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A color display including a plurality of pixels on a substrate,
each pixels being area-divided into plural sub-pixels includ-
ing at least two sub-pixels that each emit colored light of
different wavelengths and a white sub-pixel, wherein the at
least two sub-pixels and the white sub-pixel each have at least
an optical path length-adjusting layer and an organic elec-
troluminescence layer interposed between a layer that par-
tially transmits light and partially reflects light and a light
reflection layer to form a resonator structure.
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COLOR DISPLAY AND METHOD FOR
PRODUCING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC 119
from Japanese Patent Application No. 2008-221880, filed on
Aug. 29, 2008, the disclosure of which is incorporated by
reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresentinvention relatestoa colordisplay using
a light-emitting element and a method for producing the
same. In particular, the invention relates to a color display and
a method for producing the same.

[0004] 2. Description of the Related Art

[0005] Recently, flat panel displays with a thin shape and
light weight have been used in broad fields in place of Braun
tubes (CRTs), and applications thereof have been expanded.
This has resulted from the accelerated spread of personal
information terminals such as personal computers and cellu-
lar telephones compatible with network access, due to the
development of information devices and infrastructure for
service networks having the Internet as a core. In addition, the
market for flat panel displays has expanded to home use
television sets, which was conventionally the exclusive mar-
ket of CRTs.

[0006] Among these, a device recently receiving a lot of
attention in particular is an organic electroluminescence ele-
ment (hereinafter, referred to as an “organic EL element”, or
an “organic light emitting diode” (OLED) in some cases). An
organic EL element is a device that emits light corresponding
to electric signals and is constituted using an organic com-
pound as a light-emitting material. The organic EL element
inherently has excellent display characteristics such as a wide
viewing angle, high contrast and high-speed response. Fur-
ther, there is a possibility that the organic EL element can
realize displays of from a small size to a large size with a thin
shape and light weight and high image quality. Therefore, the
organic EL element has attracted attention as a device capable
of replacing CRTs and LCDs.

[0007] Various full color displays using an organic EL ele-
ment have been proposed.

[0008] For instance, methods for obtaining three primary
colors of a red (R) color, a green (G) color, and a blue (B)
color for full color representation include a triple pattern
process, a method of combining a color filter with a white
organic EL element, a color changing method and the like.
[0009] In the triple pattern process, there is a possibility of
achieving high efficiency by preparing three appropriate col-
oring materials as light-emitting materials and reducing loss
of a circular polarizing plate. However, since a technique for
the triple pattern process is difficult to carry out, it is hard to
achieve a high definition display, and it is difficult to increase
a display size.

[0010] The method of combining a color filter with a white
organic EL element has problems in that light-emission effi-
ciency of the white light-emitting material itself is low, and
that brightness decreases to about '3 due to the color filter.
[0011] Inthe colorchanging method for obtaining a desired
color by changing the color of a light emitted from an organic
EL element using a color changing layer, various improve-
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ments have been made, but there are still problems in that
color changing efficiency to a red color is low, and the like.

[0012] 1In contrast, it has been examined to achieve a high
color reproduction by employing a translucent cathode for an
upper electrode, and taking out only light of a specific wave-
length to the outside of the organic EL element by a multiple
interference effect between the upper electrode and a light
reflection layer. For example, the following organic EL ele-
ment is known. The organic EL element is structured so that
a first electrode formed of a light reflection material, an
organic layer having an organic light-emitting layer, a trans-
lucent light reflection layer and a second electrode formed of
a transparent material are successively disposed, and the
organic layer serves as a resonance part, wherein the follow-
ing equation is satisfied when the peak wavelength of the
spectrum of a desired light to be taken out is represented by A.

(LYM+iQ2m)=m

[0013] In the equation, L represents an optical path length,
A represents a wavelength of a desired light to be taken out, m
represents an integer, and ¢ represents a phase shift, and the
structure is designed so that the optical path length L becomes
a minimum positive value.

[0014] For example, Japanese National Phase Publication
(translation of PCT application) No. 2007-503093 discloses
an organic EL display having a microcavity (minute resona-
tor). Specifically, one pixel is divided into sub-pixels of red
(R), green (G), and blue (B), wherein each sub-pixel consti-
tutes a resonator, and an organic EL layer is provided in
common to all the sub-pixels. It is described that thereby, a
simple full color display which does not require individual
three color formation or a color filter is obtained. A resonator
structure has not been provided in a white sub-pixel part,
because, considering the principle of a resonator in which
only a specific wavelength is resonated, the structure is not
suitable for the purpose of emitting a white light having an
emission spectrum over the entire visible range.

[0015] Moreover, Japanese Patent Application Laid-Open
(JP-A) No. 2007-26867 describes a problem in which, in a
display having a resonator structure, a hue varies depending
on the direction in which the display surface is observed. As
ameans to solve the problem, JP-A No. 2007-26867 discloses
that a spectrum distribution of light to be obtained is broad-
ened by providing, outside the resonator structure, a color
filter whose maximum absorption wavelength is different
from the maximum wavelength of light emitted from the
resonator. Specifically, it is described that viewing angle
dependency is reduced by combining a color filter having an
absorption maximum at a wavelength longer than the wave-
length of the maximum intensity observed in the normal
direction of light emitted from the resonator.

[0016] However, a white sub-pixel is important for rich
color reproduction and gradation reproduction in a full color
display, and it has been desired to solve the problems that
occur in the case of providing a white sub-pixel.

SUMMARY OF THE INVENTION

[0017] The present invention has been made in view of the
above circumstances and provides a color display and a
method for producing the same with the following aspects.

[0018] A firstaspect of the present invention is to provide a
color display comprising a plurality of pixels on a substrate,
each pixels being area-divided into plural sub-pixels includ-
ing at least two sub-pixels that each emit colored light of
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different wavelengths and a white sub-pixel, wherein the at
least two sub-pixels and the white sub-pixel each have at least
an optical path length-adjusting layer and an organic elec-
troluminescence layer interposed between a layer that par-
tially transmits light and partially reflects light and a light
reflection layer to form a resonator structure.

[0019] A second aspect of the present invention is to pro-
vide a method for producing a color display in which a plu-
rality of pixels is formed on a substrate, each pixel being
area-divided into plural sub-pixels including at least two sub-
pixels that each emit colored light of different wavelengths
and a white sub-pixel, wherein the white sub-pixel is area-
divided into at least two sub-sub-pixels that each emit colored
light of different wavelengths, and the at least two sub-pixels
and the at least two sub-sub-pixels each form a resonator
structure, the resonator structure having at least an optical
path length-adjusting layer and an organic electrolumines-
cencelayer interposed between alayer that partially transmits
light and partially reflects light and a light reflection layer, in
which the organic electroluminescence layer is a white light-
emitting layer, the method comprising:

[0020] successively forming the organic electrolumines-
cence layers of the at least two sub-pixels and the at least two
sub-sub-pixels with substantially the same composition;
[0021] successively forming the optical path length-adjust-
ing layers of the at least two sub-pixels and the at least two
sub-sub-pixels with substantially the same material; and
[0022] adjusting a wavelength of light to be emitted by a
thickness of the optical path length-adjusting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a conceptual diagram illustrating an
arrangement of pixels in a matrix type display.

[0024] FIG. 2 is a conceptual diagram illustrating a sub-
pixel arrangement of one pixel.

[0025] FIG. 3 is a conceptual diagram illustrating a sub-
pixel arrangement of one pixel according to another embodi-
ment.

[0026] FIG. 4 is a conceptual diagram illustrating a sub-
pixel arrangement of one pixel according to yet another
embodiment.

[0027] FIG. 5 is a conceptual diagram illustrating a sub-
pixel arrangement of one pixel according to yet another
embodiment.

[0028] FIG. 6 is a conceptual cross-sectional view of one
pixel according to the invention.

[0029] FIG. 7 is a conceptual cross-sectional view of one
pixel according to another embodiment of the invention.
[0030] FIG. 8 is a conceptual cross-sectional view of one
pixel according to yet another embodiment of the invention.
[0031] FIG.9isa conceptual cross-sectional view illustrat-
ing a method for producing one pixel of the invention in
accordance with a process order.

[0032] FIG. 10 is a conceptual cross-sectional view illus-
trating a method for producing one pixel of another embodi-
ment of the invention in accordance with a process order.
[0033] FIG. 11 is a conceptual cross-sectional view illus-
trating a method for producing one pixel of yet another
embodiment of the invention in accordance with a process
order.

DETAILED DESCRIPTION OF THE INVENTION

[0034] An object of the invention is to provide a color
display using a light-emitting element, and a method for
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producing the same. In particular, the invention aims at pro-
viding a color display that allows a high definition color
display and is easily produced, and a method for producing
the same.

[0035] The problems of the invention described above have
been solved by a color display comprising a plurality of pixels
on a substrate, each pixels being area-divided into plural
sub-pixels including at least two sub-pixels that each emit
colored light of different wavelengths and a white sub-pixel,
wherein the at least two sub-pixels and the white sub-pixel
each have at least an optical path length-adjusting layer and
an organic electroluminescence layer interposed between a
layer that partially transmits light and partially reflects light
and a light reflection layer to form a resonator structure.

