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(57) ABSTRACT

Provided is a display apparatus including a plurality of
pixels each composed of an organic electroluminescent
device, in which the dependency of a view angle can be
reduced without the sacrifice of the luminance of the display
apparatus. The display apparatus of the present invention
includes a plurality of pixels each composed of an organic
electroluminescent device, in which at least one of the pixels
is divided into a plurality of areas different in dependency of
a view angle.
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DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a display apparatus
obtained by arranging a plurality of organic light-emitting
devices (organic electroluminescent (EL) devices) on a
substrate. In particular, the present invention relates to a
display apparatus with improved dependency of a view
angle.

[0003]

[0004] In recent years, a display using an organic elec-
troluminescent device (hereinafter referred to as the
“organic EL device”), which serves as a display apparatus
replacing a liquid-crystal display, has been attracting atten-
tion. Applied research for forming the display into a device
including the development of a material has been vigorously
performed because of various advantages of spontaneously
emitting light, requiring no backlight, increasing in the area
of the display with ease, providing desired colors by using
various materials, driving at a low voltage, and being
excellent in high-speed responsiveness.

[0005] Further, the display has been recently becoming
widespread in the market in the form of a next-generation
display such as: the sub-display of a mobile phone; an
on-vehicle display; or the display of a digital camera.

[0006] An organic EL device is a carrier injection-type flat
light-emitting device utilizing light emission occurring upon
recombination of an electron and a hole that have reached a
light emission layer. FIG. 8 is a schematic diagram showing
the general constitution of an organic EL device. The organic
EL device shown in FIG. 8 is constituted by: forming a
transparent electrode 13 to serve as an anode on a transpar-
ent substrate 14; stacking an organic compound layer 12
including a light emission layer on the transparent electrode
13; and stacking a metal electrode 11 to serve as a cathode
on the organic compound layer 12. The organic compound
layer 12 may appropriately include an electron transport
layer, a hole transport layer, or the like other than the light
emission layer, depending on a purpose. In general, the
organic compound layer 12 is a thin film having a thickness
of about 100 nm. In FIG. 8, light generated in the light
emission layer of the organic compound layer 12 is taken
from the side of the substrate 14 through the transparent
electrode 13.

[0007] Inaddition, FIG.9is a schematic diagram showing
another general constitution of an organic EL device. The
organic EL device shown in FIG. 9 is constituted by:
forming a reflection electrode 23 on a substrate 24; forming
an organic compound layer 22 including a light emission
layer on the reflection electrode 23; and forming a transpar-
ent electrode 21 on the organic compound layer 22. Light
generated in the light emission layer is taken to a side
opposite to the substrate 24 through the transparent electrode
21.

[0008] As described above, an organic EL device is a
spontaneous light-emitting device, is composed of a thin
film having a thickness of about 100 nm, and has a reflection
electrode. As a result, a so-called interference phenomenon
in which light beams generated in the device strengthen or

1. Field of the Invention

2. Related Background Art
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weaken each other occurs. Therefore, it is known that
luminance and an emission spectrum vary depending on a
view angle.

[0009] Such dependency of the view angle becomes a
problem of reducing display quality, in view of application
to a display apparatus. Japanese Patent No. 2843924 dis-
closes a technique for solving such problem. According to
Japanese Patent No. 2843924, an interference condition is
set to a condition of weakening light beams mutually at the
view angle 0° so that the dependency of luminance on the
view angle is reduced.

[0010] However, the technique disclosed in Japanese
Patent No. 2843924 has a problem that the luminance itself
of the display apparatus is sacrificed although the technique
exerts a certain effect of improving the dependency of the
view angle.

SUMMARY OF THE INVENTION

[0011] The present invention has been made in view of the
above problems, and an object of the present invention is to
provide a display apparatus including a plurality of pixels
each composed of an organic electroluminescent device,
whereby the display apparatus can reduce the dependency of
a view angle without sacrificing luminance.

[0012] Inorderto achieve the above-mentioned object, the
present invention provides a display apparatus including a
plurality of pixels each composed of an organic electrolu-
minescent device, wherein at least one of the pixels is
divided into a plurality of areas different in dependency of
a view angle.

