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(54) DISPLAY APPARATUS

(57) A display apparatus including a self-luminous
type light emitting device with which view angle charac-
teristics of luminance are able to be improved is provided.
An organic EL device (light emitting sections 16R, 16G,
and 16B) as a self-luminous type light emitting device
and a black matrix layer BM are provided, and Formula
(11) and Formula (16) are satisfied. In the view angle α
range from 0 to 60 deg both inclusive, vignetting of 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. Meanwhile, in the
case where Formula (11), Formula (19), and Formula
(23) are satisfied, 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
α 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%.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a display apparatus including a self-luminous type light emitting device 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 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 angle characteristics of luminance.
[0003] 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,
in 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.
[0004] In the self-luminous type light emitting device provided with such a black 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 and reliability. 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 formed on the opposed substrate side.
[0005] Thus, when the backplane and the opposed substrate on which the black matrix layer is formed are aligned
and bonded to each other, a distance corresponding to a thickness 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 is 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 black matrix layer or the like exists, when a pixel is 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 shielding region is thereby generated, and the luminance is lowered according to the
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 sig-
nificant.
[0009] The foregoing light shielding phenomenon is a phenomenon unique to the display apparatus including the self-
luminous device having a finite size. Such a light shielding phenomenon is not generated in a liquid crystal display
apparatus in which a perfect diffusion light source (backlight light source) is arranged separately from a liquid crystal
panel. This is because in the liquid 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 no problem. In fact, the actual problem as the visual field characteristics in the liquid
crystal display apparatus is contrast degradation caused by spectroscopic characteristics 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 light shielding as view angle
characteristics described above have existed. For example, as described in the foregoing Patent Document 1, only a
technique 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.
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[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 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 (1) is satisfied. 

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 black
matrix layer, respectively.
[0013] In the first display apparatus of the present invention, since the foregoing Formula (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 plurality of pixels are arranged in 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 (2) to Formula (4) are
satisfied. 

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 black
matrix layer.
[0015] In the second display apparatus of the present invention, since the foregoing Formula (2) to Formula (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 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%.
[0016] In a third 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 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. 

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 black
matrix layer.
[0017] In the third display apparatus of the present invention, since the foregoing Formula (5) to Formula (7) are
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satisfied, in the case where the aperture dimension of the black matrix layer is equal to or less 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 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%.
[0018] According to the first display apparatus of the present invention, the self-luminous type light emitting device
and the black matrix layer 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 display 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 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 device
and the black matrix layer are provided, and the foregoing Formula (5) to Formula (7) are satisfied. Thus, if the aperture
dimension of the black matrix layer is equal to or less 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 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 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. 1] FIG. 1 is a cross sectional view illustrating a configuration of a display apparatus according to a first
embodiment of the present invention.
[FIG. 2] FIG. 2 is a cross sectional view illustrating a detailed structure of the light emitting section illustrated in FIG. 1.
[FIG. 3] FIG. 3 is a characteristics diagram illustrating an example of a relation between a view angle and a relative
luminance.
[FIG. 4] FIG. 4 is a cross sectional view illustrating a configuration of a display apparatus according to a second
embodiment.
[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.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0022] A description will be hereinafter given in detail of embodiments of the present invention with reference to the
drawings.

[First embodiment]