[0036] Preferably, the white sub-pixel is area-divided into
at least two sub-sub-pixels that each emit colored light of
different wavelengths, and the at least two sub-sub-pixels
each form a resonator structure.

[0037] Preferably, the at least two sub-pixels include at
least three sub-pixels including a red sub-pixel, a green sub-
pixel and a blue sub-pixel, and the white sub-pixel includes
three sub-sub-pixels of a red sub-sub-pixel, a green sub-sub-
pixel and a blue sub-sub-pixel.

[0038] Preferably, the resonator structures of the red sub-
pixel, the green sub-pixel and the blue sub-pixel, and the
resonator structures of the red sub-sub-pixel, the green sub-
sub-pixel and the blue sub-sub-pixel are respectively substan-
tially the same for each same color.

[0039] Preferably, the organic electroluminescence layers
of the at least two sub-pixels and the white sub-pixel are
layers that emit a white light, and comprise substantially the
same composition as each other.

[0040] Preferably, the optical path length-adjusting layer is
formed of an inorganic electric insulating material.

[0041] Preferably, the optical path length-adjusting layers
of the red sub-pixel, the green sub-pixel, the blue sub-pixel,
the red sub-sub-pixel, the green sub-sub-pixel, and the blue
sub-sub-pixel comprise substantially the same material as
each other and are different in thickness.

[0042] Preferably, the organic electroluminescence layers
of the red sub-pixel, the green sub-pixel, the blue sub-pixel,
the red sub-sub-pixel, the green sub-sub-pixel, and the blue
sub-sub-pixel respectively comprise layers that emit a white
light and have substantially the same composition as each
other, and the optical path length-adjusting layers of the red
sub-pixel, the green sub-pixel, the blue sub-pixel, the red
sub-sub-pixel, the green sub-sub-pixel, and the blue sub-sub-
pixel comprise substantially the same material as each other
and are different in thickness.

[0043] The method for producing a color display of the
present invention is a method for producing a color display in
which a plurality of pixels is formed on a substrate, each pixel
being area-divided into plural sub-pixels including at least
two sub-pixels that each emit colored light of different wave-
lengths and a white sub-pixel, wherein the white sub-pixel is
area-divided into at least two sub-sub-pixels that each emit
colored light of different wavelengths, and the at least two
sub-pixels and the at least two sub-sub-pixels each form a
resonator structure.

[0044] The resonator structure has at least an optical path
length-adjusting layer and an organic electroluminescence
layer interposed between a layer that partially transmits light
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and partially reflects light and a light reflection layer, wherein
the organic electroluminescence layer is a white light-emit-
ting layer.

[0045] In the method for producing a color display of the
present invention, the organic electroluminescence layers of
the at least two sub-pixels and the at least two sub-sub-pixels
are formed successively with substantially the same compo-
sition, the optical path length-adjusting layers of the at least
two sub-pixels and the at least two sub-sub-pixels are formed
successively with substantially the same material, and a
wavelength of light to be emitted is adjusted by a thickness of
the optical path length-adjusting layer.

[0046] In the method for producing the color display, pref-
erably, the at least two sub-pixels include at least three sub-
pixels including a red sub-pixel, a green sub-pixel, and a blue
sub-pixel, and the white sub-pixel includes a red sub-sub-
pixel, a green sub-sub-pixel, and a blue sub-sub-pixel.
[0047] In the method for producing the color display, pref-
erably, the thickness of each of the optical path length-adjust-
ing layers of the red sub-pixel, the green sub-pixel, and the
blue sub-pixel and the thickness of each of the optical path
length-adjusting layers of the red sub-sub-pixel, the green
sub-sub-pixel, and the blue sub-sub-pixel are substantially
the same for each same color.

[0048] In the method for producing the color display, pref-
erably, the optical path length-adjusting layer is formed of an
inorganic electric insulating material.

[0049] The present invention provides a display that allows
a high definition color display and is easily produced, and a
method for producing the same. In particular, since an organic
electroluminescence layer can be formed in common for the
whole pixel including sub-pixels, it is not necessary to form
organic electroluminescence layer portions individually
according to emitted colors.

[0050] Conventionally, in the case where a resonator struc-
ture is provided in R, G, and B sub-pixels, a specific wave-
length is resonated when the resonator structure is also pro-
vided in a white sub-pixel. As a result, the white sub-pixel is
tinted with a specific color, which makes it difficult to perform
appropriate color reproduction. A structure in which the reso-
nator structure is omitted from only a white pixel unit com-
plicates the structure of the display and the production pro-
cess thereof, and furthermore, makes it difficult to achieve
high definition.

[0051] According to the invention, light emitted from the
white sub-pixel has three wavelength characteristics having a
resonance point at each color wavelength similar to that in the
R, G, and B sub-pixels, and a color tone can be improved.
[0052] Hereinafter, the present invention will be described
in more detail.

1. Display

[0053] The display of the present invention has plural pix-
els on a substrate in which each pixel is area-divided into
plural sub-pixels including at least two sub-pixels that each
emit colored light of different wavelengths.

[0054] As illustrated in FIG. 1, the display of the invention
has a matrix screen panel in which plural pixels are arranged
in a matrix on a substrate. Each pixel contains at least two
sub-pixels that each emit colored light of different wave-
lengths and a white sub-pixel, and each sub-pixel forms a
resonator structure. By independently controlling the sub-
pixels, the brightness of each sub-pixel is controlled indepen-
dently, and thereby, full color reproduction can be achieved.
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[0055] Preferably, the white sub-pixel is further area-di-
vided into at least two sub-sub-pixels, and each sub-sub-pixel
forms a resonator structure. A particularly preferable struc-
ture has a red sub-pixel (R sub-pixel), a green sub-pixel (G
sub-pixel), a blue sub-pixel (B sub-pixel), and a white sub-
pixel (W sub-pixel) having a red sub-sub-pixel (R sub-sub-
pixel), a green sub-sub-pixel (G sub-sub-pixel), and a blue
sub-sub-pixel (B sub-sub-pixel). FIG. 2 is a conceptual dia-
gram illustrating the structure in which the sub-sub-pixels of
the white sub-pixel unit are arranged in the column in a
similar manner to the arrangement of the sub-pixels. FIGS. 3
to 5 are conceptual diagrams illustrating the arrangement of
the sub-sub-pixels of the white sub-pixel unit according to
another embodiment.

[0056] In the invention, the at least two sub-pixels and the
white sub-pixel each have at least an optical path length-
adjusting layer and an organic electroluminescence layer
interposed between a layer that partially transmits light and
partially reflects light and a light reflection layer to form a
resonator structure.,

[0057] Preferably, the white sub-pixel (W sub-pixel) is fur-
ther area-divided into at least two sub-sub-pixels that each
emit colored light of different wavelengths, and the at least
two sub-sub-pixels each form a resonator structure.

[0058] Preferably, the at least two sub-pixels have a red
sub-pixel (R sub-pixel), a green sub-pixel (G sub-pixel), and
a blue sub-pixel (B sub-pixel), and the white sub-pixel has a
red sub-sub-pixel (R sub-sub-pixel), a green sub-sub-pixel (G
sub-sub-pixel), and a blue sub-sub-pixel (B sub-sub-pixel).
[0059] Preferably, the resonator structures of the R sub-
pixel, the G sub-pixel and the B sub-pixel and the resonator
structures of the R sub-sub-pixel, the G sub-sub-pixel, and the
B sub-sub-pixel are substantially the same for each same
color.

[0060] Preferably, the organic electroluminescence layers
are organic electroluminescence layers that each emit a white
light, and the organic electroluminescence layers of the at
least two sub-pixels and the white sub-pixel have substan-
tially the same composition as each other.

[0061] Preferably, the optical path length-adjusting layer is
formed of an inorganic electric insulating material.

[0062] Preferably, the optical path length-adjusting layers
of the R sub-pixel, the G sub-pixel, the B sub-pixel, the R
sub-sub-pixel, the G sub-sub-pixel, and the B sub-sub-pixels
are formed of substantially the same material and are different
in the thickness.

[0063] In the invention, either a top emission organic EL
element or a bottom emission organic EL, element may be
employed.

[0064] Next, the structure of the display of the invention
will be specifically described with reference to the drawings.
[0065] In the invention, an arrangement of the sub-sub-
pixel is not particularly limited, but, hereinafter, the display of
the invention and a method for producing the same will be
described with respect to an embodiment of the structure
illustrated in FIG. 2.

[0066] FIG. 6 is a schematic configuration diagram illus-
trating a cross sectional view of the structure of one pixel of
the invention.

[0067] On atransparent substrate 1, the sub-pixels and sub-
sub-pixels each have a layer that partially transmits light and
partially reflects light 2 in common. The layer that partially
transmits light and partially reflects light 2 may be any of a
metal thin layer (Al, Ag, or the like) or a Distribution Bragg
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Reflection film (DBR) in which transparent thin layers having
different refractive indices are laminated.

