a di splay which
substitutes the liquid crystal display. An organic EL
el ement, which is the pagpngparg pfptheropgani c EL

di splays, includes a light-transmtting front
electrode, a light-reflecting or lighttransmtting
back el ectrode facing the front el ectrode, and an
organi c | ayer interposed bet weE$PTtAe el ectrodes and
containing a light-emtting |layer. The organic EL
element is a charge-injection type light-emtting

el ement which emts |ight when an electric current

fl ows through the organi cC¢@yercaneleight enitted by

th i.c EL el t, t | t | light wth
N0 di r ect 191 P e UL GE b e < 51 4 AHID a

gl ass substrate, for exanple., The organic EL display
includes a nmultilayer fir%98¥%68“8§ %rgubstrate. The

light em tdied by, 1he il d Ght %{Hstg}l'ég/% are of self-emission
type, they have a wide viewing angle and a high repose
speed. In addition, they do not require a backlight,
and therefore, low-profile and lightweight are
possible. For these reasons, the organic EL displays
are attracting attention as a display which substitutes
the liquid crystal display.

An organic EL element, which is the main part of
the organic EL displays, includes a light-transmitting
front electrode, a light-reflecting or light-
transmitting back electrode facing the front electrode,
and an organic layer interposed between the electrodes
and containing a light-emitting layer. The organic EL
element is a charge-injection type light-emitting
element which emits light when an electric current
flows through the organic layer. The light emitted by
the organic EL element travels as natural light with no
directivity to the outside of the display through a
glass substrate, for example.

The organic EL display includes a multilayer film



| ayer causes nultiple-beaminterference in the
multilayer film Thus, |um nous efficiency of the
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di spl ay depends on a structure of the nmultilayer film

Jpn. Pat. Appln. KOKAl Publication No. 11-288786

di scl oses an organic EL el enment enpl oying an opti cal
resonator, i.e., a mcro-cavity structure. In this

organic EL el enent, an organic |layer including a
lightemtting | ayer is sandw ched between interfaces,

each fefrmaldi o hasudshirgh o.ef ITeet aneet lehmithted by the light-
m cro-cavity structure, of the |light beans enmtted by

t he lemghtteimict tliaygr apersed inghitt idei-hgam regendirence in the
wavel ength i s enhanced, and |ight having any ot her

wav elrerddgtifl aiye ratftidmuat §dhusThémafigroais wfdi allpsicy of the
mcro-cavity structure is enployed for the organic EL

el emshsPdRYt B&docgadrite PRI idivs pifayhet Héqwer%g@ed by the
efficjency of the display and the color purity .of the _,

|1 ght e Lered Ry e ol SpIoky Ui 5 &1 G PR ypYer Tilm.
i mpr oved. wever, the .inv r ve faund ipn t _
course of Jg’%h‘i ?\?ltn‘g Atpl?elnp’r g@éﬁifig]nu\a/belrﬁcfagcnlc%rha‘l{?' rhﬁl t%w8e8786
case e_m cro- J t tr ' $thﬁ cal
a di §g§§3§?sﬁ!§e a?ilolc(‘)lr v%%r%\g;;e E%ogﬁlg%%g%:]%éd CL(I) . gat%jigsp?arlca

the diespiray £TPLHOW N9 o BE JAEIQrGAY It SIFHGIIr € ]S s
i ght having high directivity. Thus, the brightness of

a di gwiidrage eSlegdinfd, camM lor ehangas jdr respansed & light-

" emitting layer is sandwiched between interfaces, each
of which has a high reflectance. In the micro-cavity
structure, of the light beams emitted by the light-
emitting layer, light having a resonant wavelength is
enhanced, and light having any other wavelength is
attenuated. Therefore, when the micro-cavity 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 significantly improved.

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 following problem can occur. That is, the display
employing the micro-cavity structure emits light having
high directivity. Thus, the brightness of a display
image significantly changes in response to an

observation angle. In addition, an optical length of



observation angle. In addition, an optical |ength
ofthe mcro-cavity structure concerning the |ight
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optical length of the mcro-cavity structure
concerning the light traveling in the direction of the
normal line to the mcro-cavity structure. Therefore,
when the display enploys the mgro-cavity structure,
chromaticity of a display inage changes in response to
t he observation angle. That is, when the micro-cavity

str %&%@rrﬁjféé?-ﬁgglgefgds{ et diSPbYniddIOfge | Bignt

possi bi | isplay quality is significantly

| over £dyo D 85! S ULE SF14vendi pfcAoobj ecdi pfetdret from an
present 1nvention to inprove a display quality of a

di spbsyi €D Dy dieh 2o MM EHO-EBYIEbYest T tigt sit eucAgccorddmgerning
to an aspect of the present invention, there is .
pr ovi e dl fgldt Sptaye tomprisi tige aditesul an i f Substeanal line
a sealing nenber facing the insulating substrate,

pi xets tin¢ enposedtcdet ipent rhetiasul af R E0BSt raken ahlye

t he sealing nmenber and each conprising a mcrocavity

st r udispbay whePEPY:S t Hee iieFbRavi YL ¥t ¥ bEFGr BT Gonpri ses
areflecting layer, a half_ mrror Iager facin

refl%%%?%@t¥%§g Ohna ALFRLRY LBufte ?ﬁ?%?ﬁo%%dEQSponse to
Do VERY A5G EFHEOR! Bl 81T TR 102, R e Atoro-cavicy
structure is employed for the display, there is a
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
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
substrate and the sealing member and each comprising a
microcavity structure, wherein the microcavity
structure comprises a reflecting 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.



wW@ewe/08i98g t 0 an enbodi ment of the present

10

15

20

25

mrror |ayer.Brief Description of Drawings FIG 1 is a
sectional view schematically show ng a display

FIG 2 is a partial cross section of the display shown
in FIG 1 ; FIG 3 is a cross section schematically
showi ng an exanple of a structure which can be

enpl oyed for the display of FIGg 2 and 3 ; FIGS. 4 to
7 are sectional views each schematically show ng an
exanpl e of a diffusion |ayer which can be used for the
di splay of FIGS. %k,aB¢ Desckhifti8n orapdaaRhgghow ng
an exanpl e of em ssion spectra of a display which

onmits a dirfffusihonsl ayeectieartheistr gehunatobafllGSshbwing a

and 2 ; FIG 9 is a graph show ng an exanpl e of

em saieplapeattardinyheodaspbtayposhnenti nfFEGS. pteandt?2
; FIG 10 is a graph showi ng an exanple of a

rel at neashiipnbet ween an observati on angl e and di spl ay

i NVECIL/TRM005/018223

| um nance; FIG 11 is a sectional view schematically
showi ng aFdiGspPay saécopdithglt 6TaSFoEEFtd@NeRdmbihe, display
FIGS. 12 and 13 are sectional views each schematically

showPR§"Bneéth&r Cexarpl e of a structure which can be

enpl oyed %%%.t@ei%lépk%%sgfsgk 1bnls%%%m%tﬁcally showing an

example of a structure which can be employed for the
display of FIGS. 2 and 3;

