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DISPLAY UNIT, METHOD OF
MANUFACTURING SAME, ORGANIC LIGHT
EMITTING UNIT, AND METHOD OF
MANUFACTURING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Document Nos. 2003-327497 filed on Sep. 19, 2003; 2003-
328989 filed on Sep. 19, 2003; and 2004-261506 filed on Sep.
8, 2004, the disclosures of which are herein incorporated by
reference.

The present invention relates to a display unit, a manufac-
turing method thereof, an organic light emitting unit, and a
manufacturing method thereof. The present invention par-
ticularly relates to a surface light emitting type display unit, in
which light emitting devices such as an organic EL device are
arranged and formed on the substrate and a desired light
emitting color can be selectively extracted, a manufacturing
method thereof, an organic light emitting unit, and a manu-
facturing method thereof.

In recent years, as a display unit taking the place of the
cathode ray tube (CRT), research and development of light
weighted and small flat display units with small electric
power consumption has been actively implemented. Of the
foregoing, a display unit using an organic light emitting unit
including a self-light emitting display device (so-called light
emitting device) such as an inorganic EL device and an
organic EL device attracts attention as a display unit capable
of being driven with low electric power consumption.

As a configuration for providing a full-color display unit
using such light emitting devices, for example, (1) a configu-
ration in which light emitting devices for emitting blue light,
green light, and red light are arranged, (2) a configuration in
which a color filter is combined with a white light emitting
device, (3) a configuration in which a color conversion filter is
combined with a white light emitting device or a blue light
emitting device and the like have been proposed.

Of the foregoing, in the configuration (1), a configuration
in which high efficiency by interference of light extracted
from each light emitting device is attained by adjusting the
film thickness of the transparent electrode on the glass sub-
strate on the light extraction side for every blue, green, and red
light emitting device has been further proposed (refer to Japa-
nese Unexamined Patent Application Publication No. 2003-
142277).

Further, in the configuration (1), it is proposed that a light
emitting device structure in which a function layer including
a light emitting layer is sandwiched between a reflecting
electrode and a semi-transparent material layer is adopted,
and a resonator structure in which light generated in the light
emitting layer is multiple-interfered between the reflecting
electrode and the semi-transparent material layer and is
extracted from the semi-transparent material layer side is
used. By adopting such a configuration, color purity of
extracted light can be improved, and extraction intensity in
the vicinity of the central wavelength of resonance can be
improved. Therefore, in the display unit in which light emit-
ting devices having the peak in the respective blue, green and
red wavelengths are arranged in parallel, when the display
unit is structured by setting the optical distance of the reso-
nator structure in the respective light emitting devices accord-
ing to the wavelengths of extracted light from the respective
blue, green, and red light emitting devices, improvement of
front luminance and improvement of color purity have been
attained. Further, by extracting emitted light through color
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filters, high quality display units with still higher color purity
and small view angle dependence, in which contrast lowering
due to panel surface reflection is prevented has been attained
(refer to International Publication No. WO01-039554).

For the configuration for obtaining a full-color display unit
using light emitting devices, some related arts have been
proposed. Specifically, in order to improve emission effi-
ciency of light emitted from the light emitting devices, the
technique to change, of the function layer including a light
emitting layer, the thickness of layers other than the light
emitting layer for each color has been known (refer to Japa-
nese Unexamined Patent Application Publication No. 2000-
323277). In the configuration, based on the difference in
thickness among layers other than the light emitting layer,
thatis, based on the difference in light path lengths in the light
emission process, light emission efficiency is improved for
every color by utilizing light interference phenomenon. Fur-
ther, in order to lower resistance of the electrode layer (trans-
parent electrode), the technique to insert a metal film (for
example, silver (Ag) being 50 nm or less thick) in the elec-
trode layer has been known (refer to Japanese Unexamined
Patent Application Publication No. 2002-324792). In the con-
figuration, resistance of the electrode layer is lowered by
utilizing conductivity characteristics of the metal thin film.
Further, in order to effectively generate high-luminance white
light, the technique in which a light emitting layer is struc-
tured by layering a blue light emitting layer for generating
blue light, a green light emitting layer for emitting green light,
and a red light emitting layer for generating red light has been
known (refer to Japanese Unexamined Patent Application
Publication No. H10-003990). In the configuration, based on
the structural characteristics of the light emitting layer struc-
tured by layering the blue light emitting layer, the green light
emitting layer, and the red light emitting layer, white light
luminance is improved, and generation efficiency of the white
light is improved.