[0013] Further, the present invention provides a display
apparatus including a plurality of pixels each composed of
an organic electroluminescent device, wherein the plurality
of pixels different in dependency of a view angle are
provided for at least one kind of luminescent color.

[0014] According to the display apparatus of the present
invention which includes a plurality of pixels each com-
posed of an organic electroluminescent device, the depen-
dency of a view angle can be reduced without the sacrifice
of the luminance of the display apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a plan view schematically showing a
display apparatus of the present invention;

[0016] FIG. 2 is an explanatory diagram showing the
equivalent circuit of the display apparatus of FIG. 1,

[0017] FIG. 3 is a schematic view showing the sectional
structure of a TFT used in the present example;

[0018] FIG. 4 is an explanatory view showing the
arrangement of pixels of Example 1;

[0019] FIG. 5 is an explanatory diagram showing the
dependency of luminance on a view angle of Example 1;

[0020] FIG. 6 is an explanatory view showing the
arrangerent of pixels of Example 2,

[0021] FIG. 7 is an explanatory diagram showing the
dependency of luminance on a view angle of Example 2;
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[0022] FIG. 8 is a schematic diagram showing an example
of the general constitution of an organic EL device; and

[0023] FIG. 9 is a schematic diagram showing another
example of the general constitution of the organic EL device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Hereinafter, the best embodiment for carrying out
the present invention will be described in detail. However,
the present invention is not limited to this embodiment.

[0025] In order to display a letter or a picture by means of
an organic EL device, such devices must be arranged in a
matrix shape to provide a display apparatus. The systems for
arranging organic EL devices in a matrix shape are generally
classified into a so-called XY simple matrix-type system in
which duty driving is performed in a time-division manner
and an active driving system in which an active device such
as a thin film transistor (TFT) 1s arranged for each pixel. The
simple matrix system is disadvantageous in terms of dura-
bility because a large current must be caused to pass through
a device so as to obtain a sufficient luminance. At present,
the active driving system has been considered to be the
nearest thing to be put into practical use. Although the
present invention is not limited to the active driving system,
the specific constitution of the present invention will be
described here as a mode in which a pixel electrode, an
organic compound layer, and a counter electrode are formed
on a substrate equipped with an active driver circuit and light
is taken to a side opposite to the substrate.

[0026] The display apparatus of the present invention may
be a display apparatus including a plurality of pixels each
composed of an organic electroluminescent device, in which
at least one of the pixels is divided into a plurality of areas
different in dependency of a view angle. The display appa-
ratus has a plurality of pixel units arranged in a matrix shape,
and each pixel unit is constituted by a plurality of pixels
different in luminescent color such as a red light-emitting
pixel, a green light-emitting pixel, and a blue light-emitting
pixel. In addition, at least one pixel emitting one color light
is divided into the plurality of areas different in dependency
of the view angle.

[0027] The display apparatus of this embodiment is pref-
erably divided into an area (area «) and another area (area
B) . In the area a, luminance on a front face is high, and
luminance reduces with increasing a view angle. In the area
B3, luminance on a front face is slightly low, but luminance
increases with increasing a view angle. As a result, the
dependency of luminance on a view angle can be reduced
while luminance on a front face is secured. To be specific,
the luminance on the front face is preferably 80% or more
of that of a constitution having only an area in which
luminance on a front face is high (area ) . In addition, the
plurality of areas to be divided may be arranged so as to be
apart from each other by means of a member such as a
device isolation film, or may be arranged so as to be adjacent
to each other instead of being apart from each other.

[0028] In this embodiment, all pixels may be divided into
the plurality of areas different in dependency of the view
angle. Alternatively, not all pixels may be divided. In other
words, a constitution having both an undivided pixel and a
divided pixel is also permitted. In this case, the dependency
of the view angle can be adjusted by adjusting a ratio
between such pixels.

Sep. 28,2006

[0029] In the case where both undivided pixels and
divided pixels are present, the undivided pixels and the
divided pixels may be regularly arranged. Alternatively, the
divided pixels may be interspersed irregularly.

[0030] In this embodiment, the dependency of the view
angle can be adjusted also by adjusting a ratio between the
light-emitting area of the area o and the light-emitting area
of the area f.

[0031] The term “pixel” as used herein refers to the
minimum unit that can independently control light emission.
In addition, the term “pixel unit” refers to the minimum unit
that is constituted by a plurality of pixels different in
luminescent color and can emit light having a desired color
through the color mixing of the respective pixels.

