1 DESCRIPTION DISPLAY APPARATUS TECHNICAL FIELD [0001]
The present invention relates to a display apparatus including a
self-luminous type light emitting devjce such as an organic EL (Electro
Luminescence) device. BACKGROUND ART [0002] In a display
apparatus, view angle characteristics of luminance are a factor
significantly affecting the display image quality. In general, in the case

where a self-luminous type Ii@ﬁg@ﬁgﬁq(ﬁgvice (self-luminous device)
such as an organic EL device is used, light emitting itself is perfect

diffusion. Further, due to micro cavity effect of the resonator structure and
the like, even in the case of using a device structure in which extraction

efficiency in the front facegligstion ispp)gsaveds the light emitting section
is able to be designed as a section similar to a perfect diffusion light

source. Thus, it has been regarded that the self-luminous device is
advantageous to the view angle characteristics of luminance. [0003]

TEHGWRVET, iNthe;case where a display apparatus is structured by using
such a self-luminous device, in some case, in order to realize high
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reflection from a backplane (one of a pair of substrates that is located on

typéhe:pPpasiigside el thedisnlavfase). ofroutsidedightniFiytber. jnarger to

improve color purity in addition to high contrast, in some cases, a black
matrix layer structured integrally with a color filter is provided. 2 [0004] In
the self-luminous type light emitting device provided with such a black

BACKGROUND ART

[0002] In a display apparatus, view angle characteristics of luminance are a factor
significantly affecting the display image quality. In general, in the case where a
self-luminous type light emitting device (self-luminous device) such as an organic EL
device is used, light emitting itself is perfect diffusion. Further, due to micro cavity
effect of the resonator structure and the like, even in the case of using a device structure
in which extraction efficiency in the front face direction is improved, the light emitting
section is able to be designed as a section similar to a perfect diffusion light source.
Thus, it has been regarded that the self-luminous device is advantageous to the view
angie characteristics of luminance.

10003] However, in the case where a display apparatus is structured by using such a
self-luminous device, in some case, in order to realize high contrast, a black matrix
layer is provided for the purpose of inhibiting reflection from a backplane {one of a pair
of substrates that is located on the opposite side of the display face) of outside light.
Further, 1n order to improve color purity in addition to high contrast, in some cases, a

black matrix layer structured integrally with a color filter is provided.



matrix layer, the black matrix layer is arranged on the substrate arranged
opposite to the backplane out of the pair of substrates. In order to form
the black matrix layer on the backplane, the light emitting device is
required to have heat resistance andreliability. However, in the existing
circumstances, a material satisfying the foregoing requirement does not
exist. Accordingly, it is almost essential that the black matrix layer is
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and the opposed substraté on w ack matrix layer is formed are
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thickness of an adhesive layer for bonding (sealing layer) ness
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ack matrix layer. [0006] Examples of the self luminous type display
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organic EL display apparatus (for example, Patent Document 1). [000
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No. 2006-73219 DISCLOSURE OF INVENTION [0008] In the case of a

doc8liuminous deyige SYCh ASARRIaRNAE! daviee thaughight emitting mea

itself is perfect diffusion, the size of the light emitting section is limited to

on theosiZRLuNALIaQrdess than a pixel pitch size. Thus, in the case where a
light shielding black matrix layer or the like exists, when a pixel is viewed
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layer is generated. Accordingly, there has been a problem that the .
lay&hadomsecten axands4a thenlght @meiting,aectiangadight 3osbieldinthe o a

region is thereby generated, and the luminance is lowered according to
thidl@ss of an adhesive layer for bonding {sealing layer) and a thickness of a protective
layer exists between the light emitting section and the black matrix layer.
[0006] Examples of the self-luminous type display apparatus having such a
self-luminous type light emitting layer include an organic EL display apparatus (for
example, Patent Document 1).

[0007] Patent Document 1: Japanese Unexamined Patent Application Publication No.

2006-73219

DISCLOSURE OF INVENTION

[0008] In the case of a self-luminous device such as an organic EL device, though light
emitting itself 1s perfect diffusion, the size of the light emitting section is limited to the
size equal to or less than a pixel pitch size. Thus, in the case where a light shielding
biack matrix layer or the like exists, when a pixel 1s viewed from a diagonal direction, a
shadow section created by the black matrix layer is generated. Accordingly, there has

been a problem that the shadow section extends to the light emitting section, a light



size of the light shielding region (view angle characteristics of luminance
are deteriorated). In the case of the light emitting device in which micro
cavity effect is used, the foregoing problem is overlapped with light
distribution characteristics of the light emitting section, and thereby
deterioration of view angle characteristics of the luminance becomes
more significant. [0009] The foregoing light shielding phenomenon is a
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device having a finite size. Su ight shielding phenomenon Is no

sizOesergted;in,a @Hf@ﬁiﬁ?’s@g@ﬁp@{@@\ppﬁ@%’%%ﬂ@@&@sﬂc?eﬁe% IMTURIAN are

light source” (backlight Tight'source) is arranged separately from a liquid
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gap, the perfect diffusion backlight light'source having a larger dimension

usetanhat-ohan ARGk IeAIONisabI6 19, be fegarded as,a Mitial diffusign .

light source formed directly benéath the black matrix layer. Thus, the view
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light source, resulting in almost no problem. In fact, the actual problem as

unihendsurkligldcharactierisiiasdn the liquid crystal display apparatus is
contrast degradation caused by spectroscopic characteristics of refractive
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wavelength dependence. [0010] Further, in the past, no inventions for
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characteristics described above have existed. For example, as described

shiddthe fprageingdnatentDeemenatih, ONhuai tesRMAHRILWRAIGH SO0 which a
mixture generated in the case where light leaked from one pixel to an

perfdiocemtspixeli gntaribe piRifasabetivesh Alband a-glassialananierom a
equal to or more than a 4

liquid crystal panel. This is because in the liguid crystal panel with a thin cell gap, the
perfect diffusion backlight light source having a larger dimension than that of an
aperture region is able to be regarded as a virtual diffusion light source formed directly
beneath the black matrix layer. Thus, the view angle characteristics of luminance
almost correspond with those of the light source,.resulting in almost ne problem. In
fact, the actual problem as the visual field characteristics in the liquid crystal display
apparatus is contrast degradation caused by spectroscopic chafacteristics of refractive
index anisotropy of liquid crystal molecules and color shift caused by the wavelength
dependence.

- [0010] Further, in the past, no inventions for solving luminance degradation caused by
iight shielding as view angle characteristics described above have existed. For
example, as described in the foreéoing Patent Document 1, only a technigue in which

color mixture generated in the case where light leaked from one pixel to an adjacent

pixel enters the interface between air and a glass at an angle equal to or more than a



critical angle is avoided has been reported. [0011] In view of the foregoing
problem, it is an object of the invention to provide a display apparatus
including a self-luminous type light emitting device with which view angle
characteristics of luminance can be improved. [0012] In a first display
apparatus of the present invention, a plurality of pixels are arranged in a
state of matrix as a whole; a pair of substrates, a self-luminous type light

critRAHNGde Yiea dmadhiaA regiancorresponding to each pixel on one
substrate of the pair of substrates, and a black matrix layer formed in a

[0018Qi0m GRERRICREIRG d8oth PRFHBRBEWRER EABPELRMINERINE o provide a
substrate of the pair of substrates are included; and the following Formula

disffbyiaganetiadnidng YWBMMRod/ )AL ) bhiheniarmula WBMm which view

represents an aperture dimension of the black matrix layer; WLD

angfeRIRsNts A ight emitingceeginndimsnsion of the light emitting device;
and D represents an air length between the light emitting device and the

[oobtgckimatrixiayiesiatespegtive!\o]00d ldnetheifirshdisplayhapRaratys 9kthe are

present invention, since the foregoing Formula (1) is satisfied, in the view

arr-aRgleifange fanHdegrees i oR;degiees hathtinelusiveI Vighetting fbe light
display light from the light emitting device caused by light shielding by the

emiplagkdpatexttayesdismeverigeneraiesh 100 k4liraseconddisplayubsirate of the
apparatus of the present invention, a plurality of pixels are arranged in a

paistafesobsnaisix asdh wbhiek anpainofSubsiates anseli-igbinQustypenlight to a
emitting device formed in a region corresponding to each pixel on one

porduhdisateaf theh paieDisubsiraiessand-adlathkmatiofaydstemneddnmiuded:
region corresponding to a portion between each pixel on the other

andstibStrHtevod 4 e paiil0f ISubsttatisdare included,

23<( | Wen-Win | /D) (1)

in the formula, Wpm represents an aperture dimension of the black matrix layer; Wip

A.represents a light emiiting region dimension of the light emitting device; and D

represents an atr iength be;t'ween the light emitting device and the black mairix layer,

respectively,

[0013] In the first dispiay apparatus of the present imvention, since the foregoing

Formuia (1) is satisfied, in the view angle range from 0 degrees to 60 degrees both

inclusive, vignetting of display light from the light emitting device caused by light

shielding by the black matrix layer is never generated,

[0014] In a second display apparatus of the present invention, a phurality of pixels are

arranged in a state of matrix as a whole; a pair of substrates, a self-luminous type light

enmitting device formed in a region corresponding to each pixel on one substrate of the

pair of substrates, and a black matrix layer formed in a region corresponding to a

portion between each pixel on the other substrate of the pair of substrates are included;



5 and the following Formula (2) to Formula (4) are satisfied. 2 N3>(l
WBM-WLD I ID) (2) WLD<WBM (3)
(4J3/2)*"WBM?D?(1/2\,'3)*(WBM-WLD) (4) In the formula, WBM
represents an aperture dimension of the black matrix layer; WLD
represents a light emitting region dimension of the light emitting device;
and D represents an air length between the light emitting device and the

and RIRCH ALK 2Ye6LuIPOL]) Indhese cond digplay-apparatus of the present

invention, since the foregoing Formula (2) to Formula (4) are satisfied, in

2 \ibe joase, Whgre Abe aperture dimension of the black matrix layer is larger
than the light emitting region dimension of the light emitting device, even

WngFting qgghe display light f_rom the_light emitting_device_caused by
light shielding by the black matrix layer is generated in the view angle

(varapgefrom:0 1degreesio, 68 dggrees ppth inclusive, the vignetting ratio of

the display light can be suppressed to a value equal to- or less than 50%.