FIGS. 4 to 7 are sectional views each
schematically showing an example of a diffusion layer
which 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
the structure of FIGS. 1 and 2;

FIG. 9 is a graph showing an example of emission
spectra of the display shown in FIGS. 1 and 2;

FIG. 10 is a graph showing an example of a
relationship between an observation angle and display
luminance;

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

FIGS. 12 and 13 are sectional views each
schematically showing another example of a structu;e
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;



FIG 14 is a sectional view schematically show ng a
di spl ay according to another nodified exanple; FIG 15
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of a structure which can be enployed for the display
of FIG 14; FIG 16 is a sectional view schematically
showi ng an exanple of a structure which can be

enpl oyed for a part of pixels of the display shown in
FIGS. 1 and 2 ; FIG 17 is a sectional view
schematical ly showi ng an exanple of a structure which

can be enﬁf@y695f9§ 2NQL Bl oRAT tv 0wt HEhPhxel 82Dyt BBOWiINng
di splay shown in FIGS. 1 and 2 ; and FIG 18 is a

gr apiy, shompoe apr exagplrecoira wieldt i cashvp depiepad for the
t hi ckness of an optical adjustnent |ayer and order of

i ntedfesemgecf netbe Tase where a resin |ayer having a
refractive index of 1.5 is used as the optical

adj ust nenFIGaye6. iBest shbteohat Taevysagewaticpeély showing
I nventi on An enbodi nent of the present invention w/l|

be descexduploeddnai At deeERTe WHCh eF 2R chgecPBlPHEd Tor 2

acconmpanyi ng drawi ngs. The sa reference n I
dencbert hef saieebf SFf nFPardtdn ?Yt%%ﬂvneF%nEggég i and 27

throughoaﬁnggé9;§giggggcgggpgifsﬁs&iEkxgmg%ﬁggggghgﬂowing

t her eof rs"a Sectiona

:ﬁgg%ﬁh%%?ﬁ%¥efﬁgm%pgggﬁg£§9£a%h?@ﬁoEghngetQmﬁmoyed for
another part of the pixels of the display shown in
FIGS. 1 and 2; and

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

Best Mode for Carrying Out the Invention

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

FIG. 1 is a sectional view schematically showing a
display according to an embodiment of the present
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



invention. FIG 2 is a partial cross section of the
di splay shown in FIG 1 . FIG 3 is a cross section
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whi chcan be enployed for the display of FIGS. 2 and 3

In FIGS. 1 and 2, the display is illustrated such
that its display surface, that is, the front surface
or the light-emtting surface, fkaces upwardly and the
back surface faces downwardly. The display 1 shown in
FIGS. 1 and 2 is a top em ssion organic EL col or

di spLay s8PLaYisgeancast tNe ABLHLXydeEviDgsethaedd 3Ihe In
organic EL display 1 includes an array substrate 2 and

a seattpg mesher23 thdhaispahiyngsnmebbestBatedasgbhsshat its
substrate in this exanple, and its surface facing the

arr agispbsyratef2cbasthatetessedeshapet forfeganpkethe

The array substrate 2 and the sealing substrate are

j oi nédlohbgenhetiny perfpheri 68cehePBBRIBYYnBRAStBE, back

for exanple, adhesive or frit seal so as to form an

encl 84&82spatecehef@BBYAEEAY - The encl osed space is

gastight gnd [y be,f1l gt U8 Bcknort gaesuah atop

L L A95L0E, UL gRed BBt BEL MBS SeALEBYQUO akeuve

eoblp TR e e BT 1R e phpsgating

organhe1BLEr Lal ak3%§r suBBtrate 2 and a sealing member 3.

The 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
or frit seal so as to form an enclosed space
therebetween. The enclosed space is gastight and may
be filled with an inert gas such as nitrogen gas or be
evacuated.
A sealing technique of filling the enclosed space

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
material layer and the inorganic material layer is used

instead of the glass substrate may be utilized, for

example.



inorganic material layer, or a lam nate of the organic
material |ayer and the inorganic material layer is
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for exanple .The organic EL display 1 may further
include a polarizer 4 on an outernost surface on a
front side of the display. The polarizer is useful in
preventing the display surface fromreflecting
extraneous |ight. The array substrate 2 includes an

i nsul ating substrate 10 such as a glass substrate. On

the insul@fdi ncgra%%p%? :(ng% egdl l%éxﬂﬁa&arﬁuﬁﬂﬁ@ﬁgﬁﬁci@d@ a

matri x form I ncludes a pixel circuit and

an qrgan &L elaren AbsedhesPi xetr£dd ot ta i hicdnideside of
for ‘exanple, a drive transistor (not shown) and an

out prie COMdp Iy SWiTieh 281 connect edl hreSel i Bs pwerenheng the
organi c EL el enent 40 between a pair of power supplg

t er rdhab Bay anar i ol £ s t ohif {eot Lishosw) rangogat braht -

the drive transistor is connected via the pixel_ swtch

to a videbBhsignady| swestnateshohnylprdpg an insulating

correspondently with a colunn of the pixels. The drive
tran%¢@$%¥a%@t%@t%u%bc®$r%n@%a%ﬁo§%b HhFt ude

i anal 118, 88 LRESGRGARRCo B S bPBRBt CA0STI S Fhac e

OUPUL SRl W gl 20 sALget eegle BB it pier

corrgspondent )y &ﬁtgr$a£9¥’§£ Lhenphxehs. A

The pixel circuit includes, for example, a drive

transistor (not shown) and an output control switch 20
connected in series with the organic EL element 40
between a palr of power supply terminals, and pixel
switch (not shown). A gate of the drive transistor is
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
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 operation of the pixel switch is controlled
by a scan signal supplied from the scan signal line.
Note that other structures can be employed for the
pixels.

On the insulating substrate 10, as an undercoat



swi tching operation of the pixel switch is controlled
by a scan signal supplied fromthe scan signal I|ine.
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pi xels . On the insulating substrate 10, as an

under coat | ayer 12, for exanple, an SiNx | ayer and an
SiOx layer are fornmed in this order. A sem conductor

| ayer 13 such as a polysilicon gayer in which a
channel, source and drain are formed, a gate insul ator
14 which can be fornmed with use of, for exanple, TEGCS

(tetraethyl, or | )i gate angy a &r &l petL,008; layer
rradel%?e,f]flozr' eé%pnrsﬁie%n?%b\/& aanre ar’t aI%}éd in this order

on the uagderseatn layed dieand A hese dey@isc$ormpet op3
gatetype thin filmtransistor (referred to as a TFT

her el naf t£5 )a . pd Iy 1 scoxample; imeviEdls arehaseel assource
the pixel switch ST, output control switch and drive
transigtdraifustdieformadt e grite imswlateor 14, wistan can be
signal lines which can be forned in the sane step as

t hatfdomed hel gatese| @t riele 2mmpee arFapgeltepacthyl
interlayer insulating film 17 made of, for exangl e

Si ocnkhes 1 scaepbsi 1-Y DyJat pl akHat EVEF an% HBRCe cober §OF
the gate jnsulator 14 and rgat el ectrode 15. SOU{]Igg

and HATRL 21 Mo oot 18 572987 r Ahgel DnCt et i Rt erTayer

o SLLPS, L ML, pad Lhevepre. Dl el Pty a < sace-

Sour%&pgnghgﬁakﬁlﬁl€f££§P§§o}6(P@f@rré@rtsxggpgeTF@
hereinafter). 1In this example, the TFTs are used as
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.