[0023] 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 1, for example, an after-mentioned
plurality of light emitting sections 16R, 16G, and 16B are respectively arranged in a state of matrix in pixels 10R, 10G,
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 16B, 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 light emitting sections 16R, 16G, and 16B are respectively formed in a region corresponding to the pixels
10R, 10G, and 10B, and are composed of self-luminous type light emitting 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; a hole injection layer 162, a hole transport
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layer 163, a light emitting layer 164, and an electron transport layer 165 as an organic layer; 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 bonding the opposed substrate 15 made of glass or the like to the whole area of the protective
layer 13 with the sealing layer 14 in between. The distance between the light emitting sections 16R, 16G, and 16B and
the black matrix layer BM is about 30 Pm, which includes the thickness of the protective layer 13 and the thickness of
the adhesive layer 14. The drive transistor is electrically connected to the first electrode 161 through an aperture 12-1
provided in the insulating film 12.
[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 layer 163, the light emitting layer 164, and the electron transport
layer 165 are layered sequentially from the first electrode 161 side. Of the foregoing, it is enough that layers other than
the light emitting layer 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 emitting layer 164 contains a host material
having charge transport characteristics and a dopant material (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 possible
that an electron injection layer (not illustrated) that has, for example, a thickness of about 0.3 nm and is composed of
LiF and Li2O or the like is provided between the electron transport layer 165 and the second electrode 166.
[0028] The hole injection layer 162 of the light emitting section 16R has, for example, a thickness from 5 nm to 300
nm both inclusive, and is composed of 4,4’,4"-tris(3-methylphenylphenylamino)triphenyl amine (m-MTDATA) or 4,4’,4"-
tris(2-naphthylphenylamino)triphenyl amine (2-TNATA). The hole transport layer 163 of the light emitting section 16R
has, for example, a thickness from 5 nm to 300 nm both inclusive, and is composed of bis[(N-naphthyl)-N-phenyl)
benzidine (α-NPD). The light emitting layer 164 of the light emitting section 16R has, for example, a thickness from 10
nm to 100 nm both inclusive, and is composed of a material in which 30 wt% of 2, 6≡bis[4’≡methoxydiphenylamino)
styryl]≡1,5≡dicyanonaphthalene (BSN) as a dopant material is mixed with 9,10-di-(2-naphtyl)anthracene (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 inclusive, and is composed of 8≡hydroxyquinoline aluminum (Alq3).
[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-TNATA. 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 α-NPD. The light emitting
layer 164 of the light emitting section 16G has, for example, a thickness from 10 nm to 100 nm both inclusive, and is
composed of a material in which 5 volume% of Coumarin 6 as a dopant material is mixed with ADN as a host material.
The electron transport layer 165 of the light emitting section 16G has, for example, a thickness from 5 nm to 300 nm
both inclusive, and is composed of Alq3.
[0030] The hole injection layer 162 of the light emitting section 16B has, for example, a thickness from 5 nm to 300
nm both inclusive, and is composed of m-MTDATA or 2-TNATA. The hole transport layer 163 of the light emitting section
16B has, for example, a thickness form 5 nm to 300 nm both inclusive, and is composed of α-NPD. The light emitting
layer 164 of the light emitting section 16B has, for example, a thickness from 10 nm to 100 nm both inclusive, and is
composed of a material in which 2.5 wt% of 4,4’≡bis[2≡{4≡(N,N≡diphenylamino)phenyl}vinyl]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 inclusive, and is composed of Alq3.
[0031] The second electrode 166 has, for example, a thickness from 5 nm to 50 nm both inclusive, and is composed
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 lithium (Li) (AlLi alloy)
is 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 (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, 16G, and 16B. The protective layer 13 is made of a material having low water permeable char-
acteristics and low water absorbing characteristics, and has a sufficient thickness. Further, the protective layer 13 is
made of a material having high transmissive characteristics to light generated in the light emitting layer 164 such as a
material having a transmittance equal to or more than 80%. Such a protective layer 13 has, for example, a thickness
about from 2 Pm to 3 Pm both inclusive, and is made of an inorganic amorphous insulating material. Specifically, the
protective layer 13 is preferably composed of amorphous silicon (α-Si), amorphous silicon carbide (α-SiC), amorphous
silicon nitride (α-Si1-xNx), or amorphous carbon (α-C). Such an inorganic amorphous insulating material does not compose
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grains, and thus has low water permeability characteristics and structures the favorable protective layer 13. Further, the
protective layer 13 may be made of a transparent conductive material such as ITO.
[0034] The sealing layer 14 is made of, for example, a thermosetting resin or an ultraviolet ray curable resin.
[0035] The opposed substrate 15 is located 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 16B together with the
sealing layer 14, and is made of a material such as glass transparent to light generated in the light emitting sections
16R, 16G, and 16B. The opposed substrate 15 is provided with, for example, the color filter layers 17R, 17G, and 17B,
which extract light generated in the light emitting sections 16R, 16G, 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 layer BM.
[0036] The color filter layers are composed of the color filter layer 17R as a red filter, the color filter layer 17G as a
green filter, and the color filter layer 17B as a blue filter. The color filter layers are arranged for each pixel correspondingly
to the light emitting sections 16R, 16G, and 16B. The color filter layers 17R, 17G, and 17B are respectively, for example,
in the shape of a rectangle, and are formed with no space therebetween. These color filter layers 17R, 17G, and 17B
are respectively made of a resin mixed with a pigment. By selecting the pigment, adjustment is made so that the light
transmission ratio in the targeted red, green, or blue wavelength region is high and the light transmission ratio in the
other wavelength regions is low.
[0037] The black matrix layer BM is formed in a region corresponding to a region between the pixels 10R, 10G, and
10B. The black matrix layer BM is intended to segment the display regions of the pixels 10R, 10G, and 10B, 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 contrast. The black matrix layer BM is composed of a laminated body of thin film layers composed of
a metal, a metal oxide, and a metal nitride. For example, the black matrix layer BM is made of a two-layer chromium
black matrix composed of a lamination of CrOx (x is a given number) and Cr or a three-layer chromium black matrix
composed of a lamination of CrOx, CrNy, and Cr (x and y 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.