In 11ROAGIH 2 thitd cispianappasatumef hearaseninventien ARl aivef w,,
pixels are arranged in a state of matrix as a whole; a pair of substrates, a

repRSHndMINpYS: tyRadigit emtingiskevicefosmestiniaiegiangoirgspprdiagd D
to each pixel on one substrate of the pair of substrates, and a black

reprOiits hayar formpddnadegion seresponding e-anparion petweeneash.
p 20 g
pixel on the other substrate of the pair of substrates are included; and the

[ooidl|owing:Easruda (B Fapmuady b artesphisiiad iZvairioh, \WMBM-WE- Eytegoing
ID) (5) WL,n?WBM (6) 0312)*WLD?D?(1/243)*(WLD-WBM) (7)

Formula (2) to Formuia (4) are satisfied, in the case where the aperture dimension of the

black matrix layer is larger than the light emitting region dimension of the light emitting

device, even if vignetting of the display light from the light emitting device caused by

light shielding by the black matrix layer is generated in the view ‘ang}e range from 0

degrees to 60 degrees both inclusive. the vignetting ratio of the display light can be

suinpressed to a value equal to or less than 50%.

[0016] In a third display apparatus of the present mvention, a plurality of pixels are

arranged 1n a state of matrix as a whole; a pair of substrates, a self-luminous type light

emitting device formed in a region corresponding to each pixel on one substrate of the

pair of substrates, and a black matrix layer formed in a region corresponding to a

portion between each pixel on the other substrate of the pair of substrates are included,

and the following Formula (5} to Formula (7) are satisfied.

2N3>(] Wam-Win | /D) (3)

WipzWaum (6)

(32 W p2D2(1/203)F (Wi p-Wan) (7)

In the formula, Wy represents an aperture dimension of the black matrix layer; Wip



In the formula, WBM represents an aperture dimension of the black matrix
layer; WLD 6 represents a light emitting region dimension of the light
emitting device; and D represents an air length between the light emitting
device and the black matrix layer. [0%17] In the third display apparatus of
the present invention, since the foregoing Formula (5) to Formula (7) are
satisfied, in the case where the aperture dimension of the black matrix
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" light emitting device, even If vignetting of t ay light from the iigr’ltml
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generated in thé view angle range from 0 degrees to 60 degrees both
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ue equal to or less than 50%. [0018] Accordir_lg to the fII’S.'[ disp ay
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device and the black matrix layer are provided, and the foregoing

blafrorRMA (b)is satsfiad (I BUS.4D heview anglefange Fam0 9801280 of the

deg both inclusive, vignetting of display Iig‘F]t from the light emitting device

ligtgatsad Ry dehteshiglding by theiRlack matixjayerigneyshoaneraledemitting

Therefore, in the display apparatus including the self-luminous type light

deviiRitHne-eNigRYignLARGIe, char acleristias: of lyminance arehlentoh&y angle
improved. [0019] According to the second display apparatus of the

ranPECSEAT INVBRLIRR 180 sRlkhiknipaus RpaHahtemitlingdayicaianckthe display
black matrixlTayer are provided, and the foregoing Formula (2) to Formula

ligitaresatigfiededhbs Jnithe gageiigresthamanerure dimension of the

black matrix layer is larger than the light emitting region dimension of the

[oolight emidinghdevicerhevendf vigmeitinasithedisplaydightfrom thevdghtn, the
emitting device caused by light shielding by the black matrix layer is

selRAgiaiedbe light emitting device and the black matrix laver are provided, and the
foregoing Formula (1) is satisfied. Thus, in the view angle range from 0 deg to 60 deg
both inclusive, vignetting of display light from the light emitting device caused by light
shielding by the black matrix layer is never generated. Therefore, in the display
apparatus including the self-luminous type light emitting device, view angle
characteristics of luminance are able to be improved.

[0019] According to the second display apparatus of the present invention, the
self-luminous type light emitting device and the black matrix layer are provided, and the
foregoing Formula (2) to Formula (4) are satisfied. Thus, in the case where the
aperture dimension of the black matrix layer is larger than the light emitting region
dimension of the light emitting device, even if vignetting of the disptay light from the
light emitting device caused by light shielding by the black matrix layer is generated in
the view angle range from 0 degrees to 60 degrees both inclusive, the vignetting ratio of

the display light can be suppressed to a value equal to or less than 50%. Therefore, in



the view angle range from O degrees to 60 degrees both inclusive, the
vignetting ratio of the display light can be suppressed to a value equal to
‘or less than 50%. Therefore, in 7 the,display apparatus including the
self-luminous type light emitting device, view angle characteristics of
luminance are able to be improved. [0020] According to the third display
apparatus of the present invention, the self-luminous type light emitting

the ARWIEE 5525’&9@@1@% nadrixdayetiargipsavided. mnd thadaregaing, view angle

Formula (5) to Formula (7) are satisfied. Thus, if the aperture dimension o

chath@dRlack MRthxiayeis e QuRl 10 WY iggsdhan the light emitting region
dimension of the light emitting device, even if vignetting of the display

[oohight frerarthadioht eneittingddewscausedudioht shielding-Ry thedlask, the

matrix layer is generated in the view angle range from O degrees to 60

selfuagieesdgtt nehisiverthe ddgneting trtisofithegisnla: ighbean e, and the
suppressed to a value equal to or less than 50%. Therefore, in the display

foregphar @sisdnelysing themelfivmineysdyheal lightiemitimBedgdsesviBMension of
angle characteristics of luminance are able to be improved. BRIEF

the BIRSGRIPEKI QN-0OF RRAVINGS{0021 HE Il LiiGiddsaicnamaestianal the
view illustrating a configuration of a display apparatus according to a first

ligherabddinaedd-atshe-predent imeation: [HE ARG 1idls aerosbestigtionalitting
view illustrating a detailed structure of the light emitting section illustrated

devindFd&sdd [ Geid] i€ ddhists dhankelenisiich:diagrampiiustiating i view angle
example of a relation between a view angle and a relative luminance.

rangf |Got] FlGgrkés actossegeationalvievilivetr alingigeonfigusationfaha display
display apparatus according to a second embodiment.

light can be suppressed to a value equal to or less than 50%. Thercefore, in the display

apparatus including the self-luminous type light emitting device, view angle

characteristics of luminance are able to be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0021] [FIG 11 FIG. 1 is a cross sectional view illustrating a configuration of a display
apparatus according to a first embodiment of the present invention.

[F1G 2] FIG 2 1s a cross sectional view illustrating a detailed structure of the light
emitting section illustrated in FIG. 1.

[FIG 3] FIG 3 1s a characteristics diagram illustrating an example of a relation between
a view angle and a relative luminance.

[FIG 4] FIGo 4 is a cross sectional view illustrating a configuration of a display
apparatus according to a second embodiment.

[FIG. 5] FIG 5 1s a plan view for explaining a pixel shape in a display apparatus

according to a modified example of the present invention.



[FIG. 5] FIG, 5 is a plan view for explaining a pixel shape in a display
apparatus according to a modified example of the present invention. 8
BEST MODE(S) FOR CARRYING QUT THE INVENTION [0022] A
description will be hereinafter given in detail of embodiments of the
present invention with reference to the drawings. [0023] [First
embodiment, Fig. 1 illustrates a cross sectional configuration of a display
apparatus (organic EL display apparatus 1) according to a first
embodiment of the present invention. In the organic EL display apparatus

BEST foresxampleoanaliermnentiened plyrafity af gt emitting sections 16R,

16G, and 16B are respectively arranged in a state of matrix in pixels IOR,
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signal line drive circuit and a scanning line drive circuit (not illustrated)

invdhabareiPixeldeve eireditsdandisplaying a video are formed. Specifically,
the light emitting sections 16R, 160, and 16B, an insulating layer 12, a

roopspteetng dayeidldearpealing layer 14, color filter layers 17R, 17B, and
170, and a black matrix layer BM are layered in this order from the drive

subsfratel ilsigereiwesn theddnive Silrsiiaie dil and@b RRISAkuSs (organic
substrate 15.[0024] The light emitting sections 16R, 160, and 16B are

EL @sgectyely-formeddncardegion saraspansingda:tbe pxeleddRnlAGon. In
and | OB, and are composed of self luminous type light emitting devices

the (@tganCHEL ddeNisespemitting light énangd, warelenginiegiaNp RGBS light
wavelength region, and a blue wavelength region. FIG. 2 illustrates a

emicliagsssegtionabirusitraaf tesauganisEdtidenicaimdedtait TheRrganitirix in
EL device has a structure in which a drive transistor of the foregoing pixel

pixElfV@RIrCOE, and 10B on a drive substrate 11 made of glass or the like, and a signal
line drive circuit and a scanning line drive circuit (not illustrated) that are pixel drive
circuits for displaying a video are formed. Specifically, the light emitting sections 16R,
16G, and 168, an insulating layer 12, a protective layer 13, a sealing layer 14, color
filter layers 17R, 17B., and 17G, and a black matrix layer BM are layered in this order
from the drive substrate 11 side between the drive substrate 11 and an opposed substrate
15.