An interlayer insulating film 17 made of, for
example, SiOy which is deposited by a plasma CVD
method, covers the gate insulator 14 and gate electrode
15. Source and drain electrodes 16 are arranged on the
interlayer insulating film 17, and they are buried in a
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 of the TET via
contact holes formed in the interlayer insulating film
17. Further, on the interlayer insulating film 17,
video signal lines (not shown) which can be formed in

the same step as that for the source and drain



three-layer structure of Mo/AI /M, and electrically
connected to the source and drain of the TFT via

wae ovbas9seol es fornmed in the interlayer insul apCTgP200d/008223
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17. Further, on the interlayer insulating film 17,
video signal lines (not shown) which can be forned in
the sane step as that for the source and

drai nel ectrodes 16 are arrangedy A flattening |ayer 19
is formed on the passivation film18. On the
flattening layer 19, first electrodes 41 with

Iig%ﬁé%g&k%%%%Q% %Eggﬁ&%%n%%%_arranged spaced apart

f romone “anot her. rst electrode 41 is connected

to a drai €l 86tdpde; 16 yd:a thricughohel@orf aeddssivation
the passivation film 18 ‘and the flattening | ayer 19.

The ii1rst; el eady ades 41 dts i nandde/dm 1thi S iexans lectamdes
a material of the first electrode 41, for exanple, A,

Ag, 4AUvanRth Qrigreg deef lesed.onA ppaadd o in st zangrfl spaced
| ayer 50 is placed on the flattening layer 19. In the

par tidsimn fimsulate rapdtdear. sEaathriodg- et e 41 1s
formed at positions corresponding to the first

eleGﬁ?@m&Qt&mﬂtqnﬁgQﬁﬁ%qtqkﬁpq iﬁﬁlﬂfqzﬁﬂﬁo%ﬁpTgp%ﬁF
o BRFISA 8 Pt BN Sy ey G qUse E R tening

active layer (or an organic layer) 42 including a
| i ght®%m tting | ayer 420 is placed on each first

The first electrode 41 is an anode in this
example. As a material of the first electrode 41, for
example, Al, Ag, Au and C; 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
to the first electrodes 41. The partition insulating
layer 50 is an organic insulating layer, for example,
and can be formed by using a photolithography
technique.

An active layer (or an organic layer) 42 including
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 1s a thin film
containing a luminescent organic compound which can
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



el ectrode 41 which is exposed to a space in the
t hrough-hol e of the partition insulating |ayer 50. The

wo e@h3was tting |ayer 420 is a thin film cont apPei/nepoes/018223
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| um nescent organi ¢ conpound whi ch can generate, for
exanple, red, green or blue light. The active |layer 42
can further include a | ayer other than the
light-emtting |ayer 420. For exanple, the activel ayer
42 can further include a hole transporting | ayer 422,
a hol e bl ocking layer 423, an electron transporting

| ay an e on . injecti
LTy PR utgherionlayer e biklsnolaves Laver

| Ohiaemid bidige | SHEEK 20 TRYeDesRTOTgRECeoRE®H [ al or
organic material. The partition insulating |ayer 50

and ¢ henassivend ayeyed? af eetovered imidcaisecbager 425,
el ectrode 43 with [1ght-transm ssion property. In this
exanphefet heapeconnls gl ectrodeadSrizl s cht hodelakieth psher
continuously fornmed and common to all pixels. The
secotithe| e r bilghd3emstelegt kavar | §2@ opnechediperganic

el ectrode wiring (not shown) , the electrode wiring

bei mpteoriel oh eheanagePabArWhich the vi deo signal

| nes 3 oglorIod Y8, COBLREL ok o2 Mol ) LT R e

o AAgeRREAL LT VS 00,218k 5R, Eaghobganks R

layeiié t9@9a§§ﬁ99918he§E589§t§3- In this example, the
second electrode 43 is a cathode which is continuously
formed and common to all pixels. The second electrode
43 is electrically connected to an electrode wiring
(not shown), the electrode wiring being formed on the
layer on which the video signal lines are formed, via
contact holes (not shown) formed in the passivation
film 18, the flattening layer 19, and the partition
insulating layer 50. Each organic EL element 40
includes the first electrode 41, active layer 42 and
second electrode 43.

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
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



A diffusion |ayer 60 is placed on the second
el ectrode. A variety of structures can be enpl oyed for

wo b@easFobausi on | ayer 60. FIGS. 4 and 7 are secPCDMR2005/018223

10

15

20

25

views each schematically showi ng an exanple of a

di ffusion | ayer which can be used in the display of
FIGS. 1 and 2 . The diffusion layer 60 shown in FIG 4
is alighttransmtting layer having a main surface

whi ch isprovided with randomy arranged recesses

and/ or protrusions. The diffusion |ayer 60 decreases

0bS Ikl flly f16F U AL SERPNABNGIRS] afeddisdl | gl nass

and ‘chromaticity of a display imge. In addition, the

di f fisdiand ey, 60ridcd emes diheld ywd riusiemergye of

the 1ight which travels froman inside of the display

1 t olderwitsdrdeliyedt sor | dperstatdiors myf efffederigharess

is, the diffusion layer 60 jnproves an outcoupling,

ef f i midngyromat tdiet exafipd edofp G 1mage ¢ hel B 34kt bon, the

| ayer 60 shown in FIG 4 is, for exanple, a resin
sheeliBfusiomesiayey | ¢ WSS b haldl Br sy Freepy of the

In this case, the diffusion layer 60,is fixed
secohEolel eEt ket BBV BYS nbarid Jarhsja%%e%% Ve a@g“?g%iﬁf 1 to

Lo PXEmL e, The. 4 ckneag, el s e hCe yeclaer Bafon

us, even I |rregu[ar|t|es
HetE L S R b e St o
efficiency.

In the example of FIG. 2, the diffusion layer 60
shown in FIG. 4 is, for example, a resin sheet or a
resin film which can be handled by itself. In this
case, the diffusion layer 60 is fixed on a second
electrode 43 by means of an adhesive layer 61, for
example. The thickness of the adhesive layer 61 is
20 pm or more in general. Thus, even if irregularities
occur on a surface of the second electrode 43, a gap is
prevented from being generated between the adhesive
layer 61 and the second electrode 43.