[0032] The display apparatus of the present invention may
be a display apparatus including a plurality of pixels each
composed of an organic electroluminescent device, in which
the plurality of pixels different in dependency of a view
angle are provided for at least one kind of luminescent color.
The display apparatus has a plurality of pixel units arranged
in a matrix shape, and each pixel unit is constituted by a
plurality of pixels different in luminescent color such as a
red light-emitting pixel, a green light-emitting pixel, and a
blue light-emitting pixel. In addition, a plurality of pixels
different in dependency of the view angle are provided for
at least one kind of the luminescent colors.

[0033] In other words, in the display apparatus of this
embodiment, the driving of each of pixels different in
dependency of the view angle can be controlled indepen-
dently.

[0034] A pixel (pixel &) and another pixel (pixel y) are
preferably provided for at least one kind of luminescent
color out of the pixels constituting the display apparatus of
this embodiment. In the pixel d, luminance on a front face
is high, and luminance reduces with increasing the view
angle. In the pixel y, luminance on a front face is slightly
low, but luminance increases with increasing the view angle.
As a result, the dependency of luminance on the view angle
can be reduced while luminance on a front face is secured.
To be specific, the luminance on the front face is preferably
80% or more of that of a constitution having only a pixel in
which luminance on a front face is high (pixel 98). In
addition, the pixel § and the pixel y may be arranged so as
to be apart from each other by means of a member such as
a device isolation film, or may be arranged so as to be
adjacent to each other instead of being apart from each other.

[0035] In this embodiment, the dependency of the view
angle can be adjusted by adjusting a ratio between the
number of pixels d to be arranged and the number of pixels
v to be arranged. The dependency of the view angle can be
adjusted also by adjusting the driving current of each of the
pixel § and the pixel y.

[0036] The pixels & and the pixels y may be regularly
arranged. Alternatively, the pixels y may be interspersed
irregularly in the pixels 9, or vice versa.

[0037] In this embodiment, the dependency of the view
angle can be adjusted also by adjusting a ratio between the
light-emitting area of the pixel d and the light-emitting area
of the pixel y.
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[0038] The case where each area or each pixel has two or
more kinds of dependency of a view angle is roughly
classified into the following two modes.

[0039] At first, when an organic EL device is constituted
by a first electrode formed on a substrate, an organic
compound layer formed on the first electrode, and a second
electrode formed on the organic compound layer, the thick-
ness of at least one of the first electrode and the second
electrode is changed, whereby two or more kinds of device
modes different in dependency of luminance on a view angle
can be constituted. Hereinafter, description will be given of
a mode in which the thickness of an electrode on the side
from which light is taken is changed to provide two or more
kinds of dependency of a view angle.

[0040] A reflection pixel electrode is formed on a substrate
equipped with an active device, and the whole is subjected
to patterning. A photoresist method is preferably used for the
patterning. The pixel electrode can be selected in consider-
ation of a work function and a reflectance depending on
charge to be injected. Cr or the like is preferably used when
a hole is injected from the pixel electrode. A vacuum
deposition method, an ink-jet method, a printing method, or
the like can be used for forming an organic compound layer.
Of those, the vacuum deposition method is preferably used
in terms of controllability of a thickness. ITO or IZO serving
as a transparent conductive film is preferably formed into a
counter electrode by means of a sputtering method. An
electron injection layer may be used when an electron is
injected from ITO.

[0041] In one embodiment, pixels different in dependency
of a view angle can be prepared by adjusting the thickness
of ITO serving as an electrode on the side from which light
is taken on condition that the thickness of an organic
compound layer is set to a constant value in the constitution
of Cr (reflectionanode)/a hole transport layer/a light emis-
sion layer/an electron transport layer/an electron injection
layer/ITO (transparentcathode). For example, the pixel d in
which luminance at a view angle of 0°, that is, on a front face
is high and luminance reduces with increasing view angle,
and the pixel y in which luminance at a view angle of 0° is
slightly low but luminance increases with increasing view
angle can be prepared. Appropriately arranging the two
kinds of pixels in the surface of a display apparatus allows
an embodiment in which the dependency of luminance on a
view angle is reduced while luminance at a view angle of 0°
(on a front face) is secured. In addition, adjusting a mixing
ratio between both the pixels can adjust and optimize the
dependency of the display apparatus on a view angle.