[0024] The ligghi emitting sections 16R, 160G, and 16B are respectively formed in a
region corresponding to the pixels 10R, 105, and 10B, and are composed of
self-luminous type light emitiing devices (organic EL devices) emitting light in a red
wavelength region, a green wavelength region, and a blue wavelength region. FIG 2
illustrates a cross sectional structure of the organic EL device in detail. The organic
EL device has a structure in which a drive transistor of the foregoing pixel drive circuit

{not illustrated); a first electrode 161 as an anode; 2 hole injection layer 162, a hole

transport layer 163, a light emitting layver 164, and an electron transport layer 165 as an



(not illustrated); a first electrode 161 as an anode; a hole injection layer
162, a hole transport layer 163, a light emitting layer 164, and an electron
transport layer 165 as an 9 organic Jayer; and a second electrode 166 as
a cathode are layered in this order from the drive substrate 11 side.
[0025] Such an organic EL device is covered with the protective layer 13
composed of silicon nitride (SiNx) or the like, and is further sealed by

orghDdiRg: thaPpResad suhstate 1 denmadaiialassiaydher likadr thewhels the

area of the protective layer 13 with the sealing layer 14 in between. The
drivdistangerbetween the light emitting sections 16R, 16G, and 16B and the
black matrix layer BM is about 30 in. which includes the thickness of the

[0opFOtegiviedayeshi-amd dbeithinknessQf Fhe adhesivetayeraldr Theodiged of

transistor is electrically connected. to the first electrode 161 through an

siliapefiuiecl@iNproyidediRethadins plathag filme-42-{00368InEhadissheleettodrate

161 is made of, for example, ITO (indium tin composite oxide). [0027] As

15 gegeribethabovetiieorganiclayrrdring tighbrmiting seetianswi6Rhd 6&iling
and 16B has the structure in which the hole injection layer 162, the hole

laydranspobdayen. 163héhdi dightcmittingnlaye i 164 canditheselteiciion dFRNEPG tind
layer 165 are layered sequentially from the first electrode 161 side. Of the

i6Hanepdiadldtisrensixghthab dyerabathan thantheclight Rting kyemkedof the
are provided according to needs. Further, such an organic layer may
prokaviedifferens stidoturesisocardiighe efichiightesitting Golodak dhemsistor is
organic EL device. The hole injection layer 161 is intended to improve
eledintelinjeoticotefficiehcyi andiachuffer by éntagrevenideakagn. Thediald in the
transport layer 163 is intended to improve hole transport efficiency to the
instightemitting layer 164. The
[0026] The first electrode 161 is made of, for example, ITO (indium tin composite
oxide).
[0027] As described above, the organic layer in the light emitting sections 16R, 16G,
and 16B has the structure in which the hole injection layer 162, the hole transport layver
163, the light emitting layer 164, and the electron transport laver 165 are layered
sequentially from the first electrode 161 side. Of the foregoing, it is enough that layers
other than the light emitting laver 164 are provided according to needs. Further, such
an organic layer may have different structures according to each light emitting color of
the organic EL device. The hole injection layer 161 is intended to improve hole
injection efficiency and a buffer layer to prevent leakage. The hole transport layer 163
is intended to improve hole transport efficiency to the light emitting layer 164, The
light emitting layer 164 emits light by electron-hole recombination by applying an

electric field. As will be described in detail below, the light emitiing layer 164

contains a host material having charge transport characteristics and a dopant material



light emitting layer 164 emits light by electron-hole recombination by
applying an electric field. As will be described in detail below, the light
emitting layer 164 contains a host material having charge transport
characteristics and a dopant material 1.0 (guest material) having light
emitting characteristics. The electron transport layer 165 is intended to
improve electron transport efficiency to the light emitting layer 164. It is

(qub9sainle:that anrelecton iniastionayar et dlustiated) gt Basefor ayer 165

example, a thickness of about 0.3 nm and is composed of LiF and Li2
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second electrode 166. [0028] The hole injection layer 162 of the light

posEiRitinchseeliandeh has.dahexamplens tNcknass fram: 5m B3QAMie, a

both inclusive, and is composed of

thidkstksd dFiat3unetbyiphenvinbeoyiaminoxtipheny aming (P-MTRATA) Rbvided
4,4' 4" -tris(2-naphthylphenylamino)triphenyl amine (2-TNATA). The hole

vetifanspRrtitayen 183 phinelight emitling section LeR:bas fay example, a

thickness from 5 nm to 300 nun both inclusive, and is composed of

[oobs[(Naphithid)-Niphenydbenziding (aniNERXihhadightermitting layesdfdple,

of the light emitting section 16R has, for example, a thickness from 10 nm

2 tEdeRam beth inclusiveiandds cempased ofiahmaterialin which3@hwida of
of 2, 6=bis[4'=methoxvdiphenylamino)styryl]=1,5=dicvanonaphthalene

4, 4(BSN)@sractdopann materiakis mixethéth 9. 10-gh(R-naphty)antivagene  or

(ADN) (host material) as a host material. The electron transport layer 165

4,40f thedight:pmitting.aegtionnbeiR fiasy fornexamplenasthickness:fraste5 tfsport
to 300 nm both inclusive, and is composed of 8=hydroxyquinoline

layalurineimbgNiga). §002BlThehela dNceiiomdayenheR of thelighdsemitignm to
section 16G has, for example,

300 nm both inclusive, and is composed of bis[(N-naphthyl)}-N-phenyl)benzidine
(o-NPD).  The hight emitting layer 164 of the light emitting section 16R has, for
example, a thickness from 10 nm to 100 am both inclusive, and is composed of a
material n which 30 Wit of 2,
6=bis{4'=methoxydiphenylamino}styryl}=1,53=dicvanonaphthalene (BSN) as a dopant
material is mixed with 9,10-di-(2-naphtyljanthracene (ADN) (host material) as a host
material. The electron transport layer 165 of the light emitting section 16R has, for
example, a thickness from 5 nm to 300 nm both inciusive, and is composed of
8=hydroxyquinoline aluminum (Algs).

[0029] The hole injection layer 162 of the light emitting section 16G has, for example,
a thickness from 5 nm to 300 nm both inclusive, and is composed of m-MTDATA or
2-INATA. The hole transport layer 163 of the light emitting section 16G has, for

example, a thickness from 5 nm to 300 nm both inclusive, and is composed of a-NPD.

The light emitting layer 164 of the light emitting section 16G has, for example, a



a thickness from 5 run to 300 nm both inclusive, and is composed of
m-MTDATA or 2-TNATA. The hole transport layer 163 of the light emitting
section 16G has, for example, a thi lfness from 5 ran to 300 rim both
inclusive, and is composed of a-NPD. The light emitting layer 164 of the
light emitting section 16G has, for example. a 11 thickness from 10 nm to
100 nm both inclusive, and is composed of a material in which 5

 thicYQUNEYeof (%}HWEkﬁb%ﬂ?b%t%%@ﬂ&mét%&"iiscﬁ}ﬁ%%%ﬁiﬂfé%‘t&?a?iﬂ%ﬁich

material. The electron transport layer 165 of the light emitting section 16G

5 vOREndO! SXemRle A HUCKNESSIrom 2.pm 10 300-ARPRRINEIISY G 8N dfrial,

composed ofAlg3. [0030] The hole injection layer 162 of the light emitting

Tllé@gé%&%%ﬂgﬁénfgy@?(QW@ Ry Hpgﬁﬁ‘t{[ﬁmsécﬂght?é@%m Qloglzample, a
inclusive, and is composed of m-MTDATA or 2-TNATA. The hole

thidERBSPORLIRY 8R035 66 the lght emIling seatien.dB.hasHfofgxample, a

thickness form 5 nm to 300 nm both inclusive, and is composed of a-NPD.

roo3fie light espitingctayel.1 64 1ehthe dght BMIting: S GHONL OB B33, f9h: example,

example, a thickness nom 10 nm to 100 nm both inclusive, and is

a 160EARESEd. Al & MASAINWNILAL 2 WEHeOhind is composed of m-MTDATA or
4,4'bis[2={4=(N,N=diphenylamino)phenyl}vinyl]biphenyl (DPAVBI) as a

o-1dopRAt megerialjis MixedwithADNsasa hestipateriak hpe;eleeoMsE has, for
transport layer 165 of the light emitting section 16B has, for example, a

exatBioknessifiamss e 380:moheth Nalisive.and i589RASEE:08 AANPD.

[0031] The second electrode 166 has, for example, a thickness from 5 nm

Thdo120MBMBOLR inckisive; amdis gampesadiabasimpie SUPANCEP@Bmple, a
alloy of metal elements such as aluminum (Al), magnesium (Mg), calcium

thidieRks aRchS 00 kM (N0 SREsHEYncARAUOYRS INagnesien ANdrsivelal in which
(MgAg alloy) or an alloy of aluminum (Al) and lithium (Li) (AlLi alloy) is
2.5preferabled =bis[2={4=(N N=diphenylaminc)phenyl } vinyi]biphenyl (DPAVBI) as a
dopant material is mixed with ADN as a host material. The electron transport layer
165 of the light emitting section 16B has. for example, a thickness from 5 nm to 300 nm
both inciusive, and is composed of Alga.
[0031] The second electrode 166 has, for example, a thickness from 5 nm to 50 nm
both inclusive, and is compesed of a simple substance or an alloy of metal elements
such as aluminum (Al), magnesium (Mg), calcium (Ca), and sodium {(Na). Specially,
an alloy of magnesium and silver (MgAg alloy) or an alloy of aluminum (Al) and
Lithtum (Li) (AlLi alloy) 1s preferable,
[0032) The insulating layer 12 is intended to planarize the surface of the drive
substrate 11, and is composed of, for example, an organic material such as polyimide or
an inorganic material such as silicon oxide (5i0-).