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 particles 62a with an
adhesive 62b. The adhesive 62b bonds the transparent
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



| ayer 61 and the second el ectrode 43. The diffusion
| ayer 60 shown in FIG 5 includes light-transmtting

WE006i083966 62 pl aced on the second el ectrode 4BCT/TiFR805/018223
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light-transmitting particles 62 are formed by coating
transparent particles 62a with an adhesive 62b. The
adhesi ve 62b bonds the transparent particles 62a

t oget her and bonds the transparent particles 62a to
the second el ectrode 43. The diffusion layer 60 shown
in FIG 5 can be forned bydistributing the

l'i ght-transm.tt] ritd i i
(| SRR L I a I S e et o2 over

| ayer, SO shawn didt:Gad campesdforsrdiby heteddbut i Tige

the transparent particles 62a over the adhesive | ayer

61 hy: maisin draydy cesshowthel diffauisi ©ncdayer BOBEBOWY

in FIGS. 5 and 6 nakes it possible to inprove the

out chid i Mgtefifg ditendyr doyspaghtt seatitieriery. 6Fmeover the

di ffusion layer 60 shown in FIG 7 is a

| i ghecived e | raydmy@lr Whiwet | el dgesprecess.  The diffusion

light-transmitting resin 63 and particles 64 dispersed
t herleayer The e ciest 6 are 4 f & rEhtes npr??%gfbfe to

property such as refractjve i ,f t he, . _
L ght)mﬁﬁ%‘ﬁ%n?? i%t%%ﬁ?#%%.é@ﬁ?ﬁ?‘?‘%@%ﬁ%%@%ﬁ%%tte“ng'
can be fo . for _exa b ' .1 h -

electrode%ﬂg %%% u%}%%g?%ﬁars%PE?ﬁ%ﬁgak#cﬁlggﬁ?ggﬁsa 1ight=

the gg%%{géfﬁ?tl%ggg h e{ﬁ@iuégé_£hfi%ht—transmitting

i ght=transm resin 63 and curing the obtained

coat i ng: fi b5 2 Netgathat1tbecmayespalsé@rthbgein. The

lighttransmtting
particles 64 are different in optical property such as
refractive index from the light-transmitting resin 63.
The diffusion layer 60 can be formed, for example, by
coating the second electrode 43 with a coating solution
which contains the particles 64 and a material for the
light-transmitting resin 63 and curing the obtained
coating film. Note that the material for the light-
transmitting resin 63 is the one which can be cured at
a temperature equal to or lower than the glass
transition temperature of the organic layer 42.

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



resin 63 is the one which can be cured at a
tenperature equal to or |ower than the gl ass
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di ffusion layer 60 of FIGS. 5 to 7, a material higher

in refractive index than a wavegui de | ayer such as

TiC2 or ZrC2 may be used for the lighttransmtting
particles 62a and the particleg364. In this case,

hi gher outcoupling efficiency can be achieved as
coPpared with the case where a resin having a

refractive index,. t [ 58 Iy t LSl

, the or dghitgl%@lg{pelﬁﬁt%’m])t oror%rfs at d:I e%\%tglgenggarft? %%/ JLjaorms
M Cr@- Gayi &y SYIUGt Wie Mai e dBng, GAviddb Bld ual ur erhe
MC includes a reflection layer RF and a half mrror

| ay gl M faeting, eachathes Mndrclluddd satefiediSon layer
i nt erposed between these layers. In this exanple, the

r ef Irgetdran d ayers RE dont He fdr $iM el ascitnodem it otitgr and a
half mrror layer HMis, for exanple, a buffer |ayer

426 Inegte: ofouMyAg . LSTHe Hd s ssblraierasd Hawese | e 10

structpre_includin a hole injection |la er,42]}i a_hol e
L aripr D et ZCGP AR |y Sy U20-0% o et
ocking layer 423, and an_electron injection |ayer

425 e e 7ede ekt i o My RV ST Y F]a@%érmcﬁsha or

th S T AT T e i 18 2 TATer ST ko

has |1 ghtstransil ssion dropest y,and-Lightriefhgcs insie
injection layer 421, a hole transporting layer 422, an
emitting layer 420, a hole blocking layer 423, and an
electron injection layer 425.

The reflection layer RF is a layer which has
light-reflection property, and typically, is a metal
thin film. The half mirror layer HM is a layer which
has light-transmission property and light-reflection
property. The half mirror layer HM has a higher
transmittance as compared with the reflection layer RF.
The reflection layer RF has a higher reflectance as
compared with the half mirror layer HM. For 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 micro-cavity structure MC enhances 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



property. The half mrror |ayer HM has a higher
transmttance as conpared with the reflection |ayer
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as conpared with the half mrror |layer HM For
exanpl e, the reflectance of the reflection layer RF is
30% or nore, and the reflectance of the half mrror
| ayer HMis 15% or nore. The mh@ro-cavity structure MC
enhances the |ight whose wavel ength | satisfies the
rel ati onship represented by the follow ng equation (1)
. t-he .0 : ' whas V8t engt e 2
satoiq: se_fllrggcsl(%ﬁ{rleél g‘{g&%rnéssr‘héi%pﬂércg Eyesent Zfdd%y&ﬁtlﬁgﬂf 0 dllaoE/\JA: nrz; 2
equatd o {AudSedt t eniatied. odun e equations dptican
optical [ength between the reflection |layer RF and the
hal f1 didu1Prbd @yesn Hie Frd Sl ectphasel she f tRbfand giite half
caused by being reflected on the half mrror |ayer HM
<>2 niisrpophbseeshinit of 13 ghtolEaseshbit bef nglght caused by
reflected on the reflection |ayer RF, and mis an
i nt égeing +Jz¢ﬂ-la_cte.d ¢ Yhe Il Dmryen layvey Pént®2 rvnd
equations (1) and (2), the lum nance and color purit
of mhazmg%h%)%%e@f/ebzgkht A (1L o Tee TR Eaht s the
I mprove .enploying the mcro-cavity structure MC
I n t¥RE &R %‘P%n%‘?‘y?lﬁ\%%@;er?n He optita nf%%%%h Lis a
function of the observation

A B Dy )

A 2m 2m

2L @ ©, 2m+l
iy ===
A 2 2w 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
micro-cavity structure MC. In the equations, however,
the optical length L is a function of the observation
angle 6. Specifically, the optical length L is
proportional to 1/cos6.

Therefore, when a minimum value Lg of the optical
length L is increased, directivity is improved. That
is, a slight shift of the observation angle © greatly
influences luminance.

