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(7) ABSTRACT

An organic EL display includes an organic EL element
including a pair of electrodes and an emitting layer inter-
posed therebetween and having an optical resonator struc-
ture, and a coloring layer facing the organic EL element. A
wavelength A, of a light component with the maximum
intensity that the organic EL element emits in a normal
direction is shorter than a wavelength at which the coloring
layer exhibits the maximum transmittance.
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ORGANIC EL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
No. 2005-206958, filed Jul. 15, 2005; and No. 2005-211354,
filed Jul. 21, 2005, the entire contents of both of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent (hereinafter referred to as EL) display.

[0004] 2. Description of the Related Art

[0005] An organic EL display in which organic EL ele-
ments emitting white light and a color filter are used in
combination is one of displays that can display a color
image. Kashiwabara et al. describe in “Advanced AM-
OLED Display Based on White Emitter with Microcavity
Structure”, SID 04 DIGEST, pp. 1017-1019 that organic EL
elements with microcavity structures, i.e., organic EL ele-
ments each having a function of an optical resonator are used
in such an organic EL display.

[0006] When a microcavity structure is employed in an
organic EL element that emits white light, a light component
having a certain wavelength increases its intensity due to
multiple-beam interference. That is, when a microcavity
structure is employed in an organic EL element emitting
white light, the light that the organic EL element emits
outwardly changes from white light to colored light.

[0007] The wavelength at which intensity of light is
increased is changed according to an optical length of the
microcavity structure. Therefore, by individually setting the
optical lengths of the microcavity structures in consideration
of each coloring layer of the color filter, the wavelength of
the light component with the maximum intensity that each
microcavity structure emits can be matched with the wave-
length at which the corresponding coloring layer of the color
filter exhibits the maximum transmittance. Thus, according
to the techniques, high degrees of efficiency and chroma can
be achieved.

[0008] However, the present inventor has found the fol-
lowing facts in achieving the present invention. That is, an
image displayed on the organic EL display is significantly
dark when the image is viewed in an oblique direction as
compared to the case when the image is viewed in the
normal direction. In addition, the hue of the image displayed
on the organic EL display changes when the viewing direc-
tion is changed from the normal direction to the oblique
direction. That is, the organic EL display has high depen-
dence of hue and luminance on the viewing direction despite
the use of the color filter.

BRIEF SUMMARY OF THE INVENTION

[0009] According to a first aspect of the present invention,
there is provided an organic EL display comprising an
organic EL element including a pair of electrodes and an
emitting layer interposed therebetween, the organic EL
element having an optical resonator structure, and a coloring
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layer facing the organic EL element, a wavelength A .  of a
light component with the maximum intensity that the
organic EL element emits in a normal direction being shorter
than a wavelength & at which the coloring layer exhibits
the maximum transmittance T .

[0010] According to a second aspect of the present inven-
tion, there is provided an organic EL display comprising first
to third pixels each comprising an organic EL element and
a coloring layer, the organic EL element including a front
electrode, a back electrode, and an emitting layer interposed
therebetween and having an optical resonator structure, and
the coloring layer facing the front electrode, the first pixel
being shorter in a wavelength A, of a light component with
the maximum intensity that the organic EL element emits in
a normal direction than the second pixel, the third pixel
being longer in the wavelength A, than the second pixel, the
first pixel being shorter in a wavelength A at which the
coloring layer exhibits the maximum transmittance T,
than the second pixel, the third pixel being longer in the
wavelength A than the second pixel, and the wavelength

A, being shorter than the wavelength A . in each of the
first to third pixels.

[0011] According to a third aspect of the present inven-
tion, there is provided an organic EL display comprising
organic EL elements each having an optical resonator struc-
ture, a color filter facing the organic EL elements, and a
light-scattering layer facing the organic EL elements with
the color filter interposed therebetween.

[0012] According to a fourth aspect of the present inven-
tion, there is provided an organic EL display comprising
organic EL, elements each including a first and second
electrodes and an emitting layer interposed therebetween
and each having an optical resonator structure, a light-
scattering layer facing the first electrode, and a color filter
including coloring layers and interposed between the first
electrode and the light-scattering layer, each of the coloring
layer being smaller in refractive index than the first elec-
trode.

[0013] According to a fifth aspect of the present invention,
there is provided an organic EL display comprising first to
third pixels each comprising an organic EL element having
an optical resonator structure and a coloring layer facing the
organic EL element, the organic EL, element including an
emitting layer emitting white light, and a light-scattering
layer facing the organic EL element with the coloring layer
interposed therebetween, the first pixel being shorter in a
wavelength A___ of a light component with the maximum
intensity that the organic EL element emits in a normal
direction than the second pixel, the third pixel being longer
in the wavelength . __ than the second pixel, the first pixel
being shorter in a wavelength A, at which the coloring
layer exhibits the maximum transmittance T, than the
second pixel, and the third pixel being longer in the wave-
length A, than the second pixel.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0014] FIG. 1 is a plan view schematically showing a
display according to a first embodiment of the present
invention;

[0015] FIG. 2 is a sectional view schematically showing
an example of the structure that can be employed in the
display shown in FIG. 1;
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[0016] FIG. 3 is a sectional view schematically showing
an example of the structure than can be employed in an
organic EL element;

[0017] FIG. 4 is a graph showing an example of the
emission spectrum of the emitting layer included in the
organic pl. element shown in FIG. 3;

[0018] FIG.5 is a graph showing examples of the emission
spectrum of the organic EL element shown in FIG. 3 when
the structure shown in Table 1 is employed,

[0019] FIG. 6 is a graph showing an example of light
transmission properties that a green coloring layer included
m a color filter exhibits;

[0020] FIG. 7 is a graph showing examples of spectrum of
transmitted light when light emitted by the organic EL
element employing the structure shown in Table 1 is made
to pass through the coloring layer that exhibits the trans-
mission properties shown in FIG. 6;

[0021] FIG. 8 is a graph showing examples of emission
spectrum of the organic EL element shown in FIG. 3 when
the structure shown in Table 2 is employed,;

[0022] FIG. 9 is a graph showing examples of spectrum of
transmitted light when light emitted by the organic EL
element employing the structure shown in Table 2 is made
to pass through the coloring layer that exhibits the trans-
mission properties shown in FIG. 6;

[0023] FIG. 10 is a plan view schematically showing a
display according to a second embodiment of the present
invention;

[0024] FIG. 11 is a sectional view schematically showing
an example of the structure that can be employed in the
display shown in FIG. 10; and

[0025] FIG. 12 is a sectional view schematically showing
an example of the structure that can be employed in an
organic EL element.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Embodiments of the present invention will be
described below in detail with reference to the drawings. In
the drawings, components having the same or similar func-
tion are denoted by the same reference symbol and duplicate
descriptions will be omitted.