[0033] The protective layer 13 is intended to prevent intrusion of moisture or the like

into the organic layer in the light emitting sections 16R, 16, and 168B. The protective



[0032] The insulating layer 12 is intended to planarize the surface of the
drive substrate 11, and is composed of, for example, an organic material
such as polyimide or an inorganic material such as silicon oxide (SiO2).
[0033] The protective layer 13 is intended to prevent intrusion of moisture
or the like into the organic layer in the light emitting sections 16R, 160,
and 16B. The protective 12 layer 13 is made of a material having low

lay Wt RRENEADIGLRARACIRR BN AW MRlL, ARSI AR CIRTIRIC Svater

and has a sufficient thickness. Further, the protective layer 13 is made of

absérIRtesiakhaving highransmissive charagteristics tolight aepreiaediife tayer

the light emitting layer 164 such as a material having a transmittance
13 RauaHoATMeIR ek 8% hBUCh A RFAIECUVEnaYSl 1308 FRLBXamMBISied in

a thickness about from 2 m to 3 m both inclusive, and is made of an

the NSO RIABMAERBOYSINGLIALNG Mataiial hopacicaliuntheproaaiivadayeore
13 is preferably composed of amorphous silicon ((X-Si), amorphous

thaisigon carkide (RoRibiamarphpus silieennikide (a-Bickibs), HHAMRYRNOUS: o

carbon (a-C). Such an inorganic amorphous insulating material does not

3 |GAMPESEngiaine, and thumbas lowawalgspesioeabibiyicharaciernstics dntkrial.

structures the favorable protective layer 13. Further, the protective layer

SpekFimaly. hadnasiecoha anspaie phecandlctive paaderialsuehasukTRi o034k,

The sealing layer 14 is made of, for example, a thermosetting resin or an

amétplaviolsticay cursidle ((eSiT)[QRRSRbeseppasedisihsttae 1Nis Iocatestphous
on the second electrode 166 side of the light emitting sections 16R, 16G,

carigid (16B). Theuoppasehsphstratediplisistendesiie seakthe light emittingpose
sections 16R, 16G, and 16B together with the sealing layer 14, and is

gramadediiamaielieh suehascgliashitansparenttalightgeneatecinthedightble
protective layer 13. Further, the protective layer 13 may be made of a transparent
conductive material such as ITO.

f0034] The sealing layer 14 13 made of, for example, a thermosetting resin or an
ultraviolet ray curable resin.

[0035] The opposed substrate 15 is locaied on the second electrode 166 side of the
light emitting sections 16R, 16G, and 16B. The opposed substrate 15 is intended to
seal the light emitting sections 16R, 16G, and 168 together with the sealing layer 14,
and 15 made of a material such as glass transparent to light generated in the light
emitiing sections 16R, 16G and 16B. The opposed substrate 135 ts provided with, for
example, the color filter layers 17R, 17G, and 178, which extract light generated in the
irght emitting sections 16R. 16G, and 168 and absorb outside light reflected by the light
emitting sections 16R, 16G, and 16B and wirings therebetween to improve contrast.
The opposed substrate 15 is further provided with the after-mentioned black matrix

layer BM.



emitting sections 16R, 160, and 16B. The opposed. substrate 15 is
provided with, for example, the color filter layers 17R, 17a and 17B, which
extract light generated in the light eir%ﬁting sections 16R, 160, and 16B
and absorb outside light reflected by the light emitting sections 16R, 16G,
and 16B and wirings therebetween to improve contrast. The opposed
substrate 15 is further provided with the after-mentioned black matrix

[oo3ayeriiMedidr 19036h 06 SQIohMIRLRYS Hare.samResas of the calgrtiiatie:

layer 17R as a red filter, the color filter layer 17G as a green filter, and the

the €816F ﬁ'}t@!* layer 178 &S U ﬁﬁ%{;; ahB Q&O_L%'Icﬁ“ﬁft@Xﬁérair@@%aé‘%ﬁ fBfter.
each pixel correspondingly to the light emitting sections 16R, 16G, and

Thel@RBor iR QIR fltgFlayers d Rr L4G 300 VB a8 JRERERINEWe (Wt emitting

example, in the shape of a rectangle, and are formed with no space

sectidgtelatwesn. o dhess cotatfiltariayersidyéR, 110, Brd A/B: &Fare respectivety,

respectively made of a resin mixed with a pigment. By selecting the

for Pigment, adiustanapt isrmadersathaiitheighb Hansmission sFale NdR8etween.
targeted red, green, or blue wavelength region is high and the light

Thell@B8IBISTIRN IAat9dN The prhesyaveenath-teeionsis iowe (P03 dsiheblackyith
matrix layer BM is formed in a region corresponding to a region between

a piiBcpiXelBL1QR D RGBT hablaslematrixdayes BM imintendeddonission
segment the display regions of the pixels | OR, 10G, and | OB, and

ratiPrayent resleetian afd odtsige lighbinea hordrnbeiwegineashicalonsection light
and prevent light leakage in a portion between the pixels to improve

trar@@iiteash. rhhe blask soatriviayenBidsieasmposed of a laminated body of
thin film layers composed of a metal, a metal oxide, and a metal nitride.

[00FDr eRamplesithaduackamatibiiayefoBivkis imade gha twerdayesdthyemimgion
black matrix composed of a lamination of CrO, (x is a given number) and

ber@¢en the pixels 10R, 10G, and 10B. The black matrix layer BM is intended to
segment the display regions of the pixels 10R, 10G, and 108, and prevent reflection of
outside light in a border between each color section and prevent light leakage in a
" portion between the pixels to improve conirast. The black matrix layer BM is
composed of a laminated body of thin film iayerls composed of a metal, a metal oxide,
and a metal nitride. For example, the black matrix laver BM is made of a two-layer
chromium black matrix composed of a lamination of CrO, (; is a given number) and Cr
or a three-layer chromium biack matrix composed of a lamination of CrOy, CrNy, and
Cr (x and v are a given number) having a decreased reflectance.

[0038] Next, a description will be given in detail of a structure of a characteristic part
of the present invention and action and effect thereby obtained with reference to FIG. 1
and FIG. 3.

[0039] (Case with no vignetting)

First, in the organic EL display apparatus 1 of this embodiment, as illustrated in



or a three-layer chromium black matrix composed of a lamination of CrO,,

CrN,, and Cr (x and y are a given number) having a decreased

reflectance. [0038] Next, a descriptiﬂj will be given in detail of a structure

of a characteristic part of the present invention and action and effect

thereby obtained with reference to FIG. 1 and FIG. 3. [0039] (Case with

no vignetting) First, in the organic EL display apparatus 1 of this
ricembediment, asdHustraiatinidd Jflte IomheraAmapgdueimension ofiioh

the black matrix layer BM is WBM; a light emitting region dimension of the
cmiRIBANGEh SRYICE; ih thedighiremitting sretions: 1eR i B Cnameh d 6B 4%ins 16R,

WEL, (corresponding to a specific example of a light emitting region
16imension VWD), @pday@lus ohtained:byiconverting & distance e region

vertical direction between the light emitting sections 16R, 16CL and 16B
dim(@rganie/El deviceyand dhaiklack matkixdayer B deanpindengiitis Brection

(=ydi/ni), magnitude relation between the aperture dimension WBM of the
verbbaskgRaligxlayerBM apdithe light ervittingsenion (stivagnsion Wkilof 4he the

organic EL device satisfies the following Formula (11) in order to avoid
bladRwering pRlgMsagenefficieney due te-Righing) thebahteaitingreidReen the

That is, the aperture dimension WBM of the black matrix layer BM is

apetargetimansiog Nght, emititnglsenienaimension Wkkd ahthBorganieik region
device. The difference value between the aperture dimension WBM of the

dimblatknnvairiiage nBivhandithieightgRtitingsggiwdimeosian VL of theer to
organic EL is desirably twice or more a margin in layering the opposed

avoslistraiedlsr dnttheagdeiveisidosty ate: 13 hWBM W BlerCQ:(3i1){0040bAS That is,
illustrated in FIG. 1, if a display video in the organic EL display apparatus

the Japerture dimension Wpy of the black matrix layer BM is larger than the light

emitting region dimension Wg; of the organic EL device. The difference value

between the aperture dimension Wgy of the black matrix layer BM and the light

emitting region dimension Wy of the organic EL is desirably twice or more a margin in

lavering the opposed substrate 15 and the drive substrate 11.

Wanm-Wg >0 (11}

[0040] As iliustrated in FIG. 1, if a display video in the organic EL display apparatus 1

is viewed 1in the air from the direction with an angle o (view angle ¢} to the opposed

substrate 15, a length L, of a shadow region formed on the hight emitiing sections 16R,

16G, and 16B caused bv light shielding by the black matrix layer BM is expressed by

the following Formula (12} based on Snell's law. Further, 2 dimension Lg of a region

actually light-shielded by the shadow region is expressed by the following Formula

(13).

Lg=D*tano (12)

LB:L3~( 1 /2)*<WBM"WEL)



is viewed in the air from the direction with an angle a (view angle a) to the
opposed substrate 15, a length L, of a shadow region formed on the light
emitting sections 16R, 16G, and 16 Ocaused by light shielding by the
black matrix layer BM is expressed by the following Formula (12) based
on Snell's law. Further, a dimension LB of a region actually light-shielded
by the shadow region is expressed by the following Formula (1$.