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

pixels having their different emitting colors. That



angle q . Specifically, the optical length L is
proportional to 1/cosq . Therefore, when a m ni mum
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directivity is inproved. That is, a slight shift of
the observation angle q greatly influences |um nance.
On the other hand, if the m ninmum val ue LO of the
optical length L is reduced, theg shift of the
observation angle q I ess influences the |um nance.
However, in this case, it beconmes difficult to

equald Zechgx% E%ia{nﬂgé@:ﬂﬂiﬁﬂt&?&ﬁé”@ DRt engtdtdure or

betvv_eén pI “havi'ng their different emtting colors.
Thatiitsy el diSu A PSS diddd bodduate a cbmgpl ibyated.
structure or its manufacturing process becones

conpl i cated. tiis tdd spThgpl aycte ,difEnslidd uki par | 6§ ets

60 is placed on the front side of the mcro-cavity
strystanrel M tHer@fore, siae debdiihed et ovavity jstructure
possible to prevent brightness of a disp|ay imge from
si glrMCf.l ca{lﬁthdgemm,gifnfg %%Wld?% Rl he Bbsk? REFOHPLE tO
angle or chromaticity of the display inmage from

Si g:mewrﬁTh |k3/rﬂeq¥a¢fg€rfr@a e Orh A6 Jt‘?%g%b@é%ati on
angle. That is,. according to the. present. enbod] :

hi grﬁhﬂo@i%lpﬁla%ﬂrhw i ?%ﬁ%%h‘g%ea%%%lf dei\?%%.t% et 8&%&%‘9‘5“&
graph show ng .an _exa 0 ] SSi c f

o S ST T AC Y O o g Y o e, Tom

Stru§£§ﬁf¥f€a£¥f§icﬂaﬁ@9ng acEdBiidy i o 2t B aPPservation
angle. That is, according to the present embodiment, a
high display gquality 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
showing an example of emission spectra of the display
shown in FIGS. 1 and 2. Here, the structure of FIG. 6
has been employed for the diffusion layer 60.

In FIGS. 8 and 9, the abscissa indicates a
wavelength, and the ordinate indicates emitting
intensity of the display 1. Curves 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 angleme = (0°). Curves Bl
and B2 indicate emission spectra of the display 1 in
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°).



showi ng an exanpl e of enission spectra of the display
shown in FIGS. 1 and 2 . Here, the structure of FIG 6

whameloawse enpl oyed for the diffusion | ayer 60.PCTIR0GA18223
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8 and 9 , the abscissa indicates a wavel ength, and the
ordinate indicates emtting intensity of the display 1
~CQurves Al and A2 indicate em ssion spectra of the
display 1 in the case where a digspl ay surface has been

observed in the direction of the normal |ine
(observation angle g = 0). Curves Bl and B2 indicate

em ssi on ;spegtra of ) the: digplay dnd ut Sémwheieg the
the di spl'ay sur acen has bee'ﬁ observedlgitﬁlef}ﬁe di recrfe? on

crosgidg 4she, diggat ian of g nervaleddute st @l ey

of 60 (observation angle q = 60).A s shown in FIG 8,

in theud speynnond tilg dihee didffiusi emdlay et 60, clearpirk by

wavel ength is changed by about 100 nmas the

obsegovat i am anglerapt s charnyedlimpby inckhirastein

the display including the diffusion |ayer 60, as sho

in AiGIwiorevayesrf ¢he absEr¥dt i Yh Fa%%i e $Ehkhg

by 60, the peak wavel ength is not changed. ln this

manrErSeyVREIRD ArplayP i hel HeRHEY R e r - Ca RyAK

structure MC, by placi the di ffusion_lI 0

fLonWa‘é‘?Jo%l%’?ht%% Wﬁir%?%%%?y S{rll et U eﬁ%ﬁe‘?he&q the

observatjon direction depe Y - the L Cj

can E?Je%c]erb‘?fﬁjé}gl ?slgggg(?a%%%%%ﬁﬁgﬁggﬁéiaﬂé%?/eby

8{SSP%%éfﬁéogﬁglgipfﬁgfgﬁ P OPSEE VEL | PR aPgber 888de of the
micro-cavity structure MC, the observation direction
dependency of the chromaticity can be reduced.

FIG. 10 is a graph showing an example of a
relationship between an observation angle and display
luminance. In the figure, the abscissa indicates a
direction parallel to a display surface, and the
ordinate indicates a direction vertical to the display
surface. A curve C indicates luminance of a display

omitting the diffusion layer 60 from the structure of

FIGS. 1 and 2. A curve D indicates luminance of the

display of FIGS. 1 and 2. A distance from an origin 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
this straight line and the vertical line is defined as
an observation angle 6.

As is evident from the curve C, in the display



| um nance. In the figure, the abscissa indicates a
direction parallel to a display surface, and the
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surface. A curve Cindicates |um nance of a display
omtting the diffusion [ayer 60 fromthe structure of
FIGS. 1 and 2 . A curve D indicates |um nance of the
display of FIGS. 1 and 2 . A dijstance froman origin

to a certain point on the curve C or D corresponds to

| um nance in the case where a display surface is seen

in [ t : i ighty 4 i pass tion

thr E)%Jghgtﬁglg[ %ﬁﬁ{l@fﬁ tahrg lgd}yi%lir zr?.cg'Anl angl e mademgay

t hi sar§9tlrealeg_t1ts |dineyrand; tdhe medd i oadm 10 e tse defiveth@s is
an observation angle q . As is evident fromthe curve

C , dingrtive «hrsplyayieviditddg tdre tdid faidieon Haydr 80,the

the observation angle q is slightly shifted fromO,

t he dipInande direlsidyimd i Wentdyf Twsdered aXa¥ tHy dhels
hand, in the display 1 including the diffusion | a%/,er

68, sl dentevinientthie ot Rurs/ee 1T dhh Gysqpgation angle
observation angle q is significantly shifted fromO0O, .

ghe EP; ung rfgireel @%}%J@ht?@gﬁﬁ%r"g@m){%m 1 d][LHTélnance S
isplay 1 including the. diffusion |aye S: I
obse?Jxﬂg‘i”FW d]'r‘?"éec]ﬁg%h Z%tbae%dje%’cy%? %’lugrﬁ)ﬁg 22 %@ﬁuéfﬁg the

ComPRLEEL AT LGS e LT 109 S0l on ) yeton
L Ofdé}pgm%)ﬁéf‘%flftﬂgfllﬂaﬁcésa§n@&hpa§e§|\bﬂm shiflioplay
omitting the diffusion layer 60.
Note that even in the case where the minimum value
Lo 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 adhesion is likely to
occur.
In the present embodiment, in achieving the above
effect, there is no need for reducing the minimum value
Lo of the optical length 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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necessary to control the filmthickness of each |ayer
with high precision. In addition, if the m ninum val ue
L Qof the optical length L is reduced, a short
circuit between el ectrodes causgd by dust adhesion is
likely to occur. In the present enbodinment, in

achi eving the above effect, there is no need for

reduci ng.t he mni I of ..t he optigal; h L

or ther evit‘—’gf Oélsngrggimff\é%aggﬁhsoﬁaﬁqng)et ngo%?llrﬁ tetﬁﬁkness

of eg %l%%y%ﬁ wi th high precision. Therefore,

according-to the present embodinent, a manufacturing
process i d acil itatedcnd dria wielw searentrically showing
i mproved. Vari ous nodifications can be made in the

di spl ap shlayFlGeokliing acsechicarialied enaseenat iTa 1display
showi ng a display according to a nodified exanple. The

di gpj af FIof. AIGhakl ehad rachumee vl hwdiscipulstantially
substantially identical to that of the di;ﬁ%gy