[0027] FIG. 1 is a plan view schematically showing a
display according to a first embodiment of the present
invention. FIG. 2 is a sectional view schematically showing
an example of the structure that can be employed in the
display shown in FIG. 1. In FIG. 2, the display is drawn such
that its display surface, i.e., the front surface or light-
emitting surface, faces upwardly and its back surface faces
downwardly.

[0028] The display is a top emission organic EL display
that employs an active matrix driving method. As described
later, the organic EL display includes pixels PX1 to PX3
different in display color from one another. The pixels PX1
to PX3 include organic EL elements OLED, and further
include coloring layers CL1 to CL3 of a color filter CF,
respectively.
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[0029] The organic EL display includes an array substrate
AS, a sealing substrate CS, a video signal line driver XDR,
and a scan signal line driver YDR.

[0030] The array substrate AS includes an insulating sub-
strate SUBI such as glass substrate.

[0031] On the substrate SUB 1, an undercoat layer UC is
formed as shown in FIG. 2. For example, the undercoat layer
UC is formed by sequentially stacking an SiN, layer and an
Si, layer on the substrate SUBI1.

[0032] On the undercoat layer UC, semiconductor layers
SC are arranged. A source and drain are formed in each
semiconductor layer SC. The semiconductors SC are, for
example, polysilicon layers.

[0033] The undercoat layer UC and the semiconductor
layers SC are covered with an insulating film GI. The
insulating film GI is utilized as gate insulators. The insulat-
ing film GI is formed, for example, by using tetracthyl
orthosilicate (TEOS).

[0034] On the insulating film GI, gates GE are arranged
correspondently with the semiconductor layers SC. For
example, the gates GE are made of MoW.

[0035] The semiconductor layers SC, the insulating film
GI and the gates GE form top-gate type p-channel thin-film
transistors, which are field-effect transistors. In the present
embodiment, the thin-film transistors are p-channel thin-film
transistors and utilized as drive control elements DR and
switches SWa to SWc shown in FIG. 1.

[0036] On the insulating film GI, scan signal lines SL.1 and
SL.2 shown in FIG. 1 and lower electrodes (not shown) are
further arranged. The scan signal lines SL1 and SL2 and the
lower electrodes can be formed in the same step as that for
the gates GE.

[0037] As shown in FIG. 1, the scan signal lines SL.1 and
SL2 extend in a direction (X direction) along rows of the
pixels PX1 to PX3 and alternately arranged in a direction (Y
direction) along columns of the pixels PX1 to PX3. The scan
signal lines SL.1 and SL2 are connected to the scan signal
line driver YDR.

[0038] The lower electrodes are connected to the gates of
the drive control elements DR, respectively. Each lower
electrode is utilized as an electrode of a capacitor C
described later.

[0039] The insulating film GI, the gates GE, the scan
signal lines SL1 and SL2, and the lower electrodes are
covered with an interlayer insulating film II shown in FIG.
2. The interlayer insulating film II is, for example, an SiOy
layer formed by plasma chemical vapor deposition. The
parts of the interlayer insulating film II on the lower elec-
trodes are utilized as dielectric layers of the capacitors C.

[0040] On the interlayer insulating film II, source elec-
trodes SE and drain electrodes DE shown in FIG. 2, video
signal lines DL and power supply lines PSL shown in FIG.
1, and upper electrodes (not shown) are arranged. These
components can be formed in the same step and each has a
three-layered structure of Mo/Al/Mo, for example.

[0041] The source electrodes SE are electrically connected
to the sources of the thin-film transistors via contact holes
formed in the interlayer insulating film 1I.
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[0042] The drain electrodes DE are electrically connected
1o the drains of the thin-film transistors via contact holes
formed in the interlayer insulating film II.

[0043] As shown in FIG. 1, the video signal lines DL
extend in the Y direction and arranged in the X direction. An
end of each video signal line DL is connected to the video
signal line driver XDR.

[0044] In the present embodiment, the power supply lines
PSL, extend in the X direction and arranged in the Y
direction. Instead, the power supply lines PSL may extend in
the Y direction and be arranged in the X direction. In the
present embodiment, the power supply lines PSL are con-
nected to the video signal line driver XDR. Instead, the
power supply lines PSL. may be connected to the scan signal
line driver YDR.

[0045] The upper electrodes are connected to the power
supply lines. Each upper electrode is utilized as another
electrode of the capacitor C.

[0046] The source electrodes SE, the drain electrodes DE,
the video signal lines DL, the power supply lines PSL, and
the upper electrodes are covered with a passivation film PS
shown in FIG. 2. The passivation film PS is made of SiN,,
for example.

[0047] On the passivation film PS, an flattening layer FL
1s formed. The flattening layer FL is made of hard resin, for
example.

[0048] On the flattening layer FL, reflective layers RF are
arranged correspondently with the switches SWa. As a
material of the reflective layers RF, a metallic material such
as AL is used, for example.

[0049] On the reflective layers RF, light-transmitting pixel
electrodes PE as back electrodes are formed. The pixel
electrodes PE are connected to the drain electrodes DE of the
switches SWa via through-holes formed in the flattening
layer FL. and the passivation film PS.

[0050] In the present embodiment, the pixel electrodes PE
are anodes. As a material of the pixel electrodes PE, a
transparent conductive oxide such as indium tin oxide
(hereinafter referred to ITO) is formed, for example.