:D%ﬁ{gﬁgm@ﬁ%é)@;m-(l/a* M'WEL) 15 =D*tana-0.5*(WBM-WEL)
(13) [0041] Thus, where the following Formula (14) is satisfied, the region

[oo@ctuatiydighi:shieldedrsarsad by Jightishieleng by.the blagk mattbs laver iy

BM does not exist. Therefore, in the view angle range from 0 deg to a

ligheaidRelusivacMigneting ofithexndisnlaydighicl fomithe oroanie El.daviceyis:

caused by light shielding by the black matrix layer BM is never generated.

Thdrdeheren Formupa.(4nds madifiedeit tesultin iFormavia (238 8f the

the conditions satisfying Formulas (14) and (15) is a case that the black

dispnatisiayer&Mis forned directliabavedheigbhemiting sestiens LeR matrix
160, and 16B. LB=D*tana-0.5*(WBM-WEL)<0 )(14) aStan

layd(WRBMsWBleY (22RPa{dP) [GO4BEEuiher inrandeneral displayappasatisules in

even if vignetting is generated at the view angle a equal to or more than

ForBREEU Sit passibh ieads teiniedarae; srastical rprablemy Theireasan Whyse that
a=60 deg is adopted is as follows. For example, in the case where the

the GRiial Aavdinview disiabeads vieslthawidinofiaidisplayapraraisiand 16,

and 16B.

Lp=D*tana-0.5%(Wan-We <0 (14)

astan” ((Weu-We /(2¥D)) (15)

[0042] Further, in a general display apparatus, even if vignetting is generated at the

view angle o equal to or more than 60 deg, it possibly leads to no large practical

problem. The reason why o=60 deg is adopted 1s as follows. For example, in the

case where the optimal audio view distance is twice the width of & display apparatus and

a viewer is located in a direction at 45 deg from the front face of the display screen, the

viewer views an angle range of (45 deg = 15 deg) as a field angle at once. [t is

regarded that 60 deg as the maximum angle in this case is not only a mathematical

agreement but alsc 1s the angle as one index for a person skilled in the art. Thus,

where 0=60 deg is assigned to Formulas (14) and (15), the following Formuta (16} is

established.

2 V3 Wan-WeL)/D (16)

[0043] In the case where the aperture ratio is small (in the case where value of

{Wem-Wry) is large), it means that the film thickness of the protective layer 13 and the



a viewer is located in a direction at 45 deg from the front face of the
display screen, the viewer views an angle range of (45 deg 15 deg) as a
field angle at once. It is regarded that 60 deg as the maximum angle in
this case is not only a mathematical “agreement but also is the angle as
one index for a person skilled in the art. Thus, where a=60 deg is
assigned to Formulas (14) and (15), the following Formula (16) is

A SRnished Z3sR fW&L?@aQ%%QQ\%aW?S&&ﬁ?e ?\“ﬁ}h&r%@x‘fﬁerﬁ e life

aperture ratio is small (in the case where valueof (WBM L)isTarge),i

lowBgangthat the film thickness,of the pratedtive k%x&%%ﬁea%g%gf&é Mind the

thickness of the sealing layer 14 are signhificantly small. T nsidering

ikdifeelQuering dug fo &@gﬁ%gﬁagfg?ge%rgsgﬁgmiyuySflw@gm@%g%?&&gﬁamy

process and the like, the aperture ratio is desirably as large as p
as $¥alVe i AWIBM-WEL) is desirably as small as possible). [0044] In the
organic EL display apparatus 1 configured as above, by a drive signal

roos4pplieghrqm.the. not- 'H%ﬁ@%%}ﬂf%%g rﬁ"@oﬁif%&i}ec? g i}{ﬁo%.rrﬁ{;'tai%ﬁ%v@i gnal

between the Tirst electrode 161'and the second electrode 166 in the

Sup%f%%ﬁHlﬁeiﬁ’(g@@lfﬂs?p&e&%ﬁﬁglcgﬂ% Ight gMiting, seelins i1GR w6630 the

6B. Thereby, electron hole recombination is generated, and light

firsenpigsiQRds ipitiated Mdhedight emitingelaysy 184nlightiRmahedight. in e

emitting layer 164 is transmitted through the second electrode 166, the

respratestiveiayenianthesanling layer 14cthgcolagiter layers,1 7Rl d$, hole
and 17B, and the opposed substrate 15. After that, the light is extracted

recOMisiEleioh hedispiay apPa@iusSmIRRIEYidradispiaYibrsed i@t 8 ver 164,
drive signal is made. [0045] In this case, in the case where the foregoing
Lighorroraid Eyanehirermaula ¢185ane transmitted through the second electrode 166,
the protective layer 13, the sealing layer 14, the color filter layers 17R, 17G, and 17B,
and the opposed substrate 15.  Afier that, the light is extracted outside of the display
apparatus. Thereby, video display based on the drive signal is made.
[0045] In this case, in the case where the foregoing Formula (11) and Formula (16) are
safisfied, in the view angle « range from 0 to 60 deg both inclusive, vignetting of the
display light L from the light emitting sections 16R, 16G, and 16B (organic EL device)
caused by light shielding by the black matrix layer BM is never generated.
10046] (Case with vignetting on some level)

Next, studies will be made on a case where the region actually light-shielded
caused by light shielding by the black matrix layer BM exists in the angle range equal to
or less than the view angle ¢ (case where vignetting of the display light L from the Hght
emiiting sections 16R, 16G and 16B (organic EL device) caused by light shielding by
the black matrix layer BM is generated). Many actual display apparatuses are under

such a condition, and thus the studies may provide a solution more corresponding to



satisfied, in the view angle a range from 0 to 60 deg both inclusive,
vignetting of the display light L from the light emitting sections 16R, 16G,
and 16B (organic EL device) causegTby light shielding by the black matrix
layer BM is never generated. [0046] (Case with vignetting on some level)
Next, studies will be made on a case where the region actually
light-shielded caused by light shielding by the black matrix layer BM

realﬁﬁStsiﬂniﬁlfhe%Q,lecJSﬂ@ﬁ@p a&é_%&&és&%@%ﬁﬂ%ﬁ%,%,ﬂs_'%mae(1sk the
where vignetting of the display light L from the light emitting sections 16R,

folid&inandHoB(oronni Eudavice) caused by |ight shielding by nile flagKieo is

matrix layer BM is generated). Many actual display apparatuses are under
assigHEh @ ¢RRdian (andithus ghe,siydias MayRQVidera OO PG e case, the

corresponding to 17 reality. In this case, considering the foregoing

follg@(%%ﬁﬂpaqmd)ﬁggag@gg@! the following Formula (17) and Formula
(18) are established. Further, where a=60 deg is assigned to Formulas

La=0¥ 3000 @8Nin the/sgpe manner as that of the foregoing case, the
following Formula (19) is established. LB=D*tana-0.5*(WBM-WEL)>0 (17)

e>taT AW MBMEL)Y(2*D)) (48)) 2Ni3>(WBM-Wnl)/D (19) [0047] Here, the
ratio of vignetting of the display light L caused by light shielding by the

2 plagk,matpxayer BN dight shielding ratio of the display light L) is
proportional to the ratio between the dimension LB of the region actually

[ookight-shieldad hyither pestieningf dnenshadaw ragion anddhe lighLBMitinging by

region dimension WEL of the organic EL device. Thus, the vignetting ratio
the 6idbie disglaylighBlvisietrassrEmRy-the fellewimgykomual (PR)proportional to

Therefore, to set the vignetting ratio of the display light L to a value
the ratio between the dimension Ly of the region actually light-shielded by the portion
of the shadow region and the light emitiing region dimension Wg of the organic EL
device. Thus, the vignetting ratio of the display light L is expressed by the following
Formula (20). Therefore, to set the vignetting ratio of the display light L to a value
equal to or less than 50%, it is enough that the following Formula (21) is satisfied.
Where the following Formula (21} is modified by using Formula (17), the following
Formula (22) is established.
(vignetting ratio of display light L)=(Lg-Wg;) (20)
0.52(Le-We 320 (21)
0.5¥Wpp=D*ano>0.5%(Wen-WeL) (22)
[0048] In this case, studies are hereinafter made on an application range of the view
angle o in the case where the vignetiing of the display light L is generated as described
above. In a mobile usage such as a celiular phone, the view angle o may be small to

some degree. Meanwhile, in a usage such as a TV, the view angle u should be large to

some degree. Considering this point. the application range of the view angle o is



equal to or less than 50%, it is enough that the following Formula (21) is
satisfied. Where the following Fortnula (21) is modified. by using Formula
(17), the following Formula (22) is established. (vignetting ratio of display
light L)=(LB-WEL) (20) 0.5?(LB-WBL)>0 (21)
0.5*WBM>D*tana>0.5*(WBM-WEL) (22) [0048] In this case, studies are
hereinafter made on an application range of the view angle a in the case

app%%ﬁ%%éﬁyea\ﬂaﬂﬁﬁ%ma%é%{ge?%wWBE?%&S@%@J%Q&%&?&&UQMM the case

above. In a mobile usage such as a cellular phone; the view angle a may

whde sRallio.sme Jeges, Meanwhile.ina Féﬁﬁ%ldﬁbg?%h% MY W mula

angle a should be large to some degree. Considering this point, the
(ggpgm'§§5m5§nge of the view angle a is 18 appropriately a numeral value
range from 30 deg to 60 deg both inclusive. In the case where such a

(\fgngmg@é@h@/@@ge({gmgg to Fo Q@gla (22), the following formula (23)
is established. (til3/2)*WBM?D?(1/2 i3)*(WBM-WEL) (23) [0049] In the

[oogvgamiciEl fisplRyapgaraysbseafiaured as &s WhaR the faregoing ooine

Formula (11), Formula (19), and Formula (23) are satisfied, in the case

Forwlgre the ppesture dimension MBI ofthe hlacknogtix layel-BMsis {a5ger the

than the light emitting region dimension WEL of the light emitting sections

apekBR, diGlenapd $6R, @raaninkl Hevicakevenf Manetingof the displaMiting
light L from the organic EL device caused by light shielding by the black

regivatdixlayesnBMWis gemesaiedirdhaivievcanale agrnasdromd O tn6@dadic EL
both inclusive, the vignetting ratio of the display light L is suppressed to a

dewalye-egual {0:-aedess 81aR50%lay light L from the organic EL device caused by
light shielding by the black matrix layer BM is generated in the view angle o range from
0 to 60 deg both inclusive, the vignetting ratio of the display light L is suppressed to a
value equal to or less than 50%.