[0042] Inthis embodiment, when the anodes of all devices
are formed so as to have the same thickness, the cathodes as
pixel electrodes have a plurality of thicknesses for at least
one color light-emitting pixel.

[0043] The pixel d and the pixel y described above can be
made different from each other in dependency of a view
angle by setting a thickness in the same manner even when
each of the pixels 1s a single pixel divided into the area . and
the area f different from each other in dependency of the
view angle.

[0044] The following description relates to the case where,
when an organic EL device is constituted by a first electrode
formed on a substrate, an organic compound layer formed on
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the first electrode, and a second electrode formed on the
organic compound layer, the thickness of at least one layer
in the organic compound layer is changed, whereby two or
more kinds of device modes different from each other in
dependency of luminance on a view angle are constituted.

[0045] 1In one embodiment, dependency of a view angle
can be changed by appropriately setting the thickness of an
organic EL layer to be constituted on condition that the
thickness of ITO serving as an electrode on the side of
emitting light is fixed in the constitution of Cr (reflectio-
nanode)/a hole transport layer/a light emission layer/an
electron transport layer/an electron injection layer/ITO
(transparentcathode). For example, an interference effect in
the device can be largely changed by changing the thickness
of the hole transport layer between the reflection electrode
(anode) and the light emission layer. In other words, the area
o in which luminance at a view angle of 0°, that is, on a front
face is high and luminance reduces with increasing the view
angle, and the area f} in which luminance at a view angle of
0° is slightly low but luminance increases with increasing
the view angle can be prepared. Appropriately arranging
pixels divided into the two areas in the surface of a display
apparatus allows an embodiment in which the dependency
of a view angle is reduced while luminance on a front face
is secured. In addition, adjusting a mixing ratio between a
pixel divided into the two areas and a pixel not divided into
the areas can adjust and optimize the dependency of the
display apparatus on a view angle.

[0046] When the organic EL device is an organic EL
device having an organic compound layer sandwiched
between a reflection electrode and a light transmission
electrode, an optical distance from an interface between the
organic compound layer and the reflection electrode to an
interface between the organic compound layer and the light
transmission electrode equal to three quarters to five quarters
of a luminescent color peak A is effective in reducing the
dependency of a view angle while securing luminance by
means of an interference effect between the electrodes. The
optical distance in this case is represented as the product of
the actual distance of a medium and the refractive index of
the medium.

[0047] The area o and the area [ described above can be
made different from each other in dependency of a view
angle by setting a thickness in the same manner even when
they are two pixels, the pixel § and the pixel §, which can
be driven independent of each other.

[0048] The above embodiment is one embodiment of the
present invention. In the display apparatus of the present
invention, in the case of arranging two or more kinds of
pixels different in dependency of luminance on a view angle
as pixels on a substrate, the positional relationship between
the pixels is appropriately adjusted in such a manner that
moire or unevenness occurring depending on a method of
arranging the pixels can be avoided.

[0049] In the above embodiment, description has been
given of the constitution in which ITO serving as a trans-
parent electrode is used as an electrode on the side from
which light is taken. Alternatively, the electrode on the side
from which light is taken may be a semi-transparent elec-
trode. The semi-transparent electrode is, for example, a
metal film made of Ag, Pt, Al, or the like, and has a thickness
of about 1 nm to 20 nm. A constitution using such semi-
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transparent electrode can provide increased luminance by
means of an interference effect although the constitution
strengthens the directivity of light toward a forward direc-
tion.

[0050] In the above embodiment, description has been
given of a so-called top emission-type device in which light
is taken from the side opposite to a substrate. The present
invention is applicable also to a bottom emission-type
device in which light is taken from the side of a substrate.
Furthermore, an electrode to be arranged on the side of a
substrate may be ancathode, and an electrode on the side
opposite to the substrate may be an anode.

[0051] The display apparatus of the present invention is
preferably applicable to a large-screen display requested to
have a wide view angle such as a display having a screen
size of exceeding 20 inches.

[0052] Hereinafter, the preferred examples of the present
invention will be described in detail with reference to the
drawings. However, the present invention is not limited to
these examples.