[0051] On the flattening layer FL, a partition insulating
layer PI shown in FIG. 2 is further formed. The partition
insulating layer PI is provided with through-holes at posi-
tions corresponding to the pixel electrodes PE. Alternatively,
the partition insulating layer PI is provided with slits at
positions corresponding to columns or rows of the pixel
electrodes PE. As an example, it is supposed that through-
holes are formed in the partition insulating layer PI at
positions corresponding to the pixel electrodes PE.

[0052] The partition insulating layer PI is, for example, an
organic insulating layer. The partition insulating layer PI can
be formed by using photolithography technique, for
example.

[0053] On the pixel electrodes PE, organic layers ORG
including emitting layers are formed as active layers. The
emitting layers are thin films designed to emit white light.
For example, the emitting layers contain a mixture of a
luminescent organic compound emitting red light, a lumi-
nescent organic compound emitting green light, and a lumi-
nescent organic compound emitting blue light. Each organic
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layer ORG can further include a hole injection layer, a hole
transporting layer, a hole blocking layer, an electron trans-
porting layer, and an electron injection layer in addition to
the emitting layer.

[0054] The partition insulating layer PI and the organic
layers ORG are covered with a counter electrode CE as a
front electrode. The counter electrode CE is a common
electrode shared among the pixels PX1 to PX3, and is a
serni-transparent cathode in the present embodiment. Note
that “a semi-transparent electrode” means an electrode hav-
ing light-transmitting and light-reflecting properties. For
example, an electrode wire (not shown) is formed on the
layer on which the video signal lines DL are formed, and the
counter electrode CE 1is electrically connected to the elec-
trode wire via a contact hole formed in the passivation layer
PS, flattening layer FL, and partition insulating layer PI. Each
organic EL element OLED is composed of the pixel elec-
trode PE, organic layer ORG, and counter electrode CE.

[0055] The organic EL elements OLED have optical reso-
nator structures, i.e. microcavity structures. In the present
embodiment, a configuration in which light emitted by the
organic layer ORG causes multi-beam interference between
the reflective layer RF and the counter electrode CE is
employed.

[0056] The organic EL elements OLED included in the
pixels PX1 are shorter in optical length between the reflec-
tive layer RF and the counter electrode CE than the organic
EL element OLED included in the pixels PX2. The organic
EL elements OLED included in the pixels PX3 are longer in
optical length between the reflective layer RF and the
counter electrode CE than the organic EL element OLED
included in the pixels PX2. As an example, the differences
in the optical length are produced only by making the
thickness of the pixel electrodes PE differ among the pixels
PX1 to PX3. Such a structure can be obtained, for example
by forming the pixel electrodes PE of the pixels PX1 through
one film formation, forming the pixel electrodes PE of the
pixels PX2 through two film formations, and forming the
pixel electrodes PE of the pixels PX3 through three film
formations.

[0057] The difference in the optical length may be pro-
duced only by placing transparent insulating layers made of
an inorganic insulator such as SiN, and Si0, or an organic
insulator such as photosensitive resin between the pixel
electrodes PE and the reflective layers RF, and making the
transparent insulating layers differ in thickness among the
pixels PX1 to PX3. Alternatively, the difference in the
optical length may be produced only by making the organic
layers ORG differ in thickness among the pixel PX1 to PX3.
Alternatively, their combination may be employed.

of the

[0058] The pixels PX1 are short in wavelength A

light component with the maximum intensity that the
organic EL element OLED emits in the normal direction as
compared with the pixels PX2. The pixels PX3 are long in
wavelength A, of the light component with the maximum
intensity that the organic EL element OLED emits in the
normal direction as compared with the pixels PX2. As an
example, the wavelength A, of the organic EL elements
OLED included in the pixels PX1 falls within the wave-
length range of blue light, the wavelength .. of the organic
EL elements OLED included in the pixels PX2 falls within
the wavelength range of green light, and the wavelength A,
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of the organic EL elements OLED included in the pixels
PX3 falls within the wavelength range of red light.

[0059] Each pixel circuit of the pixels PX1 to PX3
includes the drive control element (drive transistor) DR, the
output control switch SWa, the video signal supply control
switch SWbh, the diode-connecting switch SWc, and the
capacitor C. As described above, in the present embodiment,
the drive control element DR and the switches SWa to SWc
are p-channel thin-film transistors. Also, in the present
embodiment, the video signal supply control switch SWb
and the diode-connecting switch SWc¢ form a switch group
that switches between a first state in which the drain of the
drive control element DR, the video signal line DL, and the
gate of the drive control element DR are connected to one
another and a second state in which they are disconnected
from one another.

[0060] The drive control element DR, the output control
switch SWa, and the organic EL. element OLED are con-
nected in series between a first power supply terminal ND1
and a second power supply terminal ND2 in this order. In
this embodiment, the power supply terminal NDI1 is a
high-potential power supply terminal, and the power supply
terminal ND2 is a low-potential power supply terminal.

[0061] The gate of the output control switch SWa is
connected to the scan signal line SL1. The video signal
supply control switch SWb is connected between the video
signal line DL and the drain of the drive control element DR,
and its gate is connected to the scan signal line SL2. The
diode-connecting switch SWc is connected between the gate
and drain of the drive control element DR, and its gate is
connected to the scan signal line SL2.

[0062] The capacitor C is connected between the gate of
the drive control element DR and a constant-potential ter-
minal ND1'. For example, the constant-potential terminal
ND1' is connected to the power supply terminal ND1.

[0063] The sealing substrate includes an insulating sub-
strate SUB2 such as glass substrate. The substrate SUB2
faces the conter electrode CE.

[0064] On a surface of the substrate SUB2 that faces the
array substrate AS, the color filter CF including the coloring
layers CL1 to CL3 is placed. Each of the coloring layer CL.1
to CL3 faces the organic EL elements OLED.

[0065] Each pixel PX1 includes the organic EL element
OLED and the coloring layer CL1 facing it. Each pixel PX2
includes the organic EL element OLED and the coloring
layer CL2 facing it. Each pixel PX3 includes the organic EL
element OLED and the coloring layer CL3 facing it.