[0068] Anelectricinsulating layer 3 formed of alight trans-
mitting electric insulating material is provided thereon in the
sub-pixel unit. The electric insulating layer 3 is an optical path
length-adjusting layer and is formed while varying a film
thickness according to the positions of the R, G, and B sub-
pixels so that each of the R, G, and B sub-pixels efficiently
resonates. Simultaneously, an area at the position of the W
sub-pixel is divided into R, G, and B areas (corresponding to
the R, G, and B sub-sub-pixels), and then the electric insulat-
ing layer 3 is formed while mutually varying the film thick-
ness similarly as in the R, G, and B sub-pixels. For example,
a film thickness of an optical distance L (L=N/2xm, A: output
wavelength, m: natural number) that generates optical reso-
nance in an R light (A=625 nm to 740 nm), a G light (=500
nm to 565 nm), or a B light (\=450 nm to 485 nm) is achieved
between the layer that partially transmits light and partially
reflects light 2 and a light reflection electrode 6 mentioned
later. A material for the electric insulating layer may be any of
an inorganic material (Si0,, SiON, SiN, ITO, IZ0, or the
like) or an organic material (polycarbonate, polyacrylate, sili-
cone resin, or the like).

[0069] On theelectric insulating layer 3, a transparent elec-
trode 4 (first electrode) is patterned for each sub-pixel. On the
W sub-pixel unit, a transparent electrode is formed in com-
mon to all the sub-sub-pixels.

[0070] An organic electroluminescence layer 5 and the
light reflection electrode 6 (second electrode) are formed
thereon in common to all the sub-pixels. Light emitted in the
organic electroluminescence layer 5 repeats reflection
between the layer that partially transmits light and partially
reflects light 2 and the light reflection electrode 6 and reso-
nates, and then R, G, and B lights transmit through the sub-
strate 1 to be emitted to the outside. In the W sub-pixel unit,
the resonated R, G, and B lights are mixed to be observed as
a white light.

[0071] FIG. 7 is a schematic configuration diagram illus-
trating a cross sectional view of the structure of one pixel
according to another embodiment of the invention.

[0072] On a substrate 11, a light reflection electrode 14
(first electrode) that are patterned, an organic electrolumines-
cence layer 15, and a transparent electrode 16 (second elec-
trode) are formed in common to all the sub-pixels. An electric
insulating layer 13 is formed thereon while varying the film
thickness, at the positions of the R, G, B sub-pixels and the
positions of the R, G, and B sub-sub-pixels of the W sub-
pixel. The electric insulating layer 13 is an optical path
length-adjusting layer, and is formed while varying the film
thickness so that each of the R, G, and B sub-pixels efficiently
resonates according to the positions of the R, G, and B sub-
pixels. A layer that partially transmits light and partially
reflects light 12 is formed thereon.

[0073] Light emitted in the organic electroluminescence
layer 15 by applying an electric current repeats reflection
between the light reflection electrode 14 and the layer that
partially transmits light and partially reflects light 12 and
resonates, and, as a result, R, G, and B lights transmit through
the layer that partially transmits light and partially reflects
light 12 to be emitted to the outside. In the W sub-pixel unit,
the resonated R, G, and B lights are mixed to be observed as
a white light.
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[0074] FIG. 8 is a schematic configuration diagram illus-
trating a cross sectional view of the structure of one pixel
according to yet another embodiment of the invention.
[0075] On a substrate 21, a light reflection layer 22 is
formed in common to all the sub-pixels and an electric insu-
lating layer 23 is formed thereon while varying the film thick-
ness at the positions of the R, G, and B sub-pixels and the
positions of the R, G, and B sub-sub-pixels of the W sub-
pixel. The electric insulating layer 23 is an optical path
length-adjusting layer, and is formed while varying the film
thickness according to the positions of the R, G, and B sub-
pixels so that each of the R, G, and B sub-pixels efficiently
resonates.

[0076] A patterned transparent electrode 24 (first electrode)
is formed thereon.

[0077] An organic electroluminescence layer 25 and an
electrode that partially transmits light and partially reflects
light 26 (second electrode) are formed thereon in common to
all the sub-pixels and sub-sub-pixels.

[0078] Light emitted in the organic electroluminescence
layer 25 by applying an electric current repeats reflection
between the light reflection layer 22 and the electrode that
partially transmits light and partially reflects light 26 and
resonates, and, as a result, R, G, and B lights transmit through
the electrode that partially transmits light and partially
reflects light 26 to be emitted to the outside. In the W sub-
pixel unit, the resonated R, G, and B lights are mixed to be
observed as a white light.

[0079] Thus, according to the invention, each light emitted
from each sub-pixel is light having high brightness and high
saturation having a narrow spectrum distribution, and emis-
sion of lights having wavelength components other than a
resonant wavelength from each sub-pixel is suppressed.
Therefore, light of extremely high brightness and extremely
high saturation is obtained.

[0080] According to the invention, the light emitted from
the W sub-pixel unit has three wavelength characteristics
including an optical resonance similar to that of R, G, and B
sub-pixel units, and a color tone is improved. Conventionally,
when a resonator is provided in the W sub-pixel unit, therehas
been a problem in that the color tone deteriorates due to
undesired resonance, or the color tone changes depending on
a viewing angle. In contrast, the light of the W sub-pixel unit
of the invention is composed by R, G, and B lights obtained
from each resonator of'the sub-sub-pixels, and thus an excel-
lent color tone of high brightness can be stably obtained.
[0081] Moreover, the invention has advantages in that the
organic electroluminescence layers of the R, G, B sub-pixels
and the R, G, and B sub-sub-pixels can be consistently formed
in common, and the optical path length-adjusting layers also
can be consistently formed at the beginning. Therefore, the
production process is simple, the productivity is high, and
high definition is easily achieved.

2. Resonance Structure

[0082] The resonance structure in the invention is struc-
tured so that an organic EL layer and an optical path length-
adjusting layer are interposed between a pair of a light reflec-
tion layer and a layer that partially transmits light and
partially reflects light, and the optical thickness of the organic
EL layer and the optical thickness of the layer that partially
transmits light and partially reflects light are adjusted so as to
obtain an optical path length in which a radiation light from
the organic EL layer resonates. Light with high color purity
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that has been intensified by resonance transmits through the
layer that partially transmits light and partially reflects light to
be taken out outside.

[0083] At least one of the upper electrode or the lower
electrode of the organic EL part is a light reflection layer or a
layer that partially transmits light and partially reflects light.
[0084] Preferably, the layer that partially transmits light
and partially reflects light has a light transmittance of from
5% to 50%, and a light reflectance of from 50% to 90%.
[0085] Preferably, a material constituting the layer that par-
tially transmits light and partially reflects light is a metal
material. The metal material is preferably selected from the
group consisting of platinum, gold, silver, chromium, tung-
sten, aluminum, magnesium, calcium, and sodium, or an
alloy thereof.

[0086] Preferably, a thickness of the layer that partially
transmits light and partially reflects light is from 5 nm to 50
nm.

[0087] As a method of designing the resonance structure,
known methods can be applied. For example, JP-A Nos.
06-283271, 07-282981, and 09-180883, J. Appl. Phys., vol.
86, No. 5, 1 Sep. 1999, pages 2407-2411, by Tokito et al.;
Appl. Phys. Lett., 63 (5), 2 Aug. 1993, pages 594-593, by
Nakayama, et al.; Appl. Phys. Lett., 63 (15), 11 Oct. 1993,
pages 2032-2034, by Takada et al., etc.; and the like describe
methods for adjusting the resonance structure. The invention
may use any of the methods.

3. Optical Path Length-Adjusting Layer

[0088] A material of the optical path length-adjusting layer
in the invention is not particularly limited as long as it is a
transparent electric insulating material. The inorganic electric
insulating material (SiO,, SiON, SiN, ITO, 170 or the like) or
an organic material (polycarbonate, polyacrylate, silicone
resin or the like) may be used.

[0089] The inorganic electric insulating material for the
optical path length-adjusting layer in the invention includes
various known metal oxides, metal nitrides, metal fluorides
and the like.

[0090] Specific examples of metal oxides include MgO,
Si0,, ALO,,Y,0;, TiO, and the like. Specific examples of
metal nitrides include SiN,, SiO,N,, AIN and the like. Spe-
cific examples of metal fluorides include MgF,, LiF, AlF,,
CaF,, BaF, and the like. Moreover, mixtures thereof may be
acceptable.

[0091] A material of the optical path length-adjusting layer
in the invention includes an organic material. A film forming
polymer is preferably used. Examples of the film forming
polymer include polycarbonate, polyacrylate, a silicone
resin, polyvinyl butyral and the like.