FI G3.dehtdmb 12 texddpt afatih el ord g -aé ioa;“d 2

B

:Sggg}:]hqipqeagfjﬁ&fj %‘?4 'etr-elz-gy .isdr{lcgar OeIS %%lggrkigé;e]{ glﬁgiq{agsgt eocpf
attaching the diffusion layer 60 onto the second
electrode 43. Thus, a position of the diffusion layer
60 is not limited in particular as long as the layer is
positioned on the front side of the micro-cavity
structure MC.

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

FIGS. 12 and 13 are sectional views each
schematically showing another 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



positioned on the front side of the mcro-cavity
structure MC. Various nodifications can occur in the
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FIGS. 1 and 2 . FIGS. 12 and 13 are sectional views
each schematically show ng anot her exanple of a
structure which can be enployed for the display of
FIGS. 1 and 2 . In the mcro-cagity structure MC of
FIG 12, the first electrode 41 is a |ight

transm ssion electrode. In addition, the reflection

layer RFE 1s.plac t hack, e Hdwe fdrsdking layer
el ectrode < tpu% te]ga%(kce{)’zte% on to the above, the

M Cror-avid el el 80 Gt ik hasyex staict ure

which 1s substantially identical to that of the

m cro- cavif yrisd rucéts-ecdMaof HucBure NOT eof hBIGt hE2, an
mcro-cavity structure MC further includes an '

el ectT®Nt TredsEort imgptiader 424 etweeh ahes Hodteerial of the
bl ocki ng | ayer 423 and the electron injection |ayer
425.f1mstt hel edtrode Ad + yEat resa ke MC B HE t1o0, ghor

I TO (indiumtin oxide) can be used as a materi al 8f th
t he dxamplel dttr e ALo¥ orBBx Al 2LLeYy Aidi 1376h, Cf ot the
exanple, A, Al alloy, Ag, Ag alloy and or the

| i kel Eem Fn Reduerd 22 fref é??ig?“o?ft%%%%Jé%?%%tjr%}ﬁer

RF. In the mcro-cavity structure MC of FIG 13, the

buf fE3Y$ayRY - 426 does not serve as a half nirror |ayer

In the micro-cavity structure MC of FIG. 13, the
buffer layer 426 does not serve as a half mirror layer
HM, and a half mirror layer HM 1is placed on the second
electrode 43. With exception to the above, the micro-
cavity structure MC of FIG. 13 has a structure which 1is
substantially identical to that of the micro-cavity
structure MC of FIG. 12.

In the micro-cavity structure MC of FIG. 13, for
example, an organic layer doped with alkaline metal
and/or alkaline earth metal can be used as the buffer
layer 426. In addition, a multilayer film made of
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
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



HM and a half mrror layer HMis placed on the second

el ectrode 43. Wth exception to the above, the
woR@cos®wsé ty structure MC of FIG 13 has a st rRCT/or205/018223

which is substantially identical to that of the

mcro-cavity structure MC of FIG 12. In the

mcro-cavity structure MC of FIG 13, for exanple, an

organi c | ayer doped with al kal ppe netal and/or

al kaline earth nmetal can be used as the buffer |ayer

426. In addition, a multilayer film nade of

di ¢ . . . in e
hglefn%&trrdvp%qaﬁ;elaerwlratmj& fiddnsay be dspthasthein th

mrror 1ayer for exanple. In the case where a

met @l dhiyh did M ignusethas theald yded orhigyer HV
in general, a high reflectance can be obtained in a

W de mavelengid¢ ange. bt raicher hand, in the case
where a nultilayer filmnmade of dielectrics is used as
the hal f whirerriayerl HMdihl deares ashown hi ghop emission
reflectance can be obtained only in anarrow wavel ength

5 rang.sfHaeverhe | preeeiel alnvent e et e ieries fpplisd to a
mul tilayer filmis used, higher transmttance can be
obt diqieerm Wil e PGS 9P G 11 have shown a top

em ssion display, , the t_j ti :
o 55100, G1PLEY, 1 L12 BLSSEIL,L IELL! 90, 680, 21901 Posrouing
sectional view schenatical l ' - i spl
acccﬁcﬁ%ﬁp%iya%%?%ﬁg?%%d? i%%§g§%%p e&lg%%g %%aT%l%'
sectipnal, yi ew scheopiical | yi ShowkNgmaPically showing an
10 example of 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. 1, the diffusion layer 60 and the polarizer 4
are sequentially arranged on an 6uter surface of the
array substrate 2. The display 1 of FIG. 14 has a
structure which is substantially identical to that 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

structure.

In the structure of FIG. 15, the buffer layer 426

is omitted from the structure of FIG. 3, and an

25 electron transporting layer 424 is further placed

between the hole blocking layer 423 and the electron

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



exanpl e of a structure which can be enpl oyed for the
display of FIG 14. In FIG 14, the display is
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the front surface or the light-emtting surface, faces
downwardly and the back surface faces upwardly. In the
display 1 of FIG 14, unlike the display 1 of FIG 1 ,
the diffusion |ayer 60 and thegpol arizer 4 are

sequentially arranged on an outer surface of the array
substrate 2 . The display 1 of FIG 14 has a structure

Whi GfY i adaldy identiicalt to-drhati ofiddelectrode,
di sglgy 1 oté%Fl GS. 1 anld 2 exggglpt that a structure of

FI Grpks s hean &t ayedi 3 n additd dredia dhel apaveRF, and a
structure. In the structure of FIG 15, the buffer

| ayeta 142 il 15 i 14 et filon ¢ heusthectalraced ¢t G Bront side
and an electron transporting |ayer 424 is further
pl acedl Hiet igierstt hel ot eode otki ng | ayer 423 and the
el ectron injection Igger 425. In the structure, o F%%he
15, t hef iAbtardbet rbgho 49an Pa 15¢ht3F randaresidn ©
el ectrode, the second electrode 43 is aArefiec (_llo%& £11m
| ayete R P FAE Hirr ?rlea’%?p% i & vt et BT Aced
on a front_side of the first electrode-4l Al and/ oL
il ed as
MyAGREEh Bl %%eejue%%rjac?ra?%rwe&faf(;f%%ﬁg second el ect r ode
43, for examle. A miltilayer filmimde of dielectrics
or n%?%l@ﬁﬁﬁﬁ%ca&%e used as the half mirror
layer HMA£olrla§X}§g'8}1edescri]oed with reference to FIGS. 1
and 11, the display 1 may be of top emission type.
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
layer RF and the half mirror layer HM. That is, the
organic EL element 40 may be a part of a micro-cavity
structure MC. Alternatively, the organic EL element 40
itself may be the micro-cavity structure MC.
Alternatively, as shown in FIGS. 2, 11, and 15, only a
part of the organic EL element 40 may be sandwiched
between the reflection layer RF and the half mirror
layer HM. That 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.
In this case, for example, a color image can be

displayed by using a color filter.