However, in the foregoing configuration according to (1),
since the respective light emitting devices for emitting blue
light, green light, and red light are arranged on the substrate,
the light emitting layer and the function layer including the
light emitting layer in the light emitting device of each color
should be respectively formed. For example, when organic
EL devices are used as a light emitting device, not only the
light emitting layer, but also the function layer of the electron
injection layer, the electron transport layer, the hole injection
layer, and the hole transport layer should be respectively
designed according to the light emitting layers in some cases.
Therefore, designing and forming the function layer in the
light emitting device of each color have been very compli-
cated. Further, in manufacturing such a light emitting device,
the function layer including the light emitting layer is pattern
formed by vapor deposition or coating using a metal mask,
furthermore by inkjet. However, when vapor deposition or
coating using a metal mask is performed, there is a limit of
alignment accuracy of the metal mask. When inkjet is used,
there is a limit of the patterning precision. Therefore, it is hard
to miniaturize and jumboize the light emitting device and
space between the light emitting devices. Further, the forego-
ing limits are the cause of preventing realization of the display
unit capable of higher definition display.

Meanwhile, in the configurations of (2) and (3), since light
in the same wavelength region may be emitted in each light
emitting device, it is not necessary to separately form the
function layer including the light emitting layer for every
color. Therefore, the manufacturing steps including design-
ing each light emitting device is simpler than of the configu-
ration according to (1). However, in the configuration of (2),
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the color filter absorbs unnecessary light emitting compo-
nent, and therefore light emission efficiency is lowered, lead-
ing to large load on the electric power consumption and
device life. Further, it is difficult to provide filtering white
light emission in the light emitting device into blue, green,
and red with favorable color purity by transmission charac-
teristics of the color filters capable of being mass-produced,
and only the display unit in which the extracted light has a
wide wavelength distribution and poor color reproducibility
can be produced. Further, in the configuration of (3), there are
problems of low conversion efficiency of the color conversion
filters. difficulty of manufacturing the color conversion filters,
life ofthe color conversion filters, color purity of emitted light
colors after color conversion and the like, and therefore it is
hard to put the configuration in practical use.

SUMMARY

In view of the foregoing, it is an object of the present
invention to provide a display unit in which designing and
manufacturing can be simplified by simpler light emitting
device structure, and high definition display and superior
color reproducibility are enabled, a manufacturing method
thereof, an organic light emitting unit, and a manufacturing
method thereof.

A display unit according to a first aspect of the present
invention for attaining such an object is a display unit,
wherein a plurality of light emitting devices in which a func-
tion layer including at least a light emitting layer is sand-
wiched between a mirror made of a light reflective material
and a light semi-transmissive half mirror, and which have a
resonator structure for resonating light emitted in the light
emitting layer by using a space between the mirror and the
half mirror as a resonant section and extracting the light from
the half mirror side are arranged on a substrate. Further, in
particular, in the respective light emitting devices, the light
emitting layer is made of an identical layer, and the optical
distance of the resonant section between the mirror and the
half mirror is set to a plurality of different values.

In the display unit with such a configuration, light in wave-
length regions corresponding to the optical distance of the
resonant section between the mirror and the half mirror set for
the respective light emitting devices is extracted in a state of
being intensified by resonance from the respective light emit-
ting devices having the light emitting layer made of the iden-
tical layer. Therefore, while the light emitting layer with the
identical structure is used, by designing the optical distance
between the mirror and the half mirror in the respective light
emitting devices so that extraction efficiency of desired light
emitting wavelengths becomes the maximum, light of differ-
ent light emission color with sufficient intensity is extracted
from the respective light emitting devices.

Therefore, by arranging the respective light emitting
devices, in which the optical distance between the mirror and
the half mirror is adjusted so that extraction of blue, green,
and red light emission becomes the maximum, a full-color
display unit can be obtained.

Further, by forming the light emitting layer of the respec-
tive light emitting devices from the identical layer, the whole
function layer including the light emitting layer can be an
identical structure. Therefore, it is not necessary to separately
form the whole function layer for every light emitting color of
the light emitting device, it is not necessary to set adjustment
tolerance between the respective function layers between the
light emitting devices necessary when the function layer is
separately formed, leading to a narrowed pitch between each
pixel.
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Further, when the whole function layer including the light
emitting layer is made of the identical layer, the mirror and the
half mirror are structured as an electrode, a transparent con-
ductive film is sandwiched together with the function layer
between the mirror and the half mirror, and the optical dis-
tance between the mirror and the half mirror is adjusted by the
transparent conductive film. The transparent electrode film is
pattern-formed by etching using as a mask resist patterns
formed by lithography process, and therefore favorable pat-
terning precision can be obtained compared to the function
layer requiring pattern formation by using a metal mask or by
inkjet.