[0066] The coloring layers CL1 are short in wavelength
max at which the maximum transmittance T _is obtained
as compared to the coloring layers CL2. The coloring layers
CL3 are long in wavelength A, at which the maximum
transmittance T, . is obtained as compared to the coloring
layers CL2. As an example, the wavelength A_,,, at which
the coloring layers CL1 exhibit the maximum transmittance
T,. falls within the wavelength range of blue light, the
wavelength A at which the coloring layers CL2 exhibit
the maximum transmittance T, falls within the wave-
length range of green light, and the wavelength A, at

which the coloring layers CL3 exhibit the maximum trans-
mittance T, falls within the wavelength range of red light.
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[0067] A frame-shaped sealing layer (not shown) is inter-
posed between the array substrate AS and the sealing
substrate CS. The sealing layer forms an enclosed space
between the array substrate AS and the sealing substrate CS,
and the enclosed space is filled with an inert gas. Note that
the enclosed space may be filled with a resin such as epoxy
resin instead of the inert gas. In this case, a barrier layer
made of SiN, and the like may be formed on the counter
electrode CE.

[0068] In the present embodiment, the video signal line
driver XDR and the scan signal line driver YDR are placed
on the array substrate AS. That is, the video signal line driver
XDR and the scan signal line driver YDR are connected to
the array substrate AS in the chip-on-glass (COG) manner.
Instead, the video signal line driver XDR and the scan signal
line driver YDR may be connected to the array substrate AS
by using the tape carrier package (TCP).

[0069] When an image is to be displayed on the organic
EL display, the pixels PX1 to PX3 are sequentially selected
on a line-by-line basis. A write operation for writing a video
signal is executed on each of the selected pixels PX1 to PX3.
A display operation for making a drive current flow through
the organic EL element OLED is executed on each of the
non-selected pixels PX1 to PX3.

[0070] During a write period for writing the video signals
into the pixels PX1 to PX3 in a certain row, the scan signal
line driver YDR outputs a scan signal (off signal) for
opening the switches SWa as a voltage signal to the scan
signal SL1 to which the pixels PX1 to PX3 are connected.
Subsequently, the scan signal line driver YDR outputs a scan
signal (on signal) for closing the switches SWb and SWc as
a voltage signal to the scan signal line SL.2 to which the
pixels PX1 to PX3 are connected. In this state, the video
signal line driver XDR outputs video signals as current
signals to the video signal lines to which the pixels PX1 to
PX3 are connected, so as to set the gate-to-source voltages
of the drive control elements DR at values corresponding to
the video signals. Then, the scan signal line driver YDR
outputs a scan signal (off signal) as a voltage signal for
opening the switches SWb and SWc to the scan signal line
SL.2 to which the pixels PX1 to PX3 are connected. There-
after, the scan signal line driver YDR outputs a scan signal
(on signal) as a voltage signal for closing the switches SWa
to the scan signal line SL1 to which the pixels PX1 to PX3
are connected.

[0071] During the effective display period over which the
switches SWa are closed, drive currents flow through the
organic EL elements OLED at magnitudes corresponding to
the gate-to-source voltages of the drive control elements
DR. Each organic EL, element OLED emits light at lumi-
nance corresponding to the magnitude of the drive current.

[0072] In the pixels PX1 of the organic EL display, the
wavelength A, of the light component with the maximum
intensity that the organic EL element OLED emits in the
normal direction is shorter than the wavelength A, at
which the coloring layers CL1 exhibit the maximum trans-
mittance T_,,. In the pixels PX2, the wavelength A . of the
light component with the maximum intensity that the
organic EL element OLED emiits in the normal direction is
shorter than the wavelength A .. at which the coloring

layers CL2 exhibit the maximum transmittance T ... In the
pixels PX3, the wavelength A, of the light component with
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the maximum intensity that the organic EL element OLED
emits in the normal direction is shorter than the wavelength
A at Which the coloring layers CL3 exhibit the maximum
transmittance T .

[0073] Typically, in the pixels PX1, the wavelength A, is
shorter than the wavelength A and is equal to or shorter
than the wavelength A, at which the coloring layers CL1
exhibit the transmittance T, that is 90% of the transmittance
T,..x Typically, in the pixels PX2, the wavelength A is
shorter than the wavelength A___ and is equal to or shorter
than the wavelength Ao, at which the coloring layers CL2
exhibit the transmittance Ty, that is 90% of the transmittance
T,..x Typically, in the pixels PX3, the wavelength A, is
shorter than the wavelength A .. and is equal to or shorter
than the wavelength A, at which the coloring layers CL3
exhibit the transmittance Ty, that is 90% of the transmittance
T, Note that the wavelengths A and A, fall
within the visible light range.

'max> ’“res

[0074] According to the configuration, the dependence of
hue on the viewing direction can be decreased. This will be
described below.

[0075] FIG. 3 is a sectional view schematically showing
an example of the structure than can be employed in an
organic EL element. FIG. 4 is a graph showing an example
of the emission spectrum of the emitting layer included in
the organic EL element shown in FIG. 3. In FIG. 4, the
abscissa represents a wavelength, while the ordinate repre-
sents intensity of light.

[0076] In the organic EL element OLED shown in FIG. 3,
the organic layer ORG includes the hole transporting layver
HTL, the emitting layer EML, the hole blocking layer HBL,
and the electron transporting layer ETL. As an example, it is
supposed that the hole transporting layer HTL, the emitting
layer EML, the hole blocking layer HBL, and the electron
transporting layer ETL have refractive indices and thick-
nesses shown in the following Table 1. It is also supposed
that the emission spectrum of the emitting layer EML has the
profile shown in FIG. 4.

TABLE 1
Refractive Thickness
index (nm)
Electron transporting layer 1.7 40
Hole blocking layer 1.7 10
Emitting layer 1.8 30
Hole transporting layer 1.9 50
Pixel electrode 1.9 130
Optical length (nm) 481

[0077] In the above Table 1, the value in the cell indicated
with “Optical length” is the optical length [ between the
reflective layer RF and the counter electrode CE determined
by using the following equation. In the equation, “A_..”
represents the resonant wavelength of the optical resonator
that the organic EL element OLED forms, “®” represents
the sum of phase shifts caused by the reflections on the
counter electrode CE and the reflective layer RF, and “m”
represents an integer.
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[0078] FIG. 5 is a graph showing examples of the emission
spectrum of the organic EL element shown in FIG. 3 when
the structure shown in Table 1 is employed. In the figure, the
abscissa represents the wavelength, while the ordinate rep-
resents the intensity of light. In FIG. 5, the solid line is the
spectrum of light that the organic EL element OLED emits
in the normal direction, while the broken line is the spectrum
of light that the organic EL, element OLED emits in the
direction that forms an angle of 60° with the normal direc-
tion. Also, in FIG. 5, the spectrums indicated by the solid
line and the broken line are drawn to have the same
maximum peak height. Note that the resonant wavelength of
light traveling in the normal direction is equal to the wave-
length ...