(Case with no vignetting)

[0039] First, in the organic EL display apparatus 1 of this embodiment, as illustrated in FIG. 1, where an aperture
dimension of the black matrix layer BM is WBM; a light emitting region dimension of the organic EL device in the light
emitting sections 16R, 16G, and 16B is WEL (corresponding to a specific example of a light emitting region dimension
WLD); and a value obtained by converting a distance in the vertical direction between the light emitting sections 16R,
16G, and 16B (organic EL device) and the black matrix layer BM to an air length is D (=Edi/ni), magnitude relation
between the aperture dimension WBM of the black matrix layer BM and the light emitting region dimension WEL of the
organic EL device satisfies the following Formula (11) in order to avoid lowering of light usage efficiency due to hiding
the light emitting region. That is, the aperture dimension WBM of the black matrix layer BM is larger than the light emitting
region dimension WEL of the organic EL device. The difference value between the aperture dimension WBM of the black
matrix layer BM and the light emitting region dimension WEL of the organic EL is desirably twice or more a margin in
layering the opposed substrate 15 and the drive substrate 11. 

[0040] As illustrated in FIG. 1, if a display video in the organic EL display apparatus 1 is viewed in the air from the
direction with an angle α (view angle α) to the opposed substrate 15, a length Ls of a shadow region formed on the light
emitting sections 16R, 16G, and 16B caused 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 (13). 
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[0041] Thus, where the following Formula (14) is satisfied, the region actually light-shielded caused by light shielding
by the black matrix layer BM does not exist. Therefore, in the view angle range from 0 deg to α both inclusive, vignetting
of the display light L from the organic EL device caused by light shielding by the black matrix layer BM is never generated.
Further, when Formula (14) is modified, it results in Formula (15). One of the conditions satisfying Formulas (14) and
(15) is a case that the black matrix layer BM is formed directly above the light emitting sections 16R, 16G, and 16B. 

[0042] Further, in a general display apparatus, even if vignetting is generated at the view angle α equal to or more
than 60 deg, it possibly leads to no large practical problem. The reason why α=60 deg is adopted is as follows. For
example, in the case where the optimal audio view distance is twice the width of a 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. 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 α=60 deg is assigned to Formulas
(14) and (15), the following Formula (16) is established. 

[0043] In the case where the aperture ratio is small (in the case where value of (WBM-WEL) is large), it means that the
film thickness of the protective layer 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 (value of (WBM-WEL) is desirably as small as possible).
[0044] In the organic EL display apparatus 1 configured as above, by a drive signal supplied from the not-illustrated
pixel drive circuit, a drive current is flown between the first electrode 161 and the second electrode 166 in the organic
EL device in the respective light emitting sections 16R, 16G, and 16B. Thereby, electron hole recombination is generated,
and light emission is initiated in the light emitting layer 164. Light from the light emitting layer 164 is 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. After 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 satisfied, in the view angle α
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.

(Case with vignetting on some level)

[0046] 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 α (case where 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). Many actual display apparatuses are under such a condition, and thus the studies
may provide a solution more corresponding to reality. In this case, considering the foregoing Formula (14) and Formula
(15), the following Formula (17) and Formula (18) are established. Further, where α=60 deg is assigned to Formulas
(17) and (18) in the same manner as that of the foregoing case, the following Formula (19) is established. 
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[0047] Here, 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 LB of the region actually light-
shielded by the portion of the shadow region and the light emitting region dimension WEL 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. 

[0048] In this case, studies are hereinafter made on an application range of the view angle α in the case where the
vignetting of the display light L is generated as described above. In a mobile usage such as a cellular phone, the view
angle α may be small to some degree. Meanwhile, in a usage such as a TV, the view angle α should be large to some
degree. Considering this point, the application range of the view angle α is appropriately a numeral value range from
30 deg to 60 deg both inclusive. In the case where such a numeral value range is applied to Formula (22), the following
formula (23) is established. 

[0049] In the organic EL display apparatus 1 configured as above, when the foregoing Formula (11), Formula (19),
and Formula (23) are satisfied, in the case where 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, 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 α 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 α and a relative luminance (relative luminance
in the case where luminance is 100% where the view angle α is 0 deg) where the pixel pitch of the respective pixels
10R, 10G, and 10B is 100 Pm; the aperture dimension WBM of the black matrix layer BM is 70 Pm; the light emitting
region dimension WEL of the light emitting sections 16R, 16G, and 16B (organic EL device) is 60 Pm; and the air length
D (=Σdi/ni) between the light emitting sections 16R, 16G, and 16B (organic EL device) and the black matrix layer BM is
30 Pm. 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 α at which vignetting of the display light L from the organic 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 display light L) starts to be generated from a consid-
erably low angle region, and the relative luminance is lowered down to a value equal to or less than 77.1% where α is
45 deg.
[0051] As described above, according to 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
layer BM are provided, and the foregoing Formula (11) and Formula (16) are satisfied, in the view angle α 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. Thus, in the display apparatus
including the self-luminous type light emitting device, view angle characteristics of luminance can be improved.
[0052] Further, 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 layer 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, 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 α 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
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angle characteristics of luminance can be improved.