{0050] FIG 3 illustrates an example of a relation between the view angle o and a
relative luminance (relative luminance in the case where luminance is 100% where the
view angle o is 0 deg) where the pixel pitch of the respective pixeis 10R, 160G, and 10B
1s 100 pm; the aperture dimension Wgy of the black matrix layver BM is 70 um; the light
emitting region dimension Wpg; of the light emitting sections 16R, 16G, and 16B
{organic EL device) is 60 pm; and the air length D (=Zdi/ni) between the light emitting
sections 16R, 16(; and 16B (organic EL device) and the black matrix layer BM is 30
um. Where an average refractive index n between the light emitting sections 16R, 16G,
and 16B (organic EL device) and the black matrix layer BM is 1.6, the view angle o at
which vignetting of the display light L from the orgamic EL device caused by light

shielding by the black matrix layer BM starts to be generated becomes 11.31 deg based

on the foregoing Formula (17).  Thus, it is found that light shielding (vignetting of the



[0050] FIG. 3 illustrates an example of a relation between the view angle a

and a relative luminance (relative luminance in the case where luminance

is 100% where the view angle a is §leg) where the pixel pitch of the

respective pixels IOR, 10G, and | OB "is 100 m; the aperture dimension

WBM of the black matrix layer BM is 70 um; the light emitting region

dimension WEL of the light emitting sections 16R, 16G, and 16B (organic
disfHhy0eMIEa) i38QM, anddhe. air.lergih Q Q%IEQ'&Q%%IW%@@@@?BE iz(md the

emitting séctions 16R. 160, and 16B (organic EL device) and the blac

reldRetrixdaner BM 1830 Bmo\Where anaveiageseifactive IndexnbeiNeen is 45
the light emitting sections 16R, 16G, and 16B (organic EL device) and the

degblack matrix layer BM is 1.6, the view angle a at which vignetting of the
display light L from the organic EL device caused by light shielding by the

[ooblackynatrixiayerBMstartisteibe ganeratedfecomend Lohdegbasgdent, in
on the foregoing Formula (17). Thus, it is found that light shielding

the (dgnelting afdhesha;displaywtightitdistantsie be-gepsrated fiem and 16B) as a

considerably low angle region, and the relative luminance is lowered

selfdowiniona Mk eauahiaiap lessitbamd fub Wavheramaisidrroenr R0 Aded,

described above, according to the display apparatus of this embodiment,

andiththecgasanyhesaihie organisdELsievire (lghtemittisgegecHoms 1R angle ¢
16G, and 16B) as a self-luminous type light emitting device and the black

ranfeafrbplayes BMdarerpravigadsiand-ihe-foreoempFaupulai(dl) Bibm the light
Formula (16) are satisfied, in the view angle a range from O to 60 deg

em Ol ingusivel srgneitingnaf tbe displaydight defren) thadightyemaittingiclding by
sections 16R, 160, and 16B (organic EL device) caused by light shielding

the byadhedataick mativayear=Bi ismeyed geneiaied. tkbhdspnthedisplayincluding
apparatus including the self-luminous type light emitting device, view

the anglévetiacastasistioghobiviminadeeicaniew angle characteristics of luminance can
be improved,

[0052] Further, in the case where the organic EL device (light emitting sections 16R,
16¢3 and 16B) as a self-luminous type light emitting device and the black matrix layer
BM are provided, and the foregoing Formula (11), Formula (19), and Formuia (23) are
satisfied, when the aperture dimension Wpys of the black matrix layer BM is larger than
the light emitting region dimension Wgp of the light emitting sections 16R, 16G, and
16B {organic EL device), even if vignetting of the display light L from the organic EL
device caused by light shielding by the black matrix layer BM is generated in the view
angle o range from 0 to 60 deg both inclusive, the vignetting ratio of the display light L
is suppressed to a value equal to or less than 50%. Thus, in the display apparatus
meluding the self-luminous type light emitting device, view angle characteristics of
luminance can be mmproved.

[0053] [Second embodiment]



be improved. [0052] Further, in the case where the organic EL device
(light emitting sections 16R, 160, and 16B) as a self-luminous type light
emitting device and the black matrixolgyer BM are provided, and the
foregoing Formula (11), Formula (19), and Formula (23) are satisfied,
when the aperture dimension WBM of the black matrix layer BM is larger
than the light emitting region dimension WEL of the light emitting sections

16R, 60, and.JoB{Qraanic & devicalr eveRiiopsaiing,althe, figplay.ccent
light L from the organic EL device caused by light shielding by the black

invenalix laysr BM ds0enrrated indhe.vieu ap0le afargs Temu8iiaa? 489same
both inclusive, the vignetting ratio of the display light L is suppressed to a

refe¥aidaieqnaldR Qrless ARan o0 Thus JRythesisniay ARPAUS IBEIUAIRE as

the self-luminous type light emitting device, view angle characteristics of
appyérg}igg@g]ce can be improved. [0053] [Second_ embodiment] 20 N(-?-xt, a
description will be given of a second embodiment of the present invention.

[ookor thecsameelgmentsasthe elamenisinthe disiembodinepbatis SaMenic

reterential symbols will be affixed therewith, and descriptions thereof will

EL RespritteshasaPRropHais:dRQ5d s «hillisiales aeress sREHNAL, display

configuration of a display apparatus (organic EL display apparatus IA)

appafeaLding {e:thisemberimentnmihe araanitl display.apravatysdindhevith

aperture dimension WBM of the black matrix layer BM is formed with a

2 sisizeqeaud)l t9 Redessithianithie kghtemitteg regiaerdimensipo ML ighthaitting
light emitting sections 16R, 16G, and 16B (organic EL device)

seclR@E@SRONENGHE adpeasiisaxampte b thehebbamiiing regerfic example of
dimension WLD) in the organic EL display apparatus 1

the light emitting region dimension Wip) in the organic EL display apparatus 1
described in the first embodiment. In addition, the organic EL display apparatus 1A
corresponds to an embodiment in a case that problems in the life, the power
consumption and the like of the organic EL device are not much generated. That s, in
the organic EL display apparatus 1A of this embodiment, first, the following Formula
(24) 1s satisfied.

Wen-WeL <0 (24)

10055] An overlap amount as the difference value between the light emitting region
dimension Wy of the organic EL device and the aperfure dimension Wy of the black
matrix layer BM (Wg -Wpn) 1s desirably twice or more a margin in lavering the
opposed substrate 15 and the drive substrate 11.  Further, in this embodiment, though
light shieiding on the front side is generated in the position at the view angle o of ¢
degrees as well, the section that has been hidden becomes viewable. Thus, as long as a

portion of shadow region by the black matrix layer BM is overlapped with the overlap

region of the organic EL device and the black matrix layer BM, actual luminance



described in the first embodiment. In addition, the organic EL display
apparatus IA corresponds to an embodiment in a case that problems in
the life, the power consumption anc%he like of the organic EL device are
not much generated. That is, in the organic EL display apparatus IA of
this embodiment, first, the following Formula (24) is satisfied.
WBM-WEL_~O (24) [0055] An overlap amount as the difference value

lowRRIveen he-lightgmnitting region dimension WEL of the organic EL
device and the aperture dimension WBM of the black matrix layer BM

[00§WEL\WBM) s desirablydwice or more a margin in layering the opposed
substrate 15 and the drive substrate 11. Further, in this embodiment,

thoughi gt ShielchngieNHNEHERNRL SIHp AR ARN RGO INSG ROGHRAALIRE: the

view angle a of O dcegrees as well, the section that has been hidden

porB8EAMESMIRWARIR THLE AB1AeR-waRR ROLamel shadaykredianRYHb Sverlap
black matrix layer BM Is overlapped with the overlap region of the organic

regileh GeVine anchihe blackmatrinlayer BMcacthaklininanae21adowssinisove,
not generated. [0056] (Case with no vignetting) Thus, in the organic EL

vighlisphay appRratusidA abthis esahosimentsmRep RenRertionnk shadensidering

region by the black matrix layer BM is overlapped with the overlap region

For@fillag Droamicreladeyios pndibe Rlack soatielaverBMesarbed ahoMens) is
vignetting of the display light L can be perfectly prevented. That is,

estBORBIERAghFasmutaid disang Fermuladdonin dheditsterbodimantet theioh:
following Formula (25) is established, vignetting of the display light L from

shidhBrrganic bladevieaigdusadioy ightvehielding &y ithenblaekyMatiX aueY from
BM is never generated in the view angle range from

0 deg to o both inclusive.

astan” (Wer-Wan)/(2*D)) (25)

[0057] Further, as described in the first embodiment, in a general display apparatus,
even if vignetting is generated at the view angle o equal to or more than 60 deg, it
possibly leads to no large practical problem. Further, as described in the first
embodiment, the reason why a=60 deg is adopted 1s as follows. That is, it is regarded
that 60 deg is not only a mathematical agreement but also is the angle as one index for a
person skilled in the art. Thus, where ¢=60 deg is assigned to Formula (23), the
following Formula (26) is established. However, in this case, as in the first
embodiment, in the case where the aperture ratio is small (in the case where the value of
(We-Wan) 15 large), it means that the film thickness of the proteciive laver 13 and the
film thickness of the sealing layer 14 are significantly small. Thus, considering life
lowering due to increase of the current density, heat resistance in the process and the
like, the aperture ratio is desirably as large as possible (the value of (Wg-Wpw) is

desirably as small as possible).