[0079] When the configuration shown in Table 1 is
employed in the organic EL element OLED shown in FIG.
3, the organic EL element OLED forms an optical resonator
with the resonant wavelength of 530 nm, for example. In this
case, as is clear from the curve in FIG. 4 and the curve
shown by the solid line in FIG. 5, the emission spectrum of
the organic EL element OLED greatly differs from the
emission spectrum of the emitting layer EML included in the
organic EL element OLED.

[0080] An optical resonator has the dependence of a
resonant wavelength on a traveling direction. That is, the
resonant wavelength of light that travels in the normal
direction within the optical resonator differs from the reso-
nant wavelength of light that travels in an oblique direction
within the optical resonator.

[0081] The emission spectrum of the emitting layer EML
is broad as shown in FIG. 4. Thus, when the organic EL
element OLED is observed in an oblique direction, intensity
of light components with short wavelengths increases as
compared to the case where the organic EL element OLED
1s observed in the normal direction. In the example shown in
FIG. 5, the spectrum of light traveling in the direction that
forms an angle of 60° with the normal direction exhibits the
maximum intensity at about 480 nm, while the spectrum of
light traveling in the normal direction exhibits the maximum
intensity at about 530 nm.

[0082] FIG. 6 is a graph showing an example of light
transmission properties that a green coloring layer included
in a color filter exhibits. FIG. 7 is a graph showing examples
of spectrum of transmitted light when light emitted by the
organic EL element employing the structure shown in Table
1 is made to pass through the coloring layer that exhibits the
transmission properties shown in FIG. 6. In FIG. 6, the
abscissa represents a wavelength, while the ordinate repre-
sents transmittance. In FIG. 7, the abscissa represents a
wavelength, while the ordinate represents intensity of light.
In FIG. 7, the solid line is the spectrum of light that has
passed through the green coloring layer and travels in the
normal direction, while the broken line is the spectrum of
light that has passed through the green coloring layer and
travels in the direction that forms an angle of 60° with the
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normal direction. Also, in FIG. 7, the spectrums indicated by
the solid line and the broken line are drawn to have the same
maximum peak height.

[0083] The green coloring layer whose light transmission
properties are shown in FIG. 6 transmits light with a
wavelength of about 460 nm to about 660 nm, and exhibits
the maximum transmittance T_,, when the light has a
wavelength of about 530 nm (=A_,, ). When the light has a
wavelength of 480 nm, the transmittance of the green

coloring layer is about 50% of the transmittance T, ,.

[0084] That is, when the structure shown in Table 1 is
employed in the organic EL element OLED shown in FIG.
3, the resonant wavelength of the light that travels within the
optical resonator in the normal direction agrees with the
wavelength A .. at which the coloring layer exhibits the
maximum transmittance T, . In contrast, at the resonant
wavelength of light that travels within the optical resonator
in the direction forming an angle of 60° with the normal
direction, the transmittance of the coloring layer is about
50% of the maximum fransmittance T, ..

[0085] Thus, when the structure shown in Table 1 is
employed in the organic EL element OLED, the spectrum of
light that has passed through the coloring layer exhibiting
the transmittance spectrum shown in FIG. 6 greatly changes
according to the traveling direction of light as shown in FIG.
7. That is, in this case, the dependence of hue on the viewing
direction is high.

[0086] The dependence of hue on the viewing direction
can be decreased, for example, by setting the minimum
wavelength of light that the green coloring layer passes
longer. However, it would be impractical to significantly
change the absorption characteristics of the color filter.

[0087] In the present embodiment, the resonant wave-
length of light that travels within the optical resonator in the
normal direction is shifted toward shorter wavelengths. In
other words, the wavelength A___ of light with the maximum
intensity that the organic EL element OLED emits in the
normal direction is shifted toward shorter wavelengths. This
makes it possible to achieve the same effect as that can be
achieved when the minimum wavelength of light that the
green coloring layer passes is set longer. That is, the depen-
dence of hue on the viewing direction can be decreased.

[0088] For example, the structure shown in Table 2 below
is employed in the organic EL element OLED. That is, the
thickness of the pixel is changed from 130 nm to 110 nm.

TABLE 2
Refractive Thickness
index (nm)
Electron transporting layer 1.7 40
Hole blocking layer 1.7 10
Emitting layer 1.8 30
Hole transporting layer 1.9 50
Pixel electrode 1.9 110
Optical length (nm) 443

[0089] FIG. 8 is a graph showing examples of emission
spectrum of the organic EL element shown in FIG. 3 when
the structure shown in Table 2 is employed. FIG. 9 is a graph
showing examples of spectrum of transmitted light when
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light emitted by the organic EL element employing the
structure shown in Table 2 is made to pass through the
coloring layer that exhibits the transmission properties
shown in FIG. 6. In each figure, the abscissa represents a
wavelength, while the ordinate represents intensity of light.
In FIGS. 8 and 9, the solid line is the spectrum of light
traveling in the normal direction, and the broken line is the
spectrum of light traveling in the direction that forms an
angle of 60° with the normal direction. Also, in FIGS. 8 and
9, the spectrums indicated by the solid line and the broken
line are drawn to have the same maximum peak height.

[0090] When the structure shown in Table 2 is employed
in the organic EL element OLED, the wavelength A of
light with the maximum intensity that the organic EL
element OLED emits in the normal direction is 480 nm as
shown in FIG. 8, and this wavelength is equal to the resonant
wavelength of light traveling within the optical resonator in
the normal direction. The resonant wavelength is shorter
than the wavelength A, at which the coloring layer exhib-
its the maximum transmittance T, . Therefore, in this case,
the dependence of hue on the viewing direction can be
decreased as shown in FIG. 9.