[0092] The thickness of the optical path length-adjusting
layer is adjusted so that each sub-pixel has an optical distance
in which light of a specific wavelength can efficiently reso-
nate. Therefore, the resonating optical distance is determined
by the refractive index, composition, and thickness of a mate-
rial interposed between the light reflection layer and the layer
that partially transmits light and partially reflects light, and is
not determined only by the optical path length-adjusting
layer. Considering the structure of a generally used organic
EL layer, the thickness of the optical path length-adjusting
layer of each of the R sub-pixel unit and the R sub-sub-pixel
unitis, in terms of physical thickness, preferably from 150 nm
to 350 nm, and more preferably from 200 nm to 250 nm. The
thickness of the optical path length-adjusting layer of each of
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the G sub-pixel unit and the G sub-sub-pixel unit is, in terms
of physical thickness, preferably from 100 nm to 250 nm, and
more preferably from 150 nm to 200 nm. The thickness of the
optical path length-adjusting layer of each of the B sub-pixel
unit and the B sub-sub-pixel unit is, in terms of physical
thickness, preferably from 50 nm to 200 nm, and more pref-
erably from 100 nm to 150 nm.

[0093] A method for forming the optical path length-ad-
justing layer is not particularly limited. For example, a
vacuum deposition method, a sputtering method, a reactive-
sputtering method, an MBE (molecular beam epitaxy)
method, a cluster ion beam method, an ion plating method, a
plasma polymerization method (high-frequency excitation
ion plating method), a plasma CVD (chemical vapor deposi-
tion) method, a laser-CVD method, a thermal CVD method, a
gas source CVD method, a coating method, a printing
method, or a transfer method is applicable.

4. Organic Flectroluminescence Element

[0094] An organic electroluminescence element in the
present invention has an organic electroluminescence layer
between a pair of electrodes. An organic electroluminescence
layer includes, in addition to a light-emitting layer, generally
known organic compound layer such as a hole-transport
layer, an electron-transport layer, a blocking layer, an elec-
tron-injection layer, a hole-injection layer or the like.

[0095] In the following, the organic electroluminescence
element of the present invention will be described in detail.
[0096] 1) Layer Configuration

[0097] <Electrode>

[0098] At least one of a pair of electrodes of the organic

electroluminescence element of the present invention is a
transparent electrode, and the other one is a rear surface
electrode. The rear surface electrode may be transparent or
non-transparent.

[0099] <Configuration of Organic Compound Layer>
[0100] A layer configuration of the organic compound
layer can be appropriately selected, without particular limi-
tation, depending on the application of the organic electrolu-
minescence element and the purpose thereof. However, the
organic compound layers are preferably formed on the trans-
parent electrode or the rear surface electrode. In these cases,
the organic compound layers are formed on front surfaces or
one surface on the transparent electrode or the rear surface
electrode.

[0101] A shape, size and thickness of the organic com-
pound layers can be appropriately selected, without particular
limitation, depending on the purpose of the organic electrolu-
minescence element.

[0102] Examples of specific layer configurations include
those cited below, but the present invention is not limited to
these examples.

[0103] Anode/hole transport layer/light-emitting layer/
electron transport layer/cathode,

[0104] Anode/hole transport layer/light-emitting layer/
blocking layer/electron transport layer/cathode,

[0105] Anode/hole transport layer/light-emitting layer/
blocking layer/electron transport layer/electron injection
layer/cathode,

[0106] Anode/hole injection layer/hole transport layer/
light-emitting layer/blocking layer/electron transport layer/
cathode, and
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[0107] Anode/hole injection layer/hole transport layer/
light-emitting layer/blocking layer/electron transport layer/
electron injection layer/cathode.

[0108] In the following, the respective layers will be
described in detail.

[0109] 2) Hole Transport Layer

[0110] The hole transport layer used in the present inven-
tion includes a hole transporting material. For the hole trans-
porting material, any material can be used without particular
limitation as long as it has either one of a function of trans-
porting holes or a function of blocking electrons injected
from the cathode. As the hole transporting material that can be
used in the present invention, either one of a low molecular
weight hole transporting material or a polymer hole transport-
ing material can be used.

[0111] Specific examples of the hole transporting material
that can be used in the present invention include a carbazole
derivative, an imidazole derivative, a polyarylalkane deriva-
tive, a pyrazoline derivative, a pyrazolone derivative, a phe-
nylenediamine derivative, an arylamine derivative, an amino-
substituted chalcone derivative, a styrylanthracene
derivative, a fluorenone derivative, a hydrazone derivative, a
stilbene derivative, a silazane derivative, an aromatic tertiary
amine compound, a styrylamine compound, an aromatic dim-
ethylidene-based compound, a porphyrin-based compound, a
polysilane-based compound, a poly(N-vinylcarbazole)
derivative, an aniline-based copolymer, electric conductive
polymers or oligomers such as a thiophene oligomer and
polythiophene, and polymers such as a polythiophene deriva-
tive, a polyphenylene derivative, a polyphenylenevinylene
derivative, a polyfluorene derivative or the like.

[0112] These compounds may be used alone or in a com-
bination of two or more of them.

[0113] A thickness of the hole transport layer is preferably
from 10 nm to 400 nm and more preferably from 50 nm to 200
nm.

[0114] 3) Hole Injection Layer

[0115] In the present invention, a hole injection layer may
be disposed between the hole transport layer and the anode.
[0116] Theholeinjection layer is a layer that makes it easy
for holes to be injected from the anode to the hole transport
layer, and specifically, a material having a small ionization
potential among the hole transporting materials cited above is
preferably used. For instance, a phthalocyanine compound, a
porphyrin compound and a star-burst type triarylamine com-
pound can be preferably used.

[0117] A film thickness of the hole injection layer is pref-
erably from 1 nm to 300 nm.

[0118] 4) Light-Emitting Layer

[0119] The light-emitting layer used in the present inven-
tion comprises at least one light-emitting material, and may
comptise as necessary other compounds such as a hole trans-
porting material, an electron transporting material, and a host
material.

[0120] Any of light-emitting materials can be used without
particular limitation. Either of fluorescent light-emitting
materials or phosphorescent light-emitting materials can be
used, but phosphorescent light-emitting materials are pre-
ferred in view of the light-emission efficiency.

[0121] As a light-emitting material, a white light-emitting
material may be used singly, or two or more light-emitting
materials may be used in combination to obtain a white light.
When two or more light-emitting materials are used in com-
bination, a combination of colors of light emitted from the
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light-emitting materials is not particularly limited. Examples
of combinations include a combination of a blue light-emit-
ting material and a yellow light-emitting material, a combi-
nation of a blue light-emitting material, a green light-emitting
material and a red light-emitting material and the like.

[0122] Examples of the above-described fluorescent light-
emitting materials include a benzoxazole derivative, a benz-
imidazole derivative, a benzothiazole derivative, a styrylben-
zene derivative, a polyphenyl derivative, a diphenylbutadiene
derivative, a tetraphenylbutadiene derivative, a naphthalim-
ide derivative, a coumarin derivative, a perylene derivative, a
perinone derivative, an oxadiazole derivative, an aldazine
derivative, a pyralidine derivative, a cyclopentadiene deriva-
tive, a bis-styrylanthracene derivative, a quinacridone deriva-
tive, a pyrrolopyridine derivative, a thiadiazolopyridine
derivative, a styrylamine derivative, aromatic dimethylidene
compounds, a variety of metal complexes represented by
metal complexes or rare-earth complexes of 8-quinolinol
derivative, polymers such as a polythiophene derivative, a
polyphenylene derivative, a polyphenylenevinylene deriva-
tive, and a polyfluorene derivative, and the like. These com-
pounds may be used alone or in a combination of two or more
of them.

[0123] The phosphorescent light-emitting material is not
particularly limited, but an ortho-metal complex or a porphy-
rin metal complex is preferred.

[0124] The ortho-metal complex referred to herein is a
generic designation ofa group of compounds described in, for
instance, Akio Yamamoto, Yuki Kinzoku Kagaku, Kiso to Oyo
(“Organometallic Chemistry, Fundamentals and Applica-
tions”) (Shokabo, 1982), pages 150 to 232, and H. Yersin,
Photochemistry and Photophysics of Coordination Com-
pounds (New York: Springer-Verlag, 1987), pages 71-77 and
pages 135-146. The ortho-metal complex can be advanta-
geously used as a light-emitting material because high bright-
ness and excellent light-emission efficiency can be obtained.

[0125] As a ligand that forms the ortho-metal complex,
various ligands can be cited and are described in the above-
mentioned literature as well. Examples of preferable ligands
include a 2-phenylpyridine derivative, a 7,8-benzoquinoline
derivative, a 2-(2-thienyl)pyridine derivative, a 2-(1-naphtyl)
pyridine derivative and a 2-phenylquinoline derivative. The
derivatives may be substituted by a substituent as needs arise.
Furthermore, the ortho-metal complex may have other
ligands than the ligands mentioned above.

[0126] An ortho-metal complex used in the present inven-
tion can be synthesized according to various known processes
such as those described in Inorg. Chem., 1991, vol. 30, pp.
1685; Inorg. Chem., 1988, vol. 27, page 3464; Inorg. Chem.,
1994, vol. 33, page 545; Inorg. Chim. Acta, 1991, vol. 181,
page 245; I. Organomet. Chem., 1987, vol. 335, page 293,
and J. Am. Chem. Soc., 1985, vol. 107, page 1431.

[0127] Among the ortho-metal complexes, compounds
which emit light from a triplet exciton can be preferably
employed in the present invention from the viewpoint of
improving light-emission efficiency.