0 deg to a both inclusive. a<tan'((WEE-WBM)/(2*D)) (25) [0057] Further,
as described in the first embodiment, in a general display apparatus,
even if vignetting is generated at the yiew angle a equal to or more than
60 deg, it possibly leads to no large practical problem. Further, as
described in the first embodiment, the reason why a=60 deg is adopted is
as follows. That is, it is regarded that 60 deg is not only a mathematical
23 OVe R, but also i@@ge angle as one index for a person skilled in the
art. Thus, where a=60 deg is assigned to Formula (25), the following

[oof@rmyla28)isrstablished: However 1R tisrasedas bihe fitsthe case where
embodiment, in the case where the aperture ratio is small (in the case

the Whessithervalng o1 0V B WVBM)IS lergel it eansithatithe filgrdhickBsssnent,

of the protective layer 13 and the film thickness of the sealing layer 14 are

in tisiGAHicanthe smalled s 0apsideEpGHe ilewrring quﬁeEgﬂ@Qfﬁmoépm light
current density, heat resistance in the process and the like, the aperture

L fi@tiofis desirablyasdacgeas nessinledthavalge of QMEEWBM)IS) caused by
desirably as small as possible). 22 213<(WEL WBM)/D (26) [0058] In the

lighekganitAlbdisRlay.appafaius.deA gRnfigwres asabave, in the case where
the foregoing Formula (24) and Formula (26) are satisfied, as in the first

[cosmbodimeniihinithevignoanglaa¢agige from O to 60 deg both inclusive,
vignetting of the display light L from the light emitting sections 16R, 16G,

and MeRi(arganitElate\istogaused bndightahialdingdy daeblack masHX the
layer BM is never generated. [0059] (Case with vignetting on some level)
regivexicraslin ihefishiamdogiment, stugiesivill diegnadgomiacasemiem dhaeM
exists in the angle range equal o or less than the view angle o (case that vignetting of
the display Light L from the light emitting sections 16R, 16G, and 16B (organic EL
device) caused by light shielding by the black matrix layer BM is generated). In this
case, considering the foregoing Formula (26), the following Formula (27) is established.
Further, where o=60 deg is assigned to Formula (27) in the same manner as that of the
foregoing case, the following Formula (28) is established.
w>tan (W -Wew)/(24D)) (27)
23> (Wi Wi )/D (28)
[0060] The ratio of vignetting of the display light L caused by light shielding by the
black matrix layer BM (light shielding ratio of the display light L} is proportional to the
ratio between the dimension Lg of the region actually light-shielded by the portion of
shadow region and the aperture dimension Wy of the black matrix layer BM.  Thus,
the vignetting ratio of the display light L is expressed by the following Formula (29).
Therefore, to set the vignetting ratio of the display light L to a value equal to or less than

50%, it is enough that the following Formula (30} is satisfied. Where the following



region actually light-shielded caused by light shielding by the black matrix
layer BM exists in the angle range equal to or less than the view angle a
(case that vignetting of the display light L from the light emitting sections
16R, 16G, and 16B (organic EL device) caused by light shielding by the
black matrix layer BM is generated). In this case, considering the
foregoing Formula (26), the following Formula (27) is established.

ForfMIEN80 O Ri&:BRE0 fleddaRssignedyiaamuadzr)indhe same manner

as that of the foregoing case, the following Formula (28) is established.

(Vi@g{gﬂgi@{yggfw (g;R)UZ@Bg@ngEL- H@)M)/D (28) [0060] The ratio
~ “of vignetting of the display light L caused by light shielding by the black

o.5308lrw layen BMflight shielding ratio of the display light L) is proportional
to the ratio between the dimension LB of the region actually light-shielded

0.5=bw£tr§mq%§@f5a%mggwg§gion and the aperture dimension WBM of the
black matrix layer BM. Thus, the vignetting ratio of the display light L is

[oosxpresseLy the-foleming Farmula28). Ihsmiese IRsetdhevigneiingsrom

ratio of the display light L to a value equal to or less than 50%, it is

30 @okofuthal therfollaning Foummula 3Riés: %ﬁﬁ%&i%@' Where hefolawingi?d as
a

Formula (30) is modified, the following Formula (31) is established.

in theiGRQtENG Jatineat displaf dightsdthBAVBIYI (20 H=iL B/WBM)>0 (30)
0.5*WBL>D*tana>0.5*(WEL-WBM) (31) [0061] Further, in the Formula

(V3(Bmwhene the apprepriatg Jymeral palye range from 30 deg to 60 deg
both inclusive as an application range of the view angle a is applied as in

(00818 firstirmbedineent, thefollapiachfermuladSRlisestablishedin the case where
the foregoing Formula (24), Formula (28), and Formuia (32) are satisfied, when the
aperture dimension Wgy of the black matrix layer BM is equal to or less than the light
emitting region dimension Wy of the light emitting sections 16R, 16G, and 16B
{organic EL device), even if vignetting of the dispiay light L from the organic EL device
caused by light shielding by the black matrix layer BM is generated in the view angle o
range from 0 to 60 deg both inclusive, the vignetting ratio of the display light L is
suppressed to a value equal to or less than 50%.

f0063] As described above, according o the display apparatus of this embodiment, in
the case where the organic EL device (light emitting sections 16R, 16G, and 16B) as a
self~luminous type light emitting device and the black matrix laver BM are provided,
and the foregoing Formula (24) and Formula (26) are satisfied, in the view angle «
range from 0 to 60 deg both inclusive, vignetting of the display light L from the light
emithing sections 16K, 16G, and 16B (organic EL device) caused by light shielding by
the black matrix layer BM is never generated. Thus, in the display apparatus including

the self-luminous type light emitting device, view angle characteristics of luminance can



(~3/2)*WBL>D>(1/2,3)*(WBL-WBM) (32) [0062] In the organic EL display
apparatus IA configured as above, in the case where the foregoing
Formula (24), Formula (28), and Formula (32) are satisfied, when the
aperture dimension WBM of the black matrix layer BM is equal to or less
than the light emitting region dimension WEL of the light emitting sections
16R, 16G, and 16B (organic EL device), even if vignetting of the display
be i!lilgll;}tolv,efgpm the organic EL device caused by light shielding by the black
matrix layer BM is generated in the view angle a range from 0 to 60 deg

[ooksth inglusive, the vignetiing ratio,pfthe disniayilightLis -SHRRISSSEHIR 36R.

value equal to or less than 50%. [0563] As described above, according to

16¢hendisplay Anpasatusahthis @Rbedimant i  the sasenynere, the Araamic ayer
EL device (light emitting sections 16R, 16G, and 168) as a self-luminous

BMYRE ! Raiting e vice ansotihe plack matrixJayslBM arg erovideds @09 are

the foregoing Formula (24) and Formula (26) are satisfied, in the view

satigRgleahsRmge frorm e 19:60dra hoth, ipelusiveadgnating of thevdisRlayai o or
light L from the light emitting sections 16R, 16G, and 16B (organic E

lessigMigahcalssed Dy lightrshistding: by taeblack meadrixday emBivhis A8MShs 16R,

generated. Thus, in the display apparatus including the self luminous type

16dightenaltingrgavica;viewiapgleveharaciessing offluwminanes,came4. Bem the
improved. [0064] Further, in the case where the organic EL device (light

org@fiuttingdseriions: 3Ry 166 aneldieBhasiee Satuminausdyperishts cenerated
emitting device and the black matrix layer BM are provided, and the

in deregeingnzrmuta (24yohomulad(2R)y: anth Rermuiee(3I8) arensatisfigdic of the
when the aperture dimension WBM of the black matrix layer BM is equal

dispinpiidass thanghedigitiemiting regigndineasiemiVELf thadight the display
emitting sections 16R,

apparatus including the self-luminous fype light emitting device, view angle
characteristics of luminance can be improved.