[0053] At first, description will be given of a driving
system in an active matrix-system display apparatus of the
present invention which is common to the following respec-
tive examples, and a substrate equipped with an active
device.

[0054] FIG. 1 is a plan view schematically showing the
display apparatus of the present invention. As shown in the
figure, a driver circuit composed of a scanning signal driver
31 and a current supply source 32, and display signal
inputting means as an information signal driver 33 (they are
referred to as “image information supplying means”) are
arranged around a panel, and each of them is connected to
X-direction scanning lines 34 called gate lines, Y-direction
wires 35 called information lines, and current supply lines
36. The scanning signal driver 31 sequentially selects the
gate lines 34, and an image signal is applied from the
information signal driver 33 in synchronization with the
selection. A pixel for display is arranged at the intersection
of each gate line 34 and each information line 35.

[0055] Next, the driving and operation of a pixel circuit
will be described with reference to an equivalent circuit
shown in FIG. 2. When a selection signal is applied to a gate
selection line 41, a TFT1: 42 is turned on. Thus, a display
signal is supplied from an information signal line to a
capacitor (Cadd) 43, so that the gate potential of a TFT2: 44
is determined. A current supply line 46 supplies a current to
an organic light-emitting device portion (hereinafter abbre-
viated as the “EL device portion™) 45 arranged on each pixel
in accordance with the gate potential of the TFT2: 44. Since
the gate potential of the TFT2: 44 is stored in the Cadd 43
for one frame period, a current from the current supply line
46 continues to flow in the EL device portion 45 during this
period. Thus, light emission can be maintained for one frame
period.

[0056] FIG. 3 is a schematic view showing the sectional
structure of a TFT used in the present example. A polysilicon
p-Si layer 50 is arranged on a glass substrate. Impurities
necessary for a channel region 51, a drain region 52, and a
source region 53 are selected, and these regions are doped
with the impurities. A gate electrode 55 is arranged thereon
through a gate insulating film 54. In addition, a drain
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electrode 56 and a source electrode 57 to be connected to the
drain region 52 and the source region 53 described above,
respectively, are formed. At this time, the drain electrode 56
and a pixel electrode 58 are connected to each other through
a contact hole 60 opened into insulating film 59 interposed
therebetween.

[0057] Single or a plurality of organic light emission
layers 61 are formed on the pixel electrode 58, and a
common electrode 62 is sequentially stacked, so that an
active-type organic light-emitting display device can be
obtained. In an example of the present invention, Cr is
subjected to patterning to use the pixel electrode 58 as an
anode, and ITO is used as the common electrode (cathode)
62 so that light is taken from the side of ITO.

EXAMPLE 1

[0058] A substrate equipped with an active device having
the same constitution as that described above and an anode
was prepared. The pixels of a Cr anode were formed in such
a manner that each pixel had a size of 60 pmx90 pm and a
distance between two adjacent pixels was 40 um. Thus, a
display apparatus of 100x100 dots was produced. A display
apparatus having the following pixels A and B different from
each other in dependency of a view angle on the electrode
was produced. At first, an organic EL layer was formed by
means of a vacuum deposition method at a degree of vacuum
of 8.0x10™> Pa. The chemical structure of each material
shows below, and the conditions of depositing each layer are
shown in Table 1 below.

TABLE 1
Pixel A Pixel B
Thickness Thickness

Each layer Material (nm) (nm)
Cathode ITO 70 100
Electron Bphen + Cs,COy 40 40
injection layer

Electron Bphen 10 10
transport layer

Light emission Alg3 + Coumarin6 30 30
layer

Hole transport FLO3 50 50
layer

Anode Cr 100 100

[0059] FLO3: Film formation was performed at a depo-

sition rate of 0.3 nm/sec.

[0060] Alg3+Coumarin 6: Co-deposition was per-
formed with its rate adjusted in such a manner that the
doping concentration of Coumarin 6 was 1 vol. % with
respect to the deposition rate of Alg3 of 0.3 nm/sec.

[0061] Bphen: Film formation was performed at a depo-
sition rate of 0.3 nm/sec.