[0128] Furthermore, among the porphyrin metal com-
plexes, a porphyrin platinum complex is preferable.

[0129] The phosphorescent light-emitting materials may
be used alone or in a combination of two or more of them.
Furthermore, a fluorescent light-emitting material and a
phosphorescent light-emitting material may be simulta-
neously used.
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[0130] A host material is a material that has a function of
causing an energy transfer from an excited state thereof to the
fluorescent light-emitting material or the phosphorescent
light-emitting material to cause light emission from the fluo-
rescent light-emitting material or the phosphorescent light-
emitting material.

[0131] As the host material, as long as the compound can
transfer exciton energy to a light-emitting material, any com-
pound can be appropriately selected and used depending on
the purpose without particular limitation. Specific examples
thereof include: a carbazole derivative; a triazole derivative;
an oxazole derivative, an oxadiazole derivative; an imidazole
derivative; a polyarylalkane derivative; a pyrazoline deriva-
tive; a pyrazolone derivative; a phenylenediamine derivative;
an arylamine derivative; an amino-substituted chalcone
derivative; a styrylanthracene derivative; a fluorenone deriva-
tive; a hydrazone derivative; a stilbene derivative; a silazane
derivative; an aromatic tertiary amine compound; a styry-
lamine compound; an aromatic dimethylidene-based com-
pound; a porphyrin-based compound; an anthraquin-
odimethane derivative; an anthrone derivative;, a
diphenylquinone derivative; a thiopyran dioxide derivative; a
carbodiimide derivative; a fluorenylidenemethane derivative;
a distyrylpyrazine derivative; aromatic ring tetracarboxylic
anhydrides of naphthalene, perylene, or the like; a phthalo-
cyanine derivative; various metal complexes typified by metal
complexes of a 8-quinolinol derivative, metal phthalocya-
nine, and metal complexes with benzoxazole or benzothiaz-
ole as a ligand; polysilane compounds; a poly(N-vinylcarba-
zole) derivative; an aniline-based copolymer; electric
conductive polymers or oligomers such as a thiophene oligo-
mer and polythiophene; polymers such as a polythiophene
derivative, a polyphenylene derivative, a polyphenylenevi-
nylene derivative and a polyfluorene derivative; and like.
These compounds can be used alone or in a combination of
two or more of them.

[0132] A content of the host material in the light-emitting
layer is preferably in a range of from 0% by weight to 99.9%
by weight and more preferably in a range of 0% by weight to
99.0% by weight.

[0133] 5) Blocking Layer

[0134] In the present invention, a blocking layer may be
disposed between the light-emitting layer and the electron
transport layer. The blocking layer is a layer that inhibits
excitons generated in the light-emitting layer from diffusing
and holes from penetrating to a cathode side.

[0135] A material that is used in the blocking layer may be
a general electron transporting material, as long as it can
receive electrons from the electron transport layer and deliver
them to the light-emitting layer, without being particularly
limited. Examples thereof include a triazole derivative; an
oxazole derivative; an oxadiazole derivative; a fluorenone
derivative; an anthraquinodimethane derivative; an anthrone
derivative; a diphenylquinone derivative; a thiopyran dioxide
derivative; a carbodiimide derivative; a fluorenyliden-
emethane derivative; a distyrylpyrazine derivative; aromatic
ring tetracarboxylic anhydrides of naphthalene, perylene, or
the like; a phthalocyanine derivative; various metal com-
plexes typified by metal complexes of a 8-quinolinol deriva-
tive, metal phthalocyanine, and metal complexes with ben-
zoxazole or benzothiazole as a ligand; electric conductive
polymers or oligomers such as an aniline-based copolymer, a
thiophene oligomer and polythiophene; and polymes such as
a polythiophene derivative, a polyphenylene derivative, a
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polyphenylenevinylene derivative and a polyfluorene deriva-
tive. These can be used alone or in a combination of two or
more of them.

[0136] 6) Electron Transport Layer

[0137] Inthe present invention, an electron transport layer
including an electron transporting material can be disposed.
[0138] Theelectron transporting material can be used with-
out particular limitation, as long as it has either one of a
fanction of transporting electrons or a function of blocking
holes injected from the an anode. The electron transporting
materials that are described above in the explanation of the
blocking layer can be preferably used.

[0139] A thickness of the electron transport layer is prefer-
ably from 10 nm to 200 nm and more preferably from 20 nm
to 80 nm.

[0140] When the thickness exceeds 200 nm, driving volt-
age increases in some cases. When it is less than 10 nm, the
light-emission efficiency of the light-emitting element may
be greatly deteriorated, which is not preferable.

[0141]

[0142] In the present invention, an electron injection layer
can be disposed between the electron transport layer and the
cathode.

[0143] The electron injection layer is a layer by which
electrons can be readily injected from the cathode to the
electron transport layer. Specifically, lithium salts such as
lithium fluoride, lithium chloride and lithium bromide; alkali
metal salts such as sodium fluoride, sodium chloride and
cesium fluoride; and electrically insulating metal oxides such
as lithium oxide, aluminum oxide, indium oxide and magne-
sium oxide can be preferably used.

[0144] A film thickness of the electron injection layer is
preferably from 0.1 nm to 5 nm.

[0145] 8) Substrate

[0146] The substrate to be applied in the present invention
is preferably impermeable to moisture or very slightly per-
meable to moisture. Furthermore, the substrate preferably
does not scatter or attenuate light emitted from the organic
compound layer. Specific examples of materials for the sub-
strate include inorganic materials such as YSZ (zirconia-
stabilized yttrium) and glass; and organic materials including
polyesters such as polyethylene terephthalate, polybutylene
phthalate and polyethylene naphthalate, and synthetic resins
such as polystyrene, polycarbonate, polyethersulfone, pol-
yarylate, aryldiglycolcarbonate, polyimide, polycycloolefin,
norbornene resin, poly(chlorotrifluoroethylene), and the like.

[0147] In the case of employing an organic material, it is
preferred to use a material excellent in heat resistance, dimen-
sional stability, solvent resistance, electric insulation perfor-
mance, workability, low gass-permeability, and low mois-
ture-absorption. These can be used alone or in a combination
of two or more of them.

[0148] There is no particular limitation as to the shape, the
structure, the size and the like of the substrate, but it may be
suitably selected according to the application, the purposes
and the like of the light-emitting element. In general, a plate-
like substrate is preferred as the shape of the substrate. The
structure of the substrate may be a monolayer structure or a
laminated structure. Furthermore, the substrate may be
formed from a single member or from two or more members.

[0149] Although the substrate may be transparent and col-
orless, or transparent and colored, it is preferred that the

7) Electron Injection Layer
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substrate is transparent and colorless from the viewpoint that
the substrate does not scatter or attenuate light emitted from
the light-emitting layer.

[0150] A moisture permeation preventive layer (gas barrier
layer) may be provided on the front surface or the back
surface (on the transparent electrode side) of the substrate.
For a material of the moisture permeation preventive layer
(gas barrier layer), inorganic substances such as silicon
nitride and silicon oxide may be preferably applied. The
moisture permeation preventive layer (gas barrier layer) may
be formed in accordance with, for example, a high-frequency
sputtering method or the like.

[0151] The substrate may have a hard-coat layer, an under-
coat layer or the like as necessary.

[0152] 9) Electrodes

[0153] Concerning the electrodes in the invention, either
one of the first electrode or the second electrode can be an
anodeora cathode. Itis preferable that the first electrode is the
anode and the second electrode is the cathode.

[0154] <Anode>

[0155] The anode in the present invention may generally
have a function as an anode for supplying holes to the organic
compound layer, and while there is no particular limitation as
to the shape, the structure, the size and the like of the anode,
it may be suitably selected from among well-known elec-
trodes according to the application and the purpose of the
light-emitting element.

[0156] As materials for the anode, for example, metals,
alloys, metal oxides, organic electric conductive compounds,
and mixtures thereof are preferably used, wherein those hav-
ing a work function of 4.0 eV or more are preferred. Specific
examples of the anode materials include semi-electric con-
ductive metal oxides such as tin oxides doped with antimony,
fluorine or the like (ATO and FTO), tin oxide, zinc oxide,
indium oxide, indium tin oxide (ITO), and indium zinc oxide
(1Z0O); metals such as gold, silver, chromium, and nickel,
mixtures or laminates of these metals and the electric con-
ductive metal oxides; inorganic electric conductive materials
such as copper iodide, and copper sulfide; organic electric
conductive materials such as polyaniline, polythiophene, and
polypyrrole; and laminates of these inorganic or organic elec-
tric conductive materials with ITO.

[0157] The anode may be formed on the substrate, for
example, in accordance with a method which is appropriately
selected from among wet methods such as a printing method,
a coating method and the like; physical methods such as a
vacuum deposition method, a sputtering method, an ion plat-
ing method and the like; and chemical methods such as CVD
and plasma CVD methods and the like in consideration of the
suitability to a material constituting the anode. For instance,
when ITO is selected as a material for the anode, the anode
may be formed in accordance with a DC or high-frequency
sputtering method, a vacuum deposition method, an ion plat-
ing method or the like. Further, when an organic electric
conductive compound is selected as a material for the anode,
the anode may be formed in accordance with a wet film
forming method.