The diffusion layer 60 may be placed only at



As has been described with reference to FIGS. 1 and
11, the display 1 nay be of top em ssion type.
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FIG 14, the display 1 may be of bottom enission type.
A's shown in FIG 13, the entirety of an organic EL

el ement 40 may be sandw ched between the reflection

|l ayer RF and the half mirror layer HM That is, the
organic EL el enent 40 may be a part of a mcro-cavity
structure MC. Alternatively, the organic EL el enent 40

itself .may b h ' - [ ' 13
W § BPRAE YRR, uhIgnT cEkdeeBn (8! PSS thing 2 specific

a part .ef Jthe grganie Flgl erRNbAR 1R e ts aadiitdhec
A

bet weén t reflection layer RF and the half mrror

| ayen ;HM cThak shondd teakt xefl st hevamga rine tle relearisriti r40

may be a part of the mcro-cavity structure MC. The

or gaRi1erEL ehrerents 43 sy fen texshiple,| ighteixed g fhsich do
case, for exanple, a color image can be displayed by

USi REta fealeortifd Idigitushive didfeusich lady Perarny- Pt L 1s

pl aced only atpositions which correspond to pixels
haviaw: ®uspeditte emaEARRad] o TeHid P Mot Paononip

pl aced at positions which correspond t [ V] :
anotiraresantachPe At 29978 P Tad! P )e(jgé?rpﬁb%?/ﬂéw%hls’

i xel s whic ' '
e e
. By atr%gor{sa'}%pp {1e)prfr§%eedpiq}/elt$ewmef§@éjaﬁh@rﬂ:(ﬂ-ﬁusion

layer 60, a sufficient color balance can be achieved.

The following construction may be employed for the
above described display 1.

FIG. 16 is a sectional view schematically showing
an example of a structure which can be employed for a
part of pixels of the display shown in FIGS. 1 and 2.
FTG. 17 is a sectional view schematically showing an
example of a structure which can be employed for
another part of the pixels of the display shown in
FIGS. 1 and 2.

A structure of FIG. 16 is similar to that of
FIG. 12 except that an optical adjustment layer 70 is
further included between the reflection layer RF and
the first electrode 41. A structure of FIG. 17 1is
similar to that of FIG. 12.

As is evident from the equations (1) and (2)
above, the luminance in the case where a screen has

peen observed in the direction of the normal line



even if the wavelength | does not neet the above
relationship (1) in the pixels which face the
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achi eved. The followi ng construction may be enpl oyed
for the above described display 1 . FIG 16 is a

sectional view schematically showi ng an exanple of a
structure which can be enpl oyeglsfor a part of pixels
of the display shown in FIGS. 1 and 2 . FIG 17 is a
sectional view schematically showi ng an exanple of a

structure whi d e
hedppibfe g Prg i D8 SR &0l AR EBen char JeRkn

strugture;qf (EhGr216 ks skhkhakot opthah eheFk@Gfet2 of the
excépt that an optical adjustnent layer 70 is further

i ncluded_batweensthactafkeeh amplrayenoRE iahd e sfsiiost

el ectrode 41. structure of FIG 17 is simlar to

t hat rafi FkGeylandAcs lios evirdényt ifr erlt hdeeqiateilonsliffering
and (2) above, the lum nance in the case where a

scr éen chds theen cobser Fedm @ache odiledat ithe GPts@! length D

normal |inedepends on the wavel ength | and the optical
| engthioull d. bEh@eproprgeterdl Satn fTedé&r 4o egﬁttgﬁjﬁ“{) hceo%or.

cTTect of AN o0 oLy SUNCLS on LIBLAVND o che
P SR DL P S TS o o
eac%f%ggggﬂu%éﬁé(ﬁﬁjection balance, degradation of
luminance, etc. Thus, it may be difficult to achieve
an optimal optical length L.
In such a case, for example, the structure of
FIG. 16 may be employed for pixels having a certain
emitting color, and the structure of FIG. 17 1is
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. In the pixel employing the
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 placed
between the anode 41 and the reflection layer RF, and
thus, does not influence the electron-hole injection

balance, degradation of luminance, etc.

Therefore, when the structure of FIG. 16 is



However, in general, a |ayered structure of the
organic EL elenent 40 is determ ned in consideration

w@b00eloas9s6 on- hol e i nj ecti on bal ance, degradat i peT/a#2005/018223
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l'um nance, etc. Thus, it may be difficult to achieve
an optimal optical length L . In such a case, for
exanpl e, the structure of FIG 16 may be enployed for
pi xel s having a certain emttifg color, and the
structure of FIG 17 is enployed for pixels having
another emtting color. The pixel enploying the

structure of -F1L.G,;181kngbyde h i eakmaditusigmestior and
Iaygppiﬁyegnagtﬁgs,éﬁs giffe%e%t%f%Qtﬁe opti%alhlength

L f%ﬁ@ %FE%U{&%&?E eRPkoK. a7t he stibuekuke fofr BliGelk7having
I'n the pixel enploying the structure of FIG 16, the

opt gk He@n@kh tk i6an che oept ictiez edmdepend og ¢het Adke in
optical characteristics and thickness of the optica

adj uslemenlsd ayere7@. sMreeovérs feenoplisealvesdjiys thient

| ayer 70 is placed between the anode 41 and the ,

r ef ldgateican draydr tRE, ngraalhls nedses ket IRIMiance Widout

b e L e S S
1 AR B LA 2, G o
P e g enetel e g col e uy e,
in the diggetion of &NENH Blokifg LRNebaonRs s zed
relationship between thickness of an optical adjustment
layer and order of interference in the 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
adjustment 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. 1In addition, in the figure,
reference symbols B, G, and R indicate data obtained by
carrying out simulation for pixels whose emitting
colors are blue (A= 480 nm), green (A= 530 nm), and red
(A= 630 nm), respectively. 1In the simulation, it is
presumed that the organic EL elements 40 whose emitting
colors are blue, green, and red have the same structure
except that a material for the emitting layer 420 is

different.