[0062] Bphen+CS,CO;: Co-deposition was performed
with its rate adjusted in such a manner that the doping
concentration of Cs,CO; was 0.65 vol. % with respect
to the deposition rate of Bphen of 0.3 nm/sec. Cs,CO,
(cesium carbonate) was used here for promoting the
injection of an electron from ITO.
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-continued

Ir!
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BAlg

[0063] After the organic layer had been deposited from the
vapor, the substrate was transferred to a chamber for sput-
tering while the degree of vacuum was maintained. ITO as
a cathode having the above thickness was formed by means
of a sputtering method at a film forming rate of 0.35 nm/sec.
At that time, the thickness was adjusted for each pixel by
means of a shadow mask. The pixels A and B were arranged
at a ratio set to 50:50 as shown in FIG. 4 in such a manner
that neither unevenness nor moire would occur.

[0064] A driver circuit programmed to have one frame of
16.7 msec was connected to the produced display apparatus,
and green light emission was observed. FIG. 5 shows data
obtained by measuring the dependency of the luminance of
the display apparatus on a view angle.

[0065] The dependency of a display apparatus on a view
angle constituted by only the pixel A was shown in FIG. 5
for comparison. The luminance on the front face (at a view
angle of 0°) of the display apparatus of the present example
reduced by about 14% as compared to that of the display
apparatus constituted by only the pixel A. However, the
display apparatus of the present example reduced the depen-
dency of the luminance on the view angle while holding
sufficient brightness.

EXAMPLE 2

[0066] In Example 2, red (R), green (G), and blue (B)
light-emitting pixel units were produced on a substrate
equipped with an active device having the same constitution
as that described above and an anode, so a full-color
light-emitting display apparatus was produced. A mode in
which pixels were divided was adopted, and each of pixel
units was composed of R, G, and B light-emitting pixels
each constituted by two areas different from each other in
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dependency of a view angle. A pixel of a Cr anode was
constituted by two areas each having a size of 30 umx60 pm,
and an interval for dividing the areas was 20 pm. In addition,
a distance between two adjacent pixels was 40 pm, and a
delta-type was adopted for the arrangement of R, G and B
light-emitting pixel groups. Thus, a display apparatus of
72x90 dots was produced. A red light-emitting pixel having
areas R, and Ry, different from each other in dependency of
a view angle, a green light-emitting pixel having areas G,
and Gy different from each other in dependency of a view
angle, and a blue light-emitting pixel having areas B, and
B, different from each other in dependency of a view angle
described below were produced on the electrode. At first, an
organic EL layer was formed by means of a vacuum depo-
sition method at a degree of vacuum of 8.0x10~> Pa. The
chemical structure of each material is shown above, and the
conditions of depositing each layer are shown in Tables 2 to
4 below.

TABLE 2
Ra Rg
Thickness Thickness
Each layer Material (nm) {nm)
Cathode ITO 60 60
Electron Bphen + Cs,CO;4 40 40
injection layer
Electron Bphen 10 10
transport layer
Light emission ~ CBP + Ir(piq); 40 40
layer
Hole transport FLO3 70 100
layer
Anode Cr 100 100
[0067]
TABLE 3
Ga Gp
Thickness Thickness
Each layer Material (nm) {(nm)
Cathode ITO 60 60
Electron Bphen + Cs,CO5 40 40
injection layer
Electron Bphen 10 10
transport layer
Light emission Alg3 + Coumaring 30 30
layer
Hole transport FL03 60 80
layer
Anode Cr 100 100
[0068]
TABLE 4
B By
Thickness Thickness
Each layer Material (nm) {nm)
Cathode ITO 60 60
Electron Bphen + Cs,CO;4 40 40
injection layer
Electron Bphen 10 10
transport layer
Light emission BAlg 30 30
layer
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TABLE 4-continued

Bs Bp
Thickness Thickness
Fach layer Material (nm) (nm)
Hole transport FLO3 50 70
layer
Anode Cr 100 100
[0069] FLO3: Film formation was performed at a depo-

sition rate of 0.3 nm/sec. In addition, a thickness was
adjusted for each area by means of a shadow mask.

[0070] Alg3+Coumarin 6: Co-deposition was per-
formed with its rate adjusted in such a manner that the
doping concentration of Coumarin 6 was 1 vol. % with
respect to the deposition rate of Alg3 of 0.3 nm/sec.