[0158] A position at which the anode is to be formed in the
light-emitting element is not particularly limited, but it may
be suitably selected according to the application and the pur-
pose of the light-emitting element. The anode may be formed
on either the whole surface or a part of the surface on either
side of the substrate.
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[0159] For patterning to form the anode, a chemical etching
method such as photolithography, a physical etching method
such as etching by laser, a method of vacuum deposition or
sputtering through superposing masks, and a lift-off method
or a printing method may be applied.

[0160] A thickness of the anode may be suitably selected
depending on the material constituting the anode, and is not
definitely decided, but it is usually in a range of from 10 nm
to 50 pm, and more preferably from 50 nm to 20 um.

[0161] A value of electric resistance of the anode is prefer-
ably 10® /[ or less, and more preferably 10* /7 or less.
[0162] The anode may be colorless and transparent or col-
ored and transparent. For extracting luminescence from the
transparent anode side, it is preferred that a light transmit-
tance of the anode is 60% or higher, and more preferably 70%
or higher. The light transmittance in the present invention can
be measured by means well known in the art using a spectro-
photometer.

[0163] Concerning the anode, there is a detailed description
in “TOUMEI DENNKYOKU-MAKU NO SHINTENKAI
(Novel Developments in Transparent Electrode Films)”
edited by Yutaka Sawada and published by C.M.C. in 1999,
the contents of which are incorporated by reference herein. In
the case where a plastic substrate of a low heat resistance is
applied, it is preferred that ITO or IZO is used to obtain an
anode prepared by forming the film at a low temperature of
150° C. or lower.

[0164] <Cathode>

[0165] The cathode in the present invention may generally
have a function as an electrode for injecting electrons to the
organic compound layer, and there is no particular limitation
as to the shape, the structure, the size and the like. Accord-
ingly, the cathode may be suitably selected from among well-
known electrodes according to the application and purposes
of the light-emitting element.

[0166] As the materials constituting the cathode, for
example, metals, alloys, metal oxides, electric conductive
compounds, and mixtures thereof may be used, wherein
materials having a work function of 4.5 eV or less are pre-
ferred. Specific examples thereof include alkali metals (e.g.,
Li, Na, K, Cs or the like); alkaline earth metals (e.g., Mg, Ca
or the like); gold; silver; lead; aluminum; sodium-potassium
alloys; lithium-aluminum alloys; magnesium-silver alloys;
rare earth metals such as indium and ytterbium; and the like.
They may be used alone, but it is preferred that two or more of
them are used in combination from the viewpoint of satisfy-
ing both of stability and electron injectability.

[0167] Among these, as the materials for constituting the
cathode, alkaline metals or alkaline earth metals are preferred
in view of electron injectability, and materials containing
aluminum as the major component are preferred in view of
excellent preservation stability. The term “material contain-
ing aluminum as the major component” refers to a material
that material exists in the form of aluminum alone; alloys
comprising aluminum and 0.01% by mass to 10% by mass of
an alkaline metal or an alkaline earth metal; or mixtures
thereof (e.g., lithium-aluminum alloys, magnesium-alumi-
num alloys and the like).

[0168] As for materials for the cathode, they are described
in detail in JP-A Nos. 2-15595 and 5-121172, the contents of
which are incorporated by reference herein.

[0169] A method for forming the cathode is not particularly
limited, but it may be formed in accordance with a well-
known method. For instance, the cathode may be formed on
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the substrate described above in accordance with a method
which is appropriately selected from among wet methods
such as a printing method, a coating method and the like;
physical methods such as a vacuum deposition method, a
sputtering method, an ion plating method and the like; and
chemical methods such as CVD and plasma CVD methods
and the like, while taking the suitability to a material consti-
tuting the cathode into consideration.

[0170] For example, when a metal (or metals) is (are)
selected as a material (or materials) for the cathode, one or
two or more of them may be applied at the same time or
sequentially in accordance with a sputtering method or the
like.

[0171] For patterning to form the cathode, a chemical etch-
ing method such as photolithography, a physical etching
method such as etching by laser, a method of vacuum depo-
sition or sputtering through superposing masks, and a lift-off
method or a printing method may be applied.

[0172] In the present invention, a position at which the
cathode is to be formed in the organic electroluminescence
element is not particularly limited, and it may be suitably
selected according to the application and the purpose of the
light-emitting element. The cathode is preferably formed on
the organic compound layer. In this case, the cathode may be
formed on either the whole or a part of the organic compound
layer.

[0173] Furthermore, a dielectric material layer made of a
fluoride or the like of an alkaline metal or an alkaline earth
metal may be inserted between the cathode and the organic
compound layer with a thickness of from 0.1 nm to 5 nm.

[0174] A thickness of the cathode may be suitably selected
depending on the materials for constituting the cathode and is
not definitely decided, but it is usually in a range of from 10
nm to 5 um, and preferably from 50 nm to 1 pum.

[0175] Moreover, the cathode may be transparent or
opaque. The transparent cathode may be formed by preparing
amaterial for the cathode with a small thickness of from 1 nm
to 10 nm, and further laminating a transparent electric con-
ductive material such as ITO or [ZO thereon.

[0176]

[0177] In the present invention, the whole organic EL ele-
ment may be protected by a protective layer.

[0178] A material contained in the protective layer may be
one having a function to prevent penetration of substances
such as moisture and oxygen, which accelerate deterioration
of the element, into the element.

[0179] Specific examples thereof include metals such as In,
Sn, Pb, Au, Cu, Ag, Al, Ti, Ni and the like; metal oxides such
as MgO, SiO, Si0,, Al,O;, GeO, NiO, Ca0, BaO, Fe,0,,
Y,0;, TiO; and the like; metal nitrides such as SiN,, SiN, O,
and the like; metal fluorides such as MgF,, LiF, AlF;, CaF,
and the like; polyethylene; polypropylene; polymethyl meth-
acrylate; polyimide; polyurea; polytetrafluoroethylene; poly-
chlorotrifluoroethylene;  polydichlorodifluoroethylene; a
copolymer of chlorotrifluoroethylene and dichlorodifluoro-
ethylene; copolymers obtained by copolymerizing a mono-
mer mixture containing tetrafluoroethylene and at least one
comonomer; fluorine-containing copolymers each having a
cyclic structure in the copolymerization main chain; water-
absorbing materials each having a coefficient of water

10) Protective Layer
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absorption of 1% or more; moisture permeation preventive
substances each having a coefficient of water absorption of
0.1% or less; and the like.

[0180] There is no particular limitation as to a method for
forming the protective layer. For instance, a vacuum deposi-
tion method, a sputtering method, a reactive sputtering
method, an MBE (molecular beam epitaxial) method, a clus-
ter 1on beam method, an ion plating method, a plasma poly-
merization method (high-frequency excitation ion plating
method), a plasma CVD method, a laser CVD method, a
thermal CVD method, a gas source CVD method, a coating
method, a printing method, or a transfer method may be

applied.
[0181] 11) Sealing
[0182] The whole organic electroluminescence element of

the present invention may be sealed with a sealing cap.
[0183] Furthermore, a moisture absorbent or an inert liquid
may be used to seal a space defined between the sealing cap
and the light-emitting element. The moisture absorbent is not
particularly limited. Specific examples thereof include
barium oxide, sodium oxide, potassium oxide, calcium oxide,
sodium sulfate, calcium sulfate, magnesium sulfate, phos-
phorus pentoxide, calcium chloride, magnesium chloride,
copper chloride, cesium fluoride, niobium fluoride, calcium
bromide, vanadium bromide, molecular sieve, zeolite, mag-
nesium oxide and the like. Although the inert liquid is not
particularly limited, specific examples thereof include paraf-
fins; liquid paraffins; fluorine-based solvents such as perfluo-
roalkanes, perfluoroamines, perfluoroethers and the like;
chlorine-based solvents; silicone oils; and the like.

[0184] 12) Method for Producing Element

[0185] The respective layers that constitute the element in
the present invention can be preferably formed by any method
of dry film forming methods such as a vapor deposition
method and a sputtering method, and wet film forming meth-
ods such as a dipping method, a spin coating method, a dip
coating method, a casting method, a die coating method, aroll
coating method, a bar coating method and a gravure coating
method.

[0186] Among these, from the viewpoints of light-emission
efficiency and durability, the dry film forming methods are
preferable. In the case of the wet film forming methods, a
residual coating solvent unfavorably damages the light-emit-
ting layer.

[0187] Particularly preferably, a resistance heating vacuum
deposition method is used. In the resistance heating vacuum
deposition method, since only a substance that can be tran-
spired by heating under a vacuum atmosphere can be effi-
ciently heated, whereby the element is not exposed to a high
temperature, the element is advantageously subjected to less
damage.