Inparticular, since the reflectance of the half mirror is in the
range from 0.1% to less than 50%, effects of the resonant
structure can be appropriately inhibited. Therefore, in the
direct view type display unit, view angle dependence of lumi-
nance and chromaticity based on the resonator structure is
appropriately reduced. Specifically, when the reflectance of
the half mirror is 50% or more, resonant effect of the resona-
tor structure is too strong, and therefore the half value width
of the spectrum of light to be extracted from the resonant
section becomes too narrow, resulting in large view angle
dependence of the display unit. Meanwhile, when the reflec-
tance of the half mirror is in the range from 0.1% to less than
50%, the resonant effect of the resonator structure is appro-
priately inhibited, and therefore the half value width of the
spectrum of light to be extracted from the resonant section
becomes appropriately widened, resulting in small view
angle dependence of the display unit. That is, in order to
configure the display unit capable of displaying stably not
depending on the view angle, the reflectance of the half mirror
is preferably in the range from 0.1% to less than 50%, rather
than the range of 50% or more. Further, when the reflectance
of the half mirror is in the range from 0.1% to less than 50%,
by providing a color filter transmitting light in the wavelength
regions, which is resonated in the resonant section and
extracted from the half mirror side above the half mirror, view
angle dependence of luminance and chromaticity in the direct
view type display unit is further appropriately reduced by the
color filter, and therefore display performance is improved.

In addition to that the reflectance of the half mirror is in the
range from 0.1% to less than 50%, the color filter is provided
above the half mirror, the mirror and the half mirror are
structured as an electrode, and the transparent conductive
layer together with the function layer are sandwiched
between the mirror and the half mirror, when an optical dis-
tance L is in the range meeting the following formula (1) (in
the formula (1), ¢ represents a phase shift (radian) generated
when emitted light generated in the light emitting layer is
reflected on the both ends of the resonant section, I represents
an optical distance of the resonant section, and A represents a
peak wavelength of the spectrum of light desired to be
extracted among the light) and when an optical distance Lt is
set to meet the following formula (2) (in the formula (2), Lt
represents an optical distance of the transparent conductive
layer, and Lf represents an optical distance of the function
layer including the light emitting layer), the optical distances
Ltand Lfin the foregoing formula (2) are set so that the value
of m in the formula (1) meets one combination of m=0, 0, 0,
m=1,0,0,m=1,1,0,m=1,1,1,m=2,1,1,m=2, 2, 1,and m=2,
2, 2, respectively for the light emitting device for emitting
blue light of the light emitting devices, the light emitting
device for emitting green light of the light emitting devices,
and the light emitting device for emitting red light of the light
emitting devices. Thereby, view angle dependence of lumi-
nance and chromaticity is appropriately reduced while selec-
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tion of the light emitting wavelength and improvement of the
maximum wavelength by the resonator structure are secured.

(2L)/ M)/ 25)=m (m is an integer) [0y

Li=L-Lf @

A method of manufacturing the display unit according to
the first aspect of the present invention is a method of manu-
facturing the display unit with the foregoing configuration,
wherein after the mirror or the half mirror is formed in the
formation regions of the respective light emitting devices on
the substrate, a step of pattern-forming transparent conduc-
tive films with an optical distance different from each other
and a step of forming the light emitting layer in block are
performed in this order or in the order opposite thereof.

In such a manufacturing method, on the mirror or the half
mirror in the formation regions of the respective light emit-
ting devices, the light emitting device provided with a lami-
nation of the light emitting layer becoming the identical struc-
ture by being formed in block and the transparent conductive
film having a different optical distance is formed. Further,
since the light emitting layers are made as the identical layer
by forming in block, the whole function layer including the
light emitting layer can be formed in block, leading to reduc-
tion in the number of manufacturing steps including design-
ing the function layer.

In particular, the half mirror is formed so that the reflec-
tance is in the range from 0.1% to less than 50%. Therefore,
as described above, by appropriately inhibiting effects of the
resonator structure, view angle dependence of luminance and
chromaticity based on the resonator structure for the direct
view type display unit can be appropriately reduced.

Further, an organic light emitting unit according to the
present invention is an organic light emitting unit including
three organic light emitting devices provided on a substrate,
wherein the three organic light emitting devices have a struc-
ture in which a first electrode layer, a layer including a light
emitting layer, and a second electrode layer are layered from
the substrate side, and convert light generated in the light
emitting layer to light of three colors different from each other
and emit the converted light. Further, in particular, the first
electrode layer has a structure in which a contact layer for
improving contact characteristics with the substrate, a reso-
nant layer for resonating light generated in the light emitting
layer between the resonant layer and the second electrode
layer, and a barrier layer for protecting the resonant layer are
layered from the substrate side, and the thickness of the
barrier layer is different from each other among the three
organic light emitting devices.