[60651 While the invention has been described with reference to the first and the
second embodiments, the invention is not limited to these embodiments, and various
modifications are able to be made,

[0066] For example, in the display apparatus of the present invention, for example, as
illustrated in FIG 5(A), in the respective pixels 10R, 10G and 10B, the aperture
dimension Wy of the black matrix layer and the light emitting region dimension Wy
of the light emitting device (light emitting sections 16R, 16G, and 16B) in the horizontal
direction (X direction in the figure) are preferably longer than those in the vertical
direction (Y direction in the figure) (a dimension Ly in the horizontal direction of the
pixel 1s preferably longer than a dimension Ly in the vertical direction of the pixel),

respectively,  That is, the configuration illustrated in FIG. 5(A) is more preferable than

a configuration in which in the respective pixels 10R, 10G, and 10B, the aperture



16 and 16B (organic EL device), even if vignetting of the display light L
from the organic EL device caused by light shielding by the black matrix
layer BM is generated in the view ar(;jgle a range from 0 to 60 deg both
inclusive, the vignetting ratio of the display light L is suppressed to a
value equal to or less than 50%. Thus, in the display apparatus including
the self-luminous type light emitting device, view angle characteristics of

dinlbRBIBANGE,C8N e UNRIONRE: I0RGa] WhIleNGIVEREIRRL RS BE & mension W,

described with reference to the first and the Second embodiments, the

of tyeRtioads ek limited o dhess embodiments; ard \atiods MBRJIfications ical
are able to be made. [0066] For example, in the display apparatus of the

dirddiesentdinistionsior examplesrshillusiriedinRtGn SR dtbsion 1, in the
respective pixels 10R, 10G, and 108, the aperture dimension WBM of the

verRlackimalibn yekangihe lightemitingregiraginensiomWiel- i irection
light emitting device (light emitting sections 16R, 16G, and 16B) in the

of tRerhresItals direstiand( direciominshedigyr) areRrefesabiniondgss thaliiows,

those in the vertical direction (Y direction in the figure) (a dimension LF-J

In dedheiharizental diastianuafl thecaxelVspreferabiudongebfidnidection is high.
dimension Lam, in the vertical direction of the pixel), respectively. That is,

Cottbriaonfiguratondlustiated i ElchatA)dsnnerepiricrableitbapitg is increased
configuration in which in the respective pixels IOR, 100, and 10B, the

in tApertresbl dinehsierdBiMbithahlack matixiayesand thedghtd the pixel
emitting region dimension WEL of the light emitting device (light emitting

pit@eptionsched, ibGk: anddbB)rinthe verticabwditeston aretongar 4ham in actual
those in the horizontal direction (the dimension Lv, in the vertical direction

usagt the pixekisitapdarifanmbetdimension kirkia therhaszentalodireetiomefin the
the pixel) as illustrated in FIG. 5(B), for example. The reason thereof is as

horfallowbdirection in addition to the effects in the foregoing embodiments.

[0067] Further, in the foregoing embodiments, the description has been given of the
organic EL display apparatuses 1 and 1A including the organic EL device in the light
emitting sections 16R, 16G, and 16B as an example of a self-luminous type display
apparatus including a self-luminous type light emitting device. However, the present
invention is applicable to an inorganic EL display apparatus including an inorganic EL

device as a seif-luminous type light emitting device and other self-luminous type

display apparatus such as an FED (Field Emission Display).



In general, regarding audio visual direction, visibility in the horizontal
direction is high. Considering such a fact, when a pixel shape is made so
that the pixel pitch is increased in thg, horizontal direction necessitating a
large view angle in actual usage, and the pixel pitch is decreased in the
vertical direction not necessitating a large view angle in actual usage, it is
possible to further improve the view angle characteristics of luminance in
the horizontal direction in addition;tg theseffects in the foregoing
embodiments. [0067] Further, in the foregoing embodiments, the
1. descrptiopihasfesneivenehile . osaamisELbdisplay apnaratusesd At of
IA including the organic EL device in the light emitting sections 16R, 16G,
ma@ichd QBvasian-example of a self-luminous type display apparatus
including a self.-luminous type light emitting device. However, the present
inventipaiisa@plicakie to an inorganic EL display apparatus including an
inorganic EL device as a self-luminous type light emitting device and
otheraselfrllminous type lidisnlay@pparatiss sush-asian. EER:(EiRlsponding to
Emission Display). 26 CLAIMS 1. A display apparatus in which a plurality
cachipbeelmare-aiianges dn dstate of sibatreasaadvhole, comprising: a pair
of substrates; a self-luminous type light emitting device fonned in a region
correspondingdeieashpivehet one subsiioteaidhenpris ab SUPSHMBSetween
and a black matrix layer formed in a region corresponding to a portion
eachefiwelem tachipixalisniteodtihe mpubstrate ohthe pair of substrates, and
satisfying the following Formula (41) : 2 'U<(j WBM-WLD f /D) (41)
satisfying the following Formula (41) :

2V3Z(| W Win | /D) (41)

where Wgy represents an aperture dimension of the black matrix layer; Wyp represents
a light emitting region dimension of the light emitting device; and D represents an air
length between the light emitting device and the black matrix layer.

2. The display apparatus according to claim 1, wherein in each pixel, the aperture
dimension Wy of the black matrix layer and the light emitting region dimensior Wip
of the iight emitting device in the horizontal direction are respectively longer than the
aperture dimension Wpgy of the black matrix layer and the light emitting region
dimension Wp of the light emitting device in the vertical direction.

3. The display apparatus according to claim 1, wherein the light emitting device is
an organic EL device, and the display apparatus is configured as an organic EL display

apparatus.



where WBM represents an aperture dimension of the black matrix layer;
WLD represents a light emitting region dimension of the light emitting
device; and D represents an air Iengtp between the light emitting device

and the black matrix layer. 2. The display apparatus according to claim 1,
wherein in each pixel, the aperture dimension WBM of the black matrix

layer and the light emitting region dimension WLD of the light emitting

4. devicg indhahapizantal directien @%ﬁﬁ«ﬁﬁ%ﬁ%\f?ﬁ&@%& hemhe APSIIR of

dimension WBM of the black matrix layer and the light emitting region

masineNsieRVLLahthenlight emitting device in the vertical direction. 3. The
display apparatus according to claim 1, wherein the light emitting device is

an orgamicEkudeiiges.and the display apparatus is configured as an
organic EL display apparatus. 27 4. A display apparatus in which a

pluralityof pixels s eyasrangeshinanstate RE MAakb4as a WHRIE ccarRpiisinig: to

a. pair of substrates; a self-luminous type light emitting device formed in a

caclegiod 60HESPENIRG 1T (Raghi pixaloRenessuhstrate of the pair of
substrates; and a black matrix layer formed in a region corresponding to a

portientiaiiveenrieaehepireharithe otheisubstate @fdhe paikfortion between
substrates, and satisfying the following Formula (42) to Formula (44): 2

cach F(E B MWILE: #IDs(42) WY HRDMBM §483trates, and
(13/2)*wBM?D?(1/213)*(WBM-WLD) (44) where WBM represents an
apertungstimgnisiablnfiie: Haak whatdX)layBeaMbib (44):

2 V3>(| Wan-Win | /D) (42)

WLp<Wpn (43)

(V3/2)* Wn=D2(1/2V3 )4 (Wan-Wip) (44)

where Wpgy represents an aperture dimension of the black matrix layer; Wip

represents a light emifting region dimension of the light emitting device; and D

represents an air length between the light emitting device and the black matrix layer,

5. The display apparatus according to claim 4, wherein in each pixel, the aperture

dimension Wpy of the black matrix layer and the light emitting region dimension Wyp

of the light emitting device in the horizontal direction are respectively longer than the

aperture dimension Wpy of the black matrix layer and the light emitting region

dimension W p of the light emitting device in the vertical direction.

6. The display apparatus according to claim 4, wherein the light emitting device is
an organic EL device, and the display apparatus is configured as an organic EL display

apparatus.



represents a light emitting region dimension of the light emitting device;
and D represents an air length between the light emitting device and the
black matrix layer. 5. The display apparatus according to claim 4, wherein
in each pixel, the aperture dimension WBM of the black matrix layer and
the light emitting region dimension WLB of the light emitting device in the
horizontal direction are respectively longer than the aperture dimension
WBM of the black matrix layer and the light emitting region dimension
WLD of the light emitting device in the vertical direction. 6. The display

7. apparatigaccapingda claimnbnwhersiithe JgBLemiting.faxieeis asate of

organic EL device, and the display apparatus is configured as an organic

matEk SISPRYoBPRAFMYSng8 7. A display apparatus in which a plurality of
pixels are arranged in a state of matrix as a whole, comprising a pair of

substatgse Asslialkainous type light emitting device formed in a region
corresponding to each pixel on one substrate of the pair of substrates;

and @ black:Maisix aysr fermnead in f.region coHssPandiRg 16a2:-BRdigBnding to
between each pixel on the other substrate of the pair of substrates, and

cacB sty ing dhe Jahawing Ferula d4tameumaa (47): WBM-WLD 1 /D)
(45) WLD?WBM (46) (,V3i2)*WLD>_ D>(112~))*(MI'LD-WBM) (47) where

WBM repatesaiis: anapeuiadimensieniol therRiackaatriv layesiWh Berween
represents a light emitting region dimension of the light emitting device;
cacBPkEl on the other subsirate of the pair of substrates, and
satisfying the following Formula (45) to Formula (47):
ON3>(I Wen-Wip | /D) (49)
Wip>Wam (46}
(N3/2)* Wy p2D>(1/293) 4 (Wi p-Wen) 47)
where Wpy represents an aperture dimension of the black matrix layer; Wip

represents a light emitting region dimension of the light emitting device; and D

represents an air length between the light emitting device and the black matrix layer.

8. The display apparatus according to claim 7, wherein in each pixel, the aperture
dimension Wpy of the black matrix layer and the light emitting region dimension Wip
of the light emitting device in the horizontal direction are respectively longer than the
aperture dimension Wgy of the black matrix layer and the light emitting region

dimension Wy of the light emitting device in the vertical direction.

9. The display apparatus according to claim 7, wherein the light emitting device is

an organic EL device, and the display apparatus is configured as an organic EL display



represents an air length between the light emitting device and the black
matrix layer. 8. The display apparatus according to claim 7. wherein in
each pixel, the aperture dimension WBM of the black matrix layer and the
light emitting region dimension WLD of the light emitting device in the
horizontal direction are respectively longer than the aperture dimension
WBM of the black matrix layer and the light emitting region dimension

appiMel of the light emitting device in the vertical direction. 9. The display
apparatus according to claim 7, wherein the light emitting device is an
organic EL device, and the display apparatus is configured as an organic
EL display 29 apparatus.