[0188] The vacuum deposition method is a method in
which, in a vacuumed vessel, a deposition material is heated
to vaporize or sublimate to deposit on a surface of an adherend
disposed at a slightly distanced position to form a thin film.
Depending on the kind of the deposition material and the
adherend, resistance heating, an electron beam, high-fre-
quency induction, laser or the like is used to carry out heating.
Among these, the one that can form a layer at the lowest
temperature is the resistance heating vacuum deposition
method. Although it cannot form a layer with a material
having a high sublimation temperature, all materials that have
a low sublimation temperature can form a layer in a state
where the adherent material is hardly thermally affected.
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[0189] Thematerial for sealing film in the present invention
is characterized in that it can form a layer by means of the
resistance heating vacuum deposition method. A conven-
tional sealing material such as silicon oxide, being high in
sublimation temperature, has been impossible to deposit by
means of resistance heating. Furthermore, in a vacuum depo-
sition method such as an ion plating method generally
described in known examples, since a vaporizing portion
becomes such a high temperature as several thousands of
degrees centigrade to adversely thermally affect and modify
an adherent material, this method is not appropriate as a
method of producing a sealing film of an organic EL element
that is particularly easily affected by heat and UV rays.
[0190] 13) Driving Method

[0191] In the organic electroluminescence element of the
present invention, when a DC (AC components may be con-
tained as occasion arises) voltage (usually 2 volts to 15 volts)
or DC is applied across the anode and the cathode, lumines-
cence can be obtained.

[0192] For the driving method of the organic electrolumi-
nescence element of the present invention, the driving meth-
ods described in JP-A Nos. 2-148687, 6-301355, 5-29080,
7-134558, 8-234685, and 8-241047; Japanese Patent No.
2784615, U.S. Pat. Nos. 5,828,429 and 6,023,308 are appli-
cable.

APPLICATION OF THE COLOR DISPLAY OF
THE PRESENT INVENTION

[0193] The color display of the present invention can be
appropriately used in wide fields including displays for
mobile phone, personal digital assistants (PDAs), computer
displays, car information displays, TV monitors, and general
illuminations.

[0194] All publications, patent applications, and technical
standards mentioned in this specification are herein incorpo-
rated by reference to the same extent as if each individual
publication, patent application, or technical standard was spe-
cifically and individually indicated to be incorporated by
reference.

EXAMPLES

[0195] In the following, the invention will be explained by
examples thereof, but the invention is by no means limited by
such examples.

Example 1

[0196] The production method of the invention will be
described with reference to the drawings. FIG. 9 illustrates
production processes in accordance with a process order. The
structure obtained is illustrated in FIG. 6.

[0197] (1) Agis vapor deposited to have a thickness of 20
nm on a glass substrate 1 to form a layer that partially
transmits light and partially reflects light 2.

[0198] (2) A transparent electric insulating layer 3 (optical
path length-adjusting layer) is formed on the upper surface
of the layer that partially transmits light and partially
reflects light 2, while varying the film thickness according
to the position of each of R, G, and B sub-pixels as
described below. Simultaneously, a transparent electric
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insulating layer 3 is formed while varying the film thick-
ness, similarly as in each of the R, G, and B sub-pixels,
according to the position of each of the R, G, and B sub-
sub-pixels obtained by dividing an area at the position of a
W sub-pixel into R, G, and B areas.

[0199] Material: SION
[0200] Film forming method: ion plating method
[0201] Thickness: 230 nm of R portion, 170 nm of G por-

tion, 120 nm of B portion

[0202] (3) A transparent electrode (ITO, 100 nm) is formed
as a first electrode 4 by patterning to each sub-pixel on the
upper surface of the optical path length-adjusting layer 3.

[0203] (4) An organic electroluminescence layer 5 that
emits a white light is consistently formed on the upper surface
of the transparent electrode 4, in common to the R, G, B, and
W sub-pixels in the following order by a vacuum film forming
method.
[0204]
[0205] Hole injection layer: 4,4'4"-tris(2-naphthylpheny-
lamino)triphenylamine (abbreviated as 2-TNATA) and
F4-TCNQ (tetrafluorotetracyanoquinodimethane) are vapor
codeposited so that F4-TCNQ is included in an amount of
1.0% by weight with respect to 2-TNATA. The film thickness
is 50 nm.

[0206] Hole transport layer: N,N'-dinaphthyl-N,N'-diphe-
nyl-[1,1'-biphenyl]-4,4'-diamine (abbreviated as o-NPD) is
formed at a film thickness of 10 nm.

[0207] Light-emitting layer: four elements of 1,3-bis(car-
bazol-9-yl}benzene (abbreviated as mCP), a light-emitting
material A, a light-emitting material B, and a light-emitting
material C are vapor codeposited, so that the light-emitting
material A is included in an amount of 15% by weight, the
light-emitting material B is included in an amount of 0.13%
by weight, and the light-emitting material C is included in an
amount of 0.13% by weight with respect to mCP. The film
thickness is 30 nm.

[0208] Electron transport layer: aluminium (I1T) bis-(2-me-
thyl-8-quinolinato)-4-phenylphenolate  (abbreviated  as
BAlq) is formed at a film thickness of 40 nm.

[0209] Electron injection layer: LiF (lithium fluoride) is
formed at a film thickness of 0.5 nm.

[0210] The structures of the compounds used in examples
are shown below.

<Structure of Electroluminescence Layer>

a-NPD
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-continued -continued

G

2-TNATA
Light-emitting material C
[0211] (5) A light reflection electrode (Al, 100 nm) is
NC CN formed as a second electrode 6 by a vacuum film forming
| method.
F F [0212] The obtained organic electroluminescence layer

formation area is sealed, and each electrode is connected to an

external signal controller.
F F [0213] Thus, one pixel in which a bottom emission organic

| EL element is incorporated is formed.

[0214] A display surface is formed by arranging a plurality
of pixels containing the R, G, B, and W sub-pixels. By selec-
FA-TCNQ tively emitting light at each sub-pixel, an image is formed on
the display surface. In such a case, the spectral properties of
the light emitted from the W sub-pixel are different from
those of the white organic electroluminescence layer itself,
and spectral properties according to the R, G, and B optical

resonators formed in the W sub-pixel by area division are
obtained. In each colored light emitted from each of the R, G,
N N and B optical resonators in the W sub-pixel, the brightness

NC CN

balance is designed depending on the area, and emission at W
sub-pixel lighting is adjusted near a CIE color coordinate
(0.31,0.31).
[0215] The light emitted in the organic electrolumines-
cence layer 5 by applying an electric current resonates
mCP between the layer that partially transmits light and partially
reflects light 2 and the light reflection electrode 6, and the R,
G, and B lights transmit through the substrate 1 to be emitted
to the outside. In the W sub-pixel unit, the resonated R, G, and
B lights are mixed to be observed as a white light.

[0216] According to the above-described production
MI—0 method, the R, G, B sub-pixels and the R, G, and B sub-sub-

pixels are formed of the same material for each same color,
except that the thickness of the optical path length-adjusting
layer is different from each other. In particular, the organic
electroluminescence layer is common and can be consistently
formed, and thus the necessity of individually forming for
each sub-pixel is eliminated, the production process thereof’is
simplified, the productivity increases, and high definition is
easily achieved.

BAlq
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Example 2

[0217] By reversing the lamination order of the transparent
electrode/the white organic electroluminescence layer/the
light reflection electrode in Example 1, a top emission struc-
ture in which light is emitted to the upper surface can be
formed. FIG. 10 illustrates production processes in accor-
dance with a process order. The structure obtained is illus-
trated in FI1G. 7.

[0218] On a substrate 11, a light reflection electrode 14
patterned to R, G, B, and W sub-pixel areas/an organic elec-
troluminescence layer 15/a transparent electrode 16 are pre-
pared. Specifically, the light reflection electrode 14 is formed
by a vacuum film forming method using Al in such a manner
as to have a thickness of 100 nm. The organic electrolumi-
nescence layer 15 which emits a white light has a similar
composition to that of the organic electroluminescence layer
5 which emits a white light of Example 1 and is obtained by
reversing the lamination order. The transparent electrode 16 is
formed by a vacuum deposition method using ITO in such a
manner as to have a thickness of 100 nm.

[0219] Subsequently, in a similar manner to that described
in Example 1(2) above, an electric insulating layer 13 is
formed on the transparent electrode 16 as an optical path
length-adjusting layer while varying the film thickness
according to the position of each of the R G, B sub-pixels and
each of the R, G, and B sub-sub-pixels so that a resonator is
formed.

[0220] Material: SiON
[0221] Film forming method: ion plating method
[0222] Thickness: 230 nm of R portion, 170 nm of G por-

tion, 120 nm of B portion

[0223] Subsequently, Ag is vapor deposited as a layer that
partially transmits light and partially reflects light 12 in such
a manner as to have a thickness of 20 nm.

[0224] The obtained organic electroluminescence layer
formation area is sealed, and each electrode is connected to an
external signal controller.

[0225] Thus, one pixel in which a top emission organic EL
element is incorporated is formed.