[0091] As described above, typically, the wavelength A,
of light with the maximum intensity that the organic EL
element emits in the normal direction is shorter than the
wavelength A .. at which the coloring layer exhibits the
maximum transmittance T, ., and is equal to or shorter than
the wavelength Ay, at which the coloring layer exhibits the
transmittance T, which is 90% of the maximum transmit-
tance T,,,.. Under normal circumstances, the above-men-
tioned eflect can be obtained when the wavelength A . is

equal to or shorter than the wavelength .

[0092] The wavelength A may be equal to or shorter than
the wavelength at which the transmittance of the coloring
layer is 75% of the maximum fransmittance T .. In this
case, the dependence of hue on the viewing direction can be
decreased to almost zero.

[0093] Typically, the wavelength .. of light with the
maximum intensity that the organic EL element OLED emits
in the normal direction is equal to or longer than the
minimum wavelength of light that the coloring layer passes.
For example, the wavelength A may be equal to or longer
than the wavelength at which the transmittance of the
coloring layer exhibits is 30% of the maximum transmit-
tance T_,.. In this case, it is advantageous in terms of
efficiency.

[0094] Although the top emission organic EL display is
described in this embodiment, the above-mentioned tech-
niques can be applied to a bottom emission organic EL
display. In this embodiment, the configuration in which a
current signal as a video signal is written on a pixel circuit
is employed. Instead, the configuration in which a voltage
signal as a video signal is written on a pixel circuit may be
employed.

[0095] The second embodiment of the present invention
will be described below.

[0096] FIG. 10 is a plan view schematically showing a
display according to a second embodiment of the present
invention. FIG. 11 is a sectional view schematically showing
an example of the structure that can be employed in the
display shown in FIG. 10. FIG. 12 is a sectional view
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schematically showing an example of the structure that can
be employed in an organic EL element. In FIG. 10, the
display is drawn such that its display surface, i.e., the front
surface or light-emitting surface, faces downwardly and its
back surface faces upwardly.

[0097] The display shown in FIG. 10 is a bottom emission
organic EL display that employs an active matrix driving
method. As described later, the organic EL display includes
pixels PX1 to PX3 different in display color from one
another. The pixels PX1 to PX3 include organic EL elements
OLED, and further include coloring layers CL.1 to CL3 of a
color filter CF shown in FIG. 11, respectively.

[0098] The organic EL display includes an array substrate
AS, a video signal line driver XDR, and a scan signal line
driver YDR.

[0099] The array substrate AS includes an insulating sub-
strate SUB such as glass substrate.

[0100] On the substrate SUB, an undercoat layer UC is
formed as shown in FIG. 11. On the undercoat layer UC,
semiconductor layers SC are arranged. The undercoat layer
UC and the semiconductor layers SC are covered with an
insulating film GI. On the insulating film GI, gates GE are
arranged correspondently with the semiconductor layers SC.
For example, these components are the same as those
described in the first embodiment.

[0101] The semiconductor layers SC, the insulating film
G1 and the gates GE form top-gate type p-channel thin-film
transistors, which are field-effect transistors. In the present
embodiment, as in the first embodiment, the thin-film tran-
sistors are p-channel thin-film transistors and utilized as
drive control elements DR and switches SWa to SWc shown
in FIG. 10.

[0102] On the insulating film GI, scan signal lines SL.1 and
SL2 shown in FIG. 10 and lower electrodes (not shown) are
further arranged. The insulating film G, the gates GE, the
scan signal lines SL1 and SL.2, and the lower electrodes are
covered with an interlayer insulating film II shown in FIG.
11. On the interlayer insulating film II, source electrodes SE
and drain electrodes DE shown in FIG. 11, video signal lines
DL and power supply lines PSL shown in FIG. 10, and upper
electrodes (not shown) are arranged. For example, these
components are the same as those described in the first
embodiment.

[0103] The source electrodes SE, the drain electrodes DE,
the video signal lines DL, the power supply lines PSL, and
the upper electrodes are covered with a passivation film (not
shown). For example, the passivation film is the same as that
described in the first embodiment.

[0104] On the passivation film, a light-scattering layer LS
is formed. The light-scattering layer LS includes, for
example, an organic high-molecular material with light
transmission properties and light-transmitting particles dis-
persed therein. The particles differ in optical properties such
as refractive index from the organic high-molecular mate-
rial, and typically made of a light-transmitting inorganic
material such as TiO,.

[0105] On the light-scattering layer LS, a color filter CF is
formed. The color filter CF includes coloring layers CL1 to
CL3. The coloring layers CL1 to CL3 are made of an organic
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high-molecular weight material. The coloring layers CL1 to
CL3 forms a stripe pattern, for example.

[0106] On the color filter CF, light-transmitting pixel
electrodes PE as front electrodes are formed. The pixel
electrodes PE are connected to the drain electrodes DE of the
switches SWa via through-holes formed in the color filter
CF, the light-scattering layer LS and the passivation film.
The pixel electrodes PE are anodes in this embodiment. As
the material of the pixel electrodes PE, a transparent con-
ductive oxide such as ITO can be used.

[0107] On the color filter CF, a partition insulating layer PI
shown in FIG. 11 is further formed. For example, the
partition insulating layer PI is the same as that described in
the first embodiment.

[0108] On the pixel electrodes PE, organic layers ORG
including white light-emitting layers EMT shown in FIG. 12
are formed as active layers. The white light-emitting layers
EMT are thin films designed to emit white light. For
example, each emitting layer EMT is a laminated body that
includes a yellow light-emitting layer EM1 containing a
luminescent organic compound emitting yellow light and a
blue light-emitting layer EM2 containing a luminescent
organic compound emitting blue light. As shown in FIG. 12,
each organic layer ORG can further include a hole injection
layer HI, a hole transporting layer HT, an electron trans-
porting layer ET, and an electron injection layer EI in
addition to the white light-emitting layer EMT.

[0109] The partition insulating layer PI and the organic
layers ORG are covered with a counter electrode CE as a
back electrode. The counter electrode CE is a common
electrode shared among the pixels PX1 to PX3, and is a
reflective cathode made of aluminum and the like in the
present embodiment. For example, an electrode wire (not
shown) is formed on the layer on which the video signal
lines DL are formed, and the counter electrode CE is
electrically connected to the electrode wire via a contact
hole formed in the passivation layer PS, the light-scattering
layer LS, the color filter CF and the partition insulating layer
PI. Each organic EL element OLED is composed of the pixel
electrode PE, organic layer ORG, and counter electrode CE.

[0110] The organic EL elements OLED have optical reso-
nator structures, i.e. microcavity structures. In the present
embodiment, a configuration in which light emitted by the
organic layer ORG causes multi-beam interference between
interfaces, i.e., the interface between the pixel electrode PE
and the color filter CF and the interface between the counter
electrode CE and the organic layer ORG, is employed.

[0111] Each organic EL element OLED faces one of the
coloring layers CL1 to CL3. Each pixel PX1 includes the
organic EL, element OLED and the coloring layer CL1
facing the organic EL element OLED. Each pixel PX2
includes the organic EL element OLED and the coloring
layer CL2 facing the organic EL element OLED. Each pixel
PX3 includes the organic EL element OLED and the color-
ing layer CL3 facing the organic EL element OLED. Each
of the pixels PX1 to PX3 further includes the same pixel
circuit as that described in the first embodiment.

[0112] The organic EL elements OLED included in the
pixels PX1 are shorter in optical length between the color
filter CF and the counter electrode CE than the organic EL
element OLED included in the pixels PX2. The organic EL
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elements OLED included in the pixels PX3 are longer in
optical length between the color filter CF and the counter
electrode CE than the organic EL element OLED included in
the pixels PX2. As an example, the differences in the optical
length are produced only by making the thickness of the
organic layer ORG differ among the pixels PX1 to PX3.
Note that the thickness of the pixel electrode PE may be
made to differ among the pixels PX1 to PX3 instead of
making the thickness of the organic layer ORG differ among
the pixels PX1 to PX3.

[0113] In the present embodiment, the video signal line
driver XDR and the scan signal line driver YDR are placed
on the array substrate AS. That is, the video signal line driver
XDR and the scan signal line driver YDR are connected to
the array substrate AS in the chip-on-glass (COG) manner.
Instead, the video signal line driver XDR and the scan signal
line driver YDR may be connected to the array substrate AS
by using the tape carrier package (TCP).

[0114] The display can further include other components
such as the sealing substrate CS and the sealing layer
described in the first embodiment. The display can be driven
by the same method as that described in the first embodi-
ment.

[0115] The organic EL display can display an image with
high degrees of efficiency and chroma. In addition, the
organic EL display is small in the dependence of hue on the
viewing direction. This will be described below.

[0116] A resonant wavelength of an optical resonator
depends on a traveling direction of light. That is, the
resonant wavelength of light traveling within an optical
resonator in the normal direction differs from the resonant
wavelength of light traveling within the optical resonator in
the oblique direction.

[0117] An emission spectrum of emitting layer included in
the organic layer ORG is broad. Thus, it is possible that the
wavelength of light with the maximum intensity when the
organic EL. element OLED 1is observed in the oblique
direction greatly differs from the wavelength of light with
the maximum intensity when the organic EL element OLED
is observed in the normal direction.

[0118] For these reasons, when the light-scattering layer
LS is omitted from the organic EL display, the dependence
ofhue on the viewing direction is large despite the use of the
color filter CF, and the dependence of luminance on the
viewing direction is large.

[0119] In the organic EL display according to the present
embodiment, the light-scattering layer LS is placed on the
front side of the optical resonators. Therefore, according to
the present embodiment, the dependences of hue and lumi-
nance on the viewing direction can be decreased.

[0120] Note that the dependences of hue and luminance on
the viewing direction can be decreased when the light-
scattering layer LS is placed between the color filter CF and
the pixel electrodes PE. However, in this case, forming the
optical resonators is difficult because the pixel electrodes PE
and the light-transmitting particles included in the light-
scattering layer have almost the same refractive index.
Therefore, in this case, it is possible that the degrees of
efficiency and chroma are lowered.
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[0121] When the color filter CF is placed between the
microcavity structures and the light-scattering layer LS, it is
possible to make light scattered by the light-scattering layer
LS without impairing the microcavity effect if the refractive
index of the color filter CF is smaller than that of the pixel
electrodes PE. Therefore, according to the present embodi-
ment, an image can be displayed with high degrees of
efficiency and chroma, and the dependences of luminance
and hue on the viewing direction can be decreased.

[0122] Typically, the difference between the refractive
index of the color filter CF and the refractive index of the
pixel electrodes PE is set at a value within a range from 0.3
to 0.6. When the difference between the refractive indices is
small, it may be difficult to form the optical resonators.
Under normal circumstances, when the color filter CF is
made of a commonly-used material, it is difficult to set the
difference between the refractive indices at a value larger
than 0.6.

[0123] Typically, the light-scattering layer LS is placed
between the substrate SUB and the color filter CF. When the
light-scattering layer LS is placed to face the color filter CF
with the substrate SUB interposed therebetween, color mix-
ture may occur due to the thickness of the substrate SUB.

[0124] The parts of the light-scattering layer LS corre-
sponding to the pixels PX1, the parts of the light-scattering
layer LS corresponding to the pixels PX2, and the parts of
the light-scattering layer LS corresponding to the pixels PX3
may be different from one another in the mean diameter of
the particles. For example, it is possible that the parts of the
light-scattering layer LS corresponding to the pixels PX1 are
smaller in the mean diameter of the particles than the parts
of the light-scattering layer LS corresponding to the pixels
PX2, and the parts of the light-scattering layer LS corre-
sponding to the pixels PX3 are larger in the mean diameter
of the particles than the parts of the light-scattering layer LS
corresponding to the pixels PX2.

[0125] The white light-emitting layer EMT may not be the
laminated body of the yellow light-emitting layer EM1 and
the blue light-emitting layer EM2. For example, the white
light-emitting layer EMT may be a laminated body of a
bluish green light-emitting layer and a red light-emitting
layer.

[0126] The particles contained in the light-scattering layer
LS may be metal particles or oxide particles other than TiO,
particles. As the light-scattering layer LS, a photonic crystal
layer may be used instead of the light-scattering layer that
includes organic high-molecular material with light trans-
mission properties and light-transmitting particles dispersed
therein.

[0127] Although the bottom emission organic EL display
1s described in this embodiment, the above-mentioned tech-
niques can be applied to a top emission organic EL display.
In this embodiment, the configuration in which a current
signal as a video signal is written on a pixel circuit is
employed. Instead, the configuration in which a voltage
signal as a video signal is written on a pixel circuit may be
employed.

[0128] The techniques described in the second embodi-
ment may be combined with the techniques described in the
first embodiment.
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[0129] In the second embodiment, the pixels PX1 may be
short in wavelength A . of the light component with the
maximum intensity that the organic EL element OLED emits
in the normal direction as compared with the pixels PX2. In
this case, the pixels PX3 are long in wavelength A __ of the
light component with the maximum intensity that the
organic EL element OLED emits in the normal direction as
compared with the pixels PX2. As an example, it is possible
that the wavelength & __ of the organic EL elements OLED
included in the pixels PX1 falls within the wavelength range
of blue light, the wavelength A __ of the organic EL elements
OLED included in the pixels PX2 falls within the wave-
length range of green light, and the wavelength A___ of the

organic EL elements OLED included in the pixels PX3 falls
within the wavelength range of red light.

[0130] The coloring layers CL1 may be short in wave-
length max at which the maximum transmittance T, is
obtained as compared to the coloring layers CL2. In addi-
tion, the coloring layers CLL3 may be long in wavelength
A\ at which the maximum transmittance T, is obtained as
compared to the coloring layers CL2. As an example, it is
possible that the wavelength A___ at which the coloring
layers CL1 exhibit the maximum transmittance T, falls
within the wavelength range of blue light, the wavelength
A at which the coloring layers CL2 exhibit the maximum
transmittance T, falls within the wavelength range of
green light, and the wavelength A__ at which the coloring
layers CL3 exhibit the maximum transmittance T, falls
within the wavelength range of red light. In this case,
typically, the wavelength 2., is set almost equal to the

wavelength A __ in each of the pixels PX1 to PX3.

[0131] When the techniques described in the first and
second embodiments are combined together, an image can
be displayed with high degrees of efficiency and chroma,
and the dependences of luminance and hue on the viewing
direction can be further decreased.

[0132] Additional advantages and muodifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. An organic EL display comprising:

an organic EL element including a pair of electrodes and
an emitting layer interposed therebetween, the organic
EL element having an optical resonator structure; and

a coloring layer facing the organic EL element, a wave-
length ., of a light component with the maximum
intensity that the organic EL element emits in a normal
direction being shorter than a wavelength &, at which
the coloring layer exhibits the maximum transmittance

T ax:

2. The display according to claim 1, wherein the wave-
length A . is equal to or shorter than a wavelength A, at
which the coloring layer exhibits a transmittance T, the
transmittance T, being 90% of the transmittance T, and

the wavelength A, being shorter than the wavelength A
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3. The display according to claim 1, wherein the emitting
layer emits white light.

4. The display according to claim 1, further comprising a
light-scattering layer facing the organic EL element with the
coloring layer interposed therebetween.

5. An organic EL display comprising first to third pixels
each comprising an organic EL element and a coloring layer,
the organic EL element including a front electrode, a back
electrode, and an emitting layer interposed therebetween and
having an optical resonator structure, and the coloring layer
facing the front electrode,

the first pixel being shorter in a wavelength 2, of a light
component with the maximum intensity that the
organic EL element emits in a normal direction than the
second pixel,

the third pixel being longer in the wavelength A __ than the
second pixel,

the first pixel being shorter in a wavelength A at which

the coloring layer exhibits the maximum transmittance
T .., than the second pixel,

the third pixel being longer in the wavelength A_ ., than
the second pixel, and

the wavelength A being shorter than the wavelength
A in each of the first to third pixels.

6. The display according to claim 5, wherein, in each of
the first to third pixels, the wavelength A . is equal to or
shorter than a wavelength %, at which the coloring layer
exhibits a transmittance To,, the transmittance T, being
90% of the transmittance T_,,, and the wavelength Ay,
being shorter than the wavelength »___.

7. The display according to claim 5, wherein, in each of
the first to third pixels, the emitting layer emits white light.

8. The display according to claim 5, wherein each of the
first to third pixels further comprises a light-scattering layer
facing the organic EL element with the coloring layer
interposed therebetween.

9. An organic EL display comprising:

organic EL elements each having an optical resonator
structure;

a color filter facing the organic EL elements; and

a light-scattering layer facing the organic EL elements

with the color filter interposed therebetween.

10. The display according to claim 9, wherein the light-
scattering layer contains an inorganic material with light
transmission properties.

11. An organic EL display comprising:

organic EL elements each including a first and second
electrodes and an emitting layer interposed therebe-
tween and each having an optical resonator structure;

a light-scattering layer facing the first electrode; and

a color filter including coloring layers and interposed
between the first electrode and the light-scattering
layer, each of the coloring layer being smaller in
refractive index than the first electrode.

12. The display according to claim 11, wherein the

light-scattering layer contains an inorganic material with
light transmission properties.
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13. An organic EL display comprising:

first to third pixels each comprising an organic EL ele-
ment having an optical resonator structure and a col-
oring layer facing the organic EL element, the organic

EL element including an emitting layer emitting white
light; and

a light-scattering layer facing the organic EL element with
the coloring layer interposed therebetween,

the first pixel being shorter in a wavelength A of a light
component with the maximum intensity that the
organic EL element emits in a normal direction than the

second pixel,
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the third pixel being longer in the wavelength Ares than
the second pixel,

the first pixel being shorter in a wavelength A, at which

the coloring layer exhibits the maximum transmittance
T .. than the second pixel, and

the third pixel being longer in the wavelength A, than
the second pixel.
14. The display according to claim 13, wherein the
light-scattering layer contains an inorganic material with
light transmission properties.
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