[0071] CBP+Ir(piq);: Co-deposition was performed
with its rate adjusted in such a manner that the doping
concentration of Tr(piq), was 12 vol. % with respect to
the deposition rate of CBP of 0.1 nm/sec.

[0072] Balq: Film formation was performed at a depo-
sition rate of 0.3 nm/sec.

[0073] Bphen: Film formation was performed at a depo-
sition rate of 0.3 nm/sec.

[0074] Bphen+Cs,CO;: Co-deposition was performed
with its rate adjusted in such a manner that the doping
concentration of Cs,CO; was 0.65 vol. % with respect
to the deposition rate of Bphen of 0.3 nm/sec. Cs,CO;
(cesium carbonate) was used here for promoting the
injection of an electron from ITO.

[0075] After the organic layer had been deposited from the
vapor, the substrate was transferred to a chamber for sput-
tering while the degree of vacuum was maintained. ITO as
a cathode having the above thickness was formed by means
of a sputtering method at a film forming rate of 0.35 nm/sec.
At that time, the pixel arrangement was set as shown in FIG.
6 in such a manner that neither unevenness nor moire would
occur. A driver circuit programmed to have one frame of
16.7 msec was connected to the produced display apparatus,
and white light emission was observed on condition that the
current of each color-light-emitting pixel was adjusted. FIG.
7 shows data obtained by measuring the dependency of the
luminance of the display apparatus on a view angle. The
dependency of a display apparatus on a view angle consti-
tuted by only the R ,, G, and B, was shown in FIG. 7 for
comparison. The luminance on the front face (at a view
angle of 0°) of the display apparatus of the present example
reduced by about 18% as compared to that of the compara-
tive example. However, the display apparatus of the present
example reduced the dependence of the luminance on the
view angle while holding sufficient brightness.

[0076] This application claims priorities from Japanese
Patent Application Nos. 2005-083601 filed on Mar. 23, 2005
and 2006-068995 filed on Mar. 14, 2006, which are hereby
incorporated by reference herein.

What is claimed is:
1. A display apparatus comprising a plurality of pixels
each composed of an organic electroluminescent device,
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wherein at least one of the pixels is divided into a plurality
of areas different in dependency of a view angle.

2. A display apparatus according to claim 1, wherein the
pixels emit lights of different colors, and at least one pixel
emitting light of one color is divided into the plurality of
areas different in the dependency of the view angle.

3. A display apparatus according to claim 1, wherein the
pixels are composed of a pixel emitting a red light, a pixel
emitting a green light, and a pixel emitting a blue light, and
the pixels forms a plurality of pixel units each composed of
the pixel emitting a red light, the pixel emitting a green light,
and the pixel emitting a blue light.

4. A display apparatus according to claim 1, wherein the
organic electroluminescent device has a pair of electrodes
and at least one organic compound layer interposed between
the pair of electrodes, and at least one electrode of the pair
of electrodes in each of the plurality of areas different in the
dependency of the view angle has a different thickness.

5. A display apparatus according to claim 1, wherein the
organic electroluminescent device has a pair of electrodes
and at least one organic compound layer interposed between
the pair of electrodes, and the at least one organic compound
layer in each of the plurality of areas different in the
dependency of the view angle has a different thickness.
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6. A display apparatus comprising a plurality of pixels
each composed of an organic electroluminescent device,
wherein the a plurality of different pixels in dependency of
a view angle for at least one kind of luminescent color.

7. A display apparatus according to claim 6, wherein the
pixels are composed of a pixel emitting a red light, a pixel
emitting a green light, and a pixel emitting a blue light, and
the pixels forms a plurality of pixel units each composed of
the pixel emitting a red light, the pixel emitting a green light,
and the pixel emitting a blue light.

8. A display apparatus according to claim 6, wherein the
organic electroluminescent device has a pair of electrodes
and at least one organic compound layer interposed between
the pair of electrodes, and at least one electrode of the pair
of electrodes in each of the pixels different in the depen-
dency of the view angle has a different thickness.

9. A display apparatus according to claim 1, wherein the
organic electroluminescent device has a pair of electrodes
and at least one organic compound layer interposed between
the pair of electrodes, and the at least one organic compound
layer in each of the pixels different in the dependency of the
view angle ha a different thickness.
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