In the organic light emitting unit with such a configuration,
the thickness of the barrier layer composing the first electrode
layer is different from each other among the three organic
light emitting devices. Therefore, for example, when light of
color equal to each other among the three organic light emit-
ting devices is generated in the light emitting layer, it is
possible to convert the light generated in the light emitting
layer to three color light for image display (red light, green
light, and blue light) by utilizing light interference phenom-
enon resulting from the difference of the resonant length
among the three organic light emitting devices based on the
difference of the thickness of the barrier layer.

Further, a method of manufacturing an organic light emit-
ting unit according to the present invention is a method of
manufacturing an organic light emitting unit including three
organic light emitting devices provided on a substrate,
wherein the three organic light emitting devices have a struc-
ture in which a first electrode layer, a layer including a light
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emitting layer, and a second electrode layer are layered from
the substrate side, and convert light generated in the light
emitting layer to light of three colors different from each other
and emit the converted light. Further, in particular, in the
method, a step of forming the first electrode layer so that the
first electrode layer has a structure in which a contact layer for
improving contact characteristics with the substrate, a reso-
nant layer for resonating light generated in the light emitting
layer between the resonant layer and the second electrode
layer, and a barrier layer for protecting the resonant layer are
layered from the substrate side is included, and the thickness
of the barrier layer is different from each other among the
three organic light emitting devices.

In such a manufacturing method, for forming the first elec-
trode layer having the characteristic structure that the thick-
ness of the barrier layer is different from each other among the
three organic light emitting devices continuously and with
good reproducibility, only the existing thin film process is
used, and a new and complicated manufacturing process is
not used.

Further, a display unit according to a second aspect of the
present invention is a display unit including an organic light
emitting unit having a structure in which three organic light
emitting devices are provided on a substrate, wherein the
three organic light emitting devices of the organic light emit-
ting unit have a structure in which a first electrode layer, a
layer including a light emitting layer, and a second electrode
layer are layered from the substrate side, and images are
displayed by converting light generated in the light emitting
layer to light of three colors different from each other and
emitting the converted light. In particular, the first electrode
layer has a structure in which a contact layer for improving
contact characteristics with the substrate, a resonant layer for
resonating light generated in the light emitting layer between
the resonant layer and the second electrode layer, and a barrier
layer for protecting the resonant layer are layered, and the
thickness of the barrier layer is different from each other
among the three organic light emitting devices.

In the display unit with such a configuration, since the
display unit includes the foregoing organic light emitting
unit. Therefore, it is not necessary to separately coat the light
emitting layer by using a metal mask in manufacturing the
display unit, and it is not necessary to convert light generated
in the light emitting layer to other colors by color filters.
Thereby, the display size can be jumboized, and utilization
efficiency of light can be secured.

Additional features and advantages of the present inven-
tion are described in, and will be apparent from, the following
Detailed Description and the Figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 11s a cross section showing a cross sectional configu-
ration of a display unit according to a first embodiment of the
present invention;

FIG. 2 is a cross section showing another cross sectional
configuration of the display unit according to the first
embodiment of the present invention;

FIG. 3 is a cross section showing a cross sectional configu-
ration of a display unit according to a second embodiment of
the present invention;

FIG. 4 is a cross section showing an enlarged model of a
cross sectional structure of organic EL devices and an auxil-
iary wiring shown in FIG. 3;

FIG. 5 is a cross section showing an enlarged model of a
cross sectional structure of a layer including a light emitting
layer shown in FIG. 4;
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FIG. 6 is a cross section for explaining a manufacturing
step of the display unit according to the second embodiment
of the present invention;

FIG. 7 is a cross section for explaining a step following
FIG. 6;

FIG. 8 is a cross section for explaining a step following
FIG. 7,

FIG. 9 is a cross section for explaining a step following
FIG. 8;

FIG. 10 is a cross section for explaining a step following
FIG. 9;

FIG. 11 is a cross section for explaining a step following
FIG. 10;

FIG. 12 is a cross section for explaining a manufacturing
step of a display unit according to a third embodiment of the
present invention;

FIG. 13 is a cross section for explaining a step following
FIG. 12;

FIG. 14 is a cross section for explaining a step following
FIG. 13;

FIG. 15 is a cross section for explaining a step following
FIG. 14;

FIG. 16 is a cross section for explaining a step following
FIG. 15;

FIG. 17 is a cross section for explaining a step following
FIG. 16;

FIG. 18 is a cross section for explaining a step following
FIG. 17;