[Second embodiment]

[0053] Next, a description will be given of a second embodiment of the present invention. For the same elements as
the elements in the first embodiment, the same referential symbols will be affixed therewith, and descriptions thereof
will be omitted as appropriate.
[0054] FIG. 4 illustrates a cross sectional configuration of a display apparatus (organic EL display apparatus 1A)
according to this embodiment. In the organic EL display apparatus 1A, the aperture dimension WBM of the black matrix
layer BM is formed with a size equal to or less than the light emitting region dimension WEL of the light emitting sections
16R, 16G, and 16B (organic EL device) (corresponding to a specific example of the light emitting region dimension WLD)
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 is, in the organic EL display apparatus 1A of this embodiment, first, the following
Formula (24) is satisfied. 

[0055] An overlap amount as the difference value between the light emitting region dimension WEL of the organic EL
device and the aperture dimension WBM of the black matrix layer BM (WEL-WBM) is desirably twice or more a margin in
layering the opposed substrate 15 and the drive substrate 11. Further, in this embodiment, though light shielding on the
front side is generated in the position at the view angle α of 0 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 lowering is not generated.

(Case with no vignetting)

[0056] Thus, in the organic EL display apparatus 1A of this embodiment, when the 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
described above, vignetting of the display light L can be perfectly prevented. That is, considering Formula (14) and
Formula (15) in the first embodiment, if the following Formula (25) is established, vignetting of the display light L from
the organic EL device caused by light shielding by the black matrix layer BM is never generated in the view angle range
from 0 deg to α both inclusive. 

[0057] Further, as described in the first embodiment, in a general display apparatus, even if vignetting is generated
at the view angle α 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 α=60 deg is adopted is 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 α=60 deg is
assigned to Formula (25), 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 (WEL-WBM) is large), it means that the film
thickness of the protective layer 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 (WEL-WBM) is desirably as small as possible). 

[0058] In the organic EL display apparatus 1A configured as above, in the case where the foregoing Formula (24) and
Formula (26) are satisfied, as in the first embodiment, in the view angle α 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.
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(Case with vignetting on some level)

[0059] Next, as in the first embodiment, 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 α (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 α=60 deg is assigned to Formula (27) in the same manner as that of the
foregoing case, the following Formula (28) is established. 

[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 LB of the region actually light-shielded by
the portion of shadow region and the aperture dimension WBM 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
Formula (30) is modified, the following Formula (31) is established. 

[0061] Further, in the Formula (31), where the appropriate numeral value range from 30 deg to 60 deg both inclusive
as an application range of the view angle α is applied as in the first embodiment, the following formula (32) is established. 

[0062] In the organic EL display apparatus 1A 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 light L from the organic EL device caused by light shielding by the black matrix
layer BM is generated in the view angle α 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%.
[0063] As described above, according to 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
layer BM are provided, and the foregoing Formula (24) and Formula (26) are satisfied, in the view angle α 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. Thus, in the display apparatus
including the self-luminous type light emitting device, view angle characteristics of luminance can be improved.
[0064] Further, 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 layer BM are provided, and 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 light L from the organic EL device caused by light shielding by the black matrix layer BM is
generated in the view angle α 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,
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view angle characteristics of luminance can be improved.
[0065] 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 WBM of the black matrix layer and the light emitting region
dimension WEL 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
LH in the horizontal direction of the pixel is preferably longer than a dimension Lv 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 dimension WBM of the black matrix layer and the light emitting region
dimension WEL of the light emitting device (light emitting sections 16R, 16G, and 16B) in the vertical direction are longer
than those in the horizontal direction (the dimension Lv in the vertical direction of the pixel is longer than the dimension
LH in the horizontal direction of the pixel) as illustrated in FIG. 5(B), for example. The reason thereof is as follows. 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 the 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
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 1 A 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 self-luminous type light emitting
device and other self-luminous type display apparatus such as an FED (Field Emission Display).

Claims

1. A display apparatus in which a plurality of pixels are arranged in a state of matrix as a whole, comprising:

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, and
satisfying the following Formula (41) : 

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 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 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 WLD 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.

4. A display apparatus in which a plurality of pixels are arranged in a state of matrix as a whole, comprising:

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
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the pair of substrates, and
satisfying the following Formula (42) to Formula (44): 

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 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 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 WLD 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.

7. A display apparatus in which a plurality of pixels are arranged in a state of matrix as a whole, comprising
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, and
satisfying the following Formula (45) to Formula (47): 

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 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 WLD 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 apparatus.
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