According to the data shown in FIG. 18, in the



i nfluencing the el ectron-hole injection balance,
degradation of |lum nance, etc. That is, it becones
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FIG 18 is a graph show ng an exanple of a

rel ationship between thickness of an optica

adj ustment | ayer and order of interference in the case
where a resin |layer having a rggractive index of 1.5
is used as the optical adjustnent [ayer. In the
figure, the abscissa indicates the thickness of an

opti cal ad]
an. BEaEP of T rTer ShEE Wb ch i € Cachod ot e Trgn "

trayeling ;i Lhe %ECEQeC%ﬁkﬁﬁaat%@%b@&&eM@ Rylee 70 is set
dlrectlon normal to a filmsurface. In addition, in

the fj 9w, Ji@h@nencersybalo® Bm, Gn oamdaerﬁderrtareference
data dbtai ned by carrying out sinulation for pixels

whose eRddined ol or yadie kiluse Ito 480 imbegeyri@deyl =2

530 nm , and red (I = 630 nm , respectively. In the

si mgratihen otiteri $1aprdas umed hehatl #edes GHPET @HEECtlng color
el ements 40 whose emitting colors are blue q:

r ed iaveed hehsamt bt rpdtiacd eddiepttneidt @ g gis fot

the emtting layer 420 is different. Accord 0 the
dat ®1strseh ian ArEen @t (I HHS @S whbst ﬁ%& 24 € value

opt (OB 5 or 5 et 10 Plned 4ne

about_ 100 ran orqgr [ ot ero or exanp’ ¢

as PR Cei%js%nttnbenan la éergew q{%ou@%iékr@é@&?dabout
100 nm is placed only in the pixels whose emitting
colors are blue and green, high front brightness can be
obtained in respective pixels of different 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 color.
The above described effect can also be obtained when
another structure is employed. 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 emitting colors are
different from each other. For example, in an example
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



On the other hand, in the pixels whose emtting col or
is red, when the optical adjustnent [ayer 70 is not

w@b@emstos@n order of interference is obtai ned BEST/aP2005/018223
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value close to an integer (about 1 ) . That is, when

an optical adjustnment layer 7 O having thickness of

about 100 nmis placed only in the pixels whose

emtting colors are blue and gepegen, high front

bri ghtness can b e obtained in respective pixels o f
different em ssion colors . In this enbodi nent, the

opt | A9 ustimends J ARt/ O d e ol AL eth heigveai diieess of
anode 41 and the reflection l'ayer RF only in the

pi xelgn f rePewd il RIEE Siror 0 Wirke Mevtaboyeemitting color
descri bed effect can also b e obtai ned when anot her

strucd weeil s enpl oyed. For exanple, it is possible to
enploy a structure in which the optical adjustnent

| ayer 70 Additbeeal beivasipdée amddecdif hprtipes will
reflection layer RF in all the pixels and the optica

t hi clerdsly ICTUe optiee atfustent? | Rrate | stheretore,
di fferent between the pixels ose emtting colors

di f OFo N FF A GRcH? CkHor DT G5 b 655 | 1o diC exuBl 650 £

h in FIG_18, .the i cal_adj . S
vt e (i eRrEe S o o ey e b b e

. l,s_ wh . . ‘ arious
p! Xe%}go 03§4 e&%%%%?eﬁ%ﬂ%é’{élﬁf € ig&ﬁ&@mgg eep

andt %%tlcal ayer 7 avi ng” thi ckness of

180 nmy Ry - De; phaced, i ke theq i wet Bowbhogspept ihgNProm the

color 1s red.
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



Addi ti onal advantages and nodifications will readily
occur to those skilled in the art. Therefore, the

WO pwe/0839661 i n its broader aspects is not |im tedI/IRR00IES8223
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specific details and representati ve enbodi nrents shown

and described herein. Accordingly, various

nodi fi cati ons may be nade w thout departing fromthe
spirit or scope of the general 2pnventive concept as
defined by the appended cl ainms and their equivalents.C
LAI MS1. Adisplay conprising: an insulating
substrate; a sealing nenbeg fa@i nrgmt ke i nsul ating
substrate; pixels interposed between the insulating
substrat erandat hespeali sgmpeirtbehgand each conprising a

m crocavity structure, wherein the mcrocavity
structureaaotrpsuiesiagr ehbettrehg:l ayer, a half mrror

| ayer facing the reflecting |ayer, and a Ii%ht sour ce

i nt er posed bethesn mhwbeef Fectinggthayénsapdting gapbptrate;
mrror layer; and a diffusion |ayer facing the half

mrror |apéKrels ?ntﬁépéﬁ§ﬁlQ?ty@éér&PﬁgnguéﬁgﬂﬁﬁlstStrate
wherein the display is col or. di splay. 3...The

i SpFES BEEPERRUTEOTEFARR T50 GREPer PRSI SpPay | s

i c EL,displ 4 . T i - '
oo e taker g RBFREcrR gk, MOER PP ERY, ATER0ERRACY

clai . t "source I'ncl u
en‘tE%Qgck§¥8rcgﬁpﬂﬁsggggnkgflecting 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.

2. The display according to claim 1, wherein the
display 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.

6. The display according to claim 4, wherein the
half mirror layer is a front electrode of the organic
EL element.

7. The display according to claim 4, wherein the

organic EL element is interposed between the reflecting



EL elenment. 5 . The display according to claim4 ,
wherein the reflecting layer is a back el ectrode of

wWo b@eosiyami c EL el enent . 6 . The di spl ay accordi/mepooin1s223
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claim4 , wherein the half mrror layer is a front

el ectrode of the organic EL elenent. 7 . The displ ay
according to claim4 , wherein the organic EL el enent
is interposed between the refl eegi ngl ayer and the half
mrror layer. 8 . The display according to claim1l
wherein the half mrror layer is a netal layer. 9 .

The displaygceoldinag # ¢ amikyemherein the hal f
mrror “layer 1s a nultilayer f|In1nade of dielectrics

10. The di splray AGord) neddr&ildg mdt clamierei nitdeein the
pi xel s includes first and second pixels different in
em t thandg edlralof rNnemeaacts at hertawiervgm each of the
first and second pixels further conprises a back
el ectrode f (e cliganiay Ecalmhiers tintergposed bérgwsin the
the em tting layer and the reflecting |ayer, and
wher &3 oF rEee fliavsr drd o avdid lsived €1 hmpden ot
first plxel further conprises an optically adjusting
| ayed G UG transmitting property |nterposed
bet ween tq%_reqﬁgndfg££§yer and, t he bac %!eg

according to ¢ ereln 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



11. The display according to claim4 , wherein the

pi xel s includes first and second pixels different in
W@riob33986 col or from each ot her, wherein each PET/I#P005/018223

first and second pixels further conprises a back

el ectrode of the organic EL el enent interposed between

the emtting layer and the reflecting |ayer, and an

optically adjusting layer with kigght transmtting

property interposed between the reflecting |ayer and

t he back el ectrode, and wherein the first and second

pi xelis ayge idid1f enemiine aptd Calhd igkinesisl pfadfesting layer

optically adjusting | ayer fromeach other.

from each other.