FIG. 19 is a cross section for explaining a step following
FIG. 18;

FIG. 20 is a cross section showing another cross sectional
configuration of the display unit according to the second and
the third embodiments of the present invention;

FIG. 21 is a cross section showing an enlarged model of a
cross sectional structure of organic EL devices and an auxil-
iary wiring shown in FIG. 20;

FIG. 22 shows spectrums of respective organic EL devices
in a display unit of Example 1;

FIG. 23 shows spectrums of the respective organic EL
devices when color filters are provided for the display unit of
Fxample 1;

FIG. 24 is a view showing transmittance characteristics of
the color filters used for a simulation of FIG. 23;

FIG. 25 shows a spectrum of an organic EL device in a
display unit of Comparative example 1;

FIG. 26 shows spectrums of the respective organic EL
devices when color filters are provided for the display unit of
Comparative Example 1;

FIG. 27 is a chromaticity diagram showing chromaticity
values of each display unit and a CRT display;

FIG. 28 shows view angle dependence of spectrums of the
respective organic EL devices when the color filters are pro-
vided for the display unit of Example 1; and

FIG. 29 shows view angle dependence of spectrums of the
respective organic EL devices when the color filters are pro-
vided for the display unit of Comparative exaniple 1.

DETAILED DESCRIPTION

Embodiments of the present invention will be hereinafter
described in detail with reference to the drawings.

[First Embodiment]

First, descriptions will be given of a display unit according
to a first embodiment of the present invention with reference
to FIG. 1. FIG. 1 is a cross section showing a model of a
configuration example of the display unit according to this
embodiment. A display unit 1 shown in the figure is a full
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color display unit in which each organic EL device 3B, 3G,
and 3R, from which light of each color of blue (B), green (G),
andred (R)is extracted, is arranged and formed on a substrate
2. The display unit 1 displays images by utilizing organic EL
phenomenon. Each organic EL Device 3B, 3G, and 3R has a
configuration in which a lower electrode 4, a transparent
conductive layer 5, a function layer 6, and an upper electrode
7 are layered from the substrate 2 side. The display unit is
configured as a top emission type display unit in which emit-
ted light h generated in the function layer 6 is extracted from
the upper electrode 7 side opposite of the substrate 2. Detailed
structures of respective members will be hereinafter
described.

The substrate 2 is made of, for example, glass, silicon, a
plastic substrate, further a TF'T substrate on which a thin film
transistors (TFT) are formed or the like.

The lower electrode 4 provided on the substrate 2 is struc-
tured as a mirror by using a conductive material with superior
light reflectivity. In general, the lower electrode 4 is used as an
anode or a cathode. In this embodiment, since the function
layer 6 is provided above the lower electrode 4 with the
transparent conductive layer 5 in between, the transparent
conductive layer 5 becomes an anode or a cathode practically.
Therefore, in this embodiment, the lower electrode 4 may be
made of a material with superior reflectivity.

Further, the lower electrode 4 shall be provided with pat-
terning in the shape suitable for the driving method of the
display unit 1. For example, when the driving method is
simple matrix type, the lower electrode 4 is formed in a state
of stripes, for example. Further, when the driving method is
active matrix type including a TFT forevery pixel a, the lower
electrode 4 is pattern-formed correspondingly to each of a
plurality of arranged pixels a. In this case, each lower elec-
trode 4 is connected to a TFT similarly provided for each pixel
through a contact hole (not shown) formed in the interlayer
insulating film covering the TFTs.

The transparent conductive layer 5 provided on the lower
electrode 4 is made of a transparent electrode material, and
particularly in this embodiment, is used as an anode or a
cathode practically as described above. When the transparent
conductive layer 5 is used as an anode, a transparent conduc-
tive material with a large work function is selected. When the
transparent conductive layer 5 is used as a cathode, a trans-
parent conductive material with a small work function is
selected. In FIG. 1, the case using the transparent conductive
layer 5 as an anode is representatively shown. The transparent
conductive layer 5 becoming an anode by using, for example,
indium tin oxide (ITO) shall be provided.

The transparent conductive layer 5 is provided with pat-
terning with each film thickness (optical distance Lt) in each
organic EL device 3B, 3G, and 3R. The transparent conducive
layer 5 (5B, 5G, and 5R) provided for each organic EL device
3B, 3G, and 3R may have the respectively set optical distance
Lt, and is not necessarily made of the same material. Details
of setting the optical distance Lt of each transparent conduc-
tive layer 5B, 5G, and 5R will be described later.

The function layer 6 layered on the transparent conductive
layer 5 includes a plurality of layers made of an organic
material. For example, in