[0226] A display surface is formed by arranging a plurality
of pixels containing the R, G, B, and W sub-pixels. By selec-
tively emitting light at each sub-pixel, an image is formed on
the display surface. In such a case, the spectral properties of
the light emitted from the W sub-pixel are different from
those of the white organic electroluminescence layer itself,
and spectral properties according to the R, G, and B optical
resonators formed in the W sub-pixel by area division are
obtained. In each colored light emitted from each of the R, G,
and B optical resonators in the W sub-pixel, the brightness
balance is designed depending on the area, and emission at W
sub-pixel lighting is adjusted near a CIE color coordinate
(0.31,0.31).

[0227] The light emitted in the organic electrolumines-
cence layer 15 by applying an electric current. resonates
between the layer that partially transmits light and partially
reflects light 12 and the light reflection electrode 14, and the
R, G, and B lights transmit through the layer that partially
transmits light and partially reflects light 12 to be emitted to
the outside. In the W sub-pixel unit, the resonated R, G, and B
lights are mixed to be observed as a white light.

Example 3

[0228] A modification example of a top emission structure
of Example 2 is described. FIG. 11 illustrates production

Mar. 4, 2010

processes in accordance with a process order. The structure
obtained is illustrated in FIG. 8.

[0229] On a substrate 21, a light reflection layer 22 is
formed, and thereafter, in a similar manner to that described
in Example 1(2) above, an electric insulating layer 23 is
formed as an optical path length-adjusting layer while vary-
ing the film thickness according to the position of each of the
R G, B sub-pixels and each of the R, G, and B sub-sub-pixels
so that a resonator is formed.

[0230] Material: SION
[0231] Film forming method: ion plating method
[0232] Thickness: 230 nm of R portion, 170 nm of G por-

tion, 120 nm of B portion

[0233] Ontheelectric insulating layer 23, a patterned trans-
parent electrode 24 is prepared to be divided to each of the
sub-pixels.

[0234] Subsequently. an organic electroluminescence layer
25 that emits a white light is consistently formed on the upper
surface of the transparent electrode 24. The organic electrolu-
minescence layer 25 has a similar composition to that of the
organic electroluminescence layer 5 which emits a white light
of Example 1, and is obtained by reversing the lamination
order. Inaddition, an Allayer is added in a thickness of 1.5 nm
on the electron injection layer LiF to form an electron injec-
tion layer in combination.

[0235] On the organic electroluminescence layer which
emits a white light, an electrode that partially transmits light
and partially reflects light 26 (Ag, 20 nm) is formed.

[0236] The obtained organic electroluminescence layer
formation area is sealed, and each electrode is connected to an
external signal controller.

[0237] Thus, one pixel in which a top emission organic EL
element is incorporated is formed.

[0238] A display surface is formed by arranging a plurality
of pixels containing the R, G, B, and W sub-pixels. By selec-
tively emitting light at each sub-pixel, an image is formed on
the display surface. In such a case, the spectral properties of
the light emitted from the W sub-pixel are different from
those of the white organic electroluminescence layer itself,
and spectral properties according to the R, G, and B optical
resonators formed in the W sub-pixel by area division are
obtained. In each colored light emitted from each of the R, G,
and B optical resonators in the W sub-pixel, the brightness
balance is designed depending on the area, and emission at W
sub-pixel lighting is adjusted near a CIE color coordinate
(0.31,0.31).

[0239] The light emitted in the organic electrolumines-
cence layer 25 by applying an electric current, resonates
between the electrode that partially transmits light and par-
tially reflects light 26 and the light reflection layer 22, and the
R, G, and B lights transmit through the electrode that partially
transmits light and partially reflects light 26 to be emitted to
the outside. In the W sub-pixel unit, the resonated R, G, and B
lights are mixed to be observed as a white light.

[0240] According to the above-described production meth-
ods of Examples 1 to 3, a white light emitted from the W
sub-pixel unit is formed of a mixture of the resonated R, G,
and B lights, and hue variation arising depending on the
direction in which the display surface is observed is pre-
vented.

[0241] Moreover, as all the light components ofthe R, G, B,
and W sub-pixels have a narrow wavelength distribution and
an extremely high brightness, color purity of each light
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increases (a chromaticity band is broadened), and excellent

color reproduction can be achieved.

[0242] According to the production method of the inven-

tion, the organic electroluminescence layer can be consis-

tently formed with the same composition and, moreover, the

optical resonator of the W sub-pixel is formed by the same

process as that of the optical resonators of the R, G, and B

sub-pixels, and thus, the production process is simple, and

high definition is easily achieved.

[0243] Reference numerals used in Figures of the invention

are explained below.

[0244] 1,11, 21: Substrate

[0245] 2, 12, 26: Layer that partially transmits light and

partially reflects light (Electrode that partially transmits light

and partially reflects light)

[0246] 3,13, 23: Optical path length-adjusting layer (Elec-
tric insulating layer)

[0247] 4, 16, 24: Transparent electrode

[0248] 5, 15, 25: Organic electroluminescence layer

[0249] 6, 14, 22: Light reflection layer (Light reflection
electrode)

What is claimed is:

1. A color display comprising a plurality of pixels on a
substrate, each pixels being area-divided into plural sub-pix-
els including at least two sub-pixels that each emit colored
light of different wavelengths and a white sub-pixel, wherein
the at least two sub-pixels and the white sub-pixel each have
at least an optical path length-adjusting layer and an organic
electroluminescence layer interposed between a layer that
partially transmits light and partially reflects light and a light
reflection layer to form a resonator structure.

2. The color display according to claim 1, wherein the
white sub-pixel is area-divided into at least two sub-sub-
pixels that each emit colored light of different wavelengths,
and the at least two sub-sub-pixels each form a resonator
structure.

3. The color display according to claim 1, wherein the at
least two sub-pixels include at least three sub-pixels including
ared sub-pixel, a green sub-pixel and a blue sub-pixel, and the
white sub-pixel includes three sub-sub-pixels of a red sub-
sub-pixel, a green sub-sub-pixel and a blue sub-sub-pixel.

4. The color display according to claim 3, wherein the
resonator structures of the red sub-pixel, the green sub-pixel,
and the blue sub-pixel and the resonator structures of the red
sub-sub-pixel, the green sub-sub-pixel, and the blue sub-sub-
pixel are respectively substantially the same for each same
color.

5. The color display according to claim 1, wherein the
organic electroluminescence layers of the at least two sub-
pixels and the white sub-pixel are layers that each emit awhite
light, and comprise substantially the same composition as
each other.

6. The color display according to claim 1, wherein the
optical path length-adjusting layer is formed of an inorganic
electric insulating material.
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7. The color display according to claim 3, wherein the
optical path length-adjusting layers of the red sub-pixel, the
green sub-pixel, the blue sub-pixel, the red sub-sub-pixel, the
green sub-sub-pixel, and the blue sub-sub-pixel comprise
substantially the same material as each other and are different
in thickness.

8. The color display according to claim 3, wherein the
organic electroluminescence layers of the red sub-pixel, the
green sub-pixel, the blue sub-pixel, the red sub-sub-pixel, the
green sub-sub-pixel, and the blue sub-sub-pixel respectively
comprise layers that emit a white light and have substantially
the same composition as each other, and the optical path
length-adjusting layers of the red sub-pixel, the green sub-
pixel, the blue sub-pixel, the red sub-sub-pixel, the green
sub-sub-pixel, and the blue sub-sub-pixel comprise substan-
tially the same material as each other and are different in
thickness.

9. A method for producing a color display in which a
plurality of pixels is formed on a substrate, each pixel being
area-divided into plural sub-pixels including at least two sub-
pixels that each emit colored light of different wavelengths
and a white sub-pixel, wherein the white sub-pixel is area-
divided into at least two sub-sub-pixels that each emit colored
light of different wavelengths, and the at least two sub-pixels
and the at least two sub-sub-pixels each form a resonator
structure, the resonator structure having at least an optical
path length-adjusting layer and an organic electrolumines-
cence layer interposed between alayer that partially transmits
light and partially reflects light and a light reflection layer, in
which the organic electroluminescence layer is a white light-
emitting layer, the method comprising:

successively forming the organic electroluminescence lay-

ers of the at least two sub-pixels and the at least two
sub-sub-pixels with substantially the same composition;
successively forming the optical path length-adjusting lay-
ers of the at least two sub-pixels and the at least two
sub-sub-pixels with substantially the same material; and
adjusting a wavelength of light to be emitted by a thickness
of the optical path length-adjusting layer.

10. The method for producing a color display according to
claim 9, wherein the at least two sub-pixels include at least
three sub-pixels including a red sub-pixel, a green sub-pixel
and a blue sub-pixel, and the white sub-pixel includes three
sub-sub-pixels of a red sub-sub-pixel, a green sub-sub-pixel
and a blue sub-sub-pixel.

11. The method for producing a color display according to
claim 10, wherein the thickness of each of the optical path
length-adjusting layers of the red sub-pixel, the green sub-
pixel, and the blue sub-pixel and the thickness of each of the
optical path length-adjusting layers of the red sub-sub-pixel,
the green sub-sub-pixel, and the blue sub-sub-pixel are sub-
stantially the same for each same color.

12. The method for producing a color display according to
claim 9, wherein the optical path length-adjusting layer is
formed of an inorganic electric insulating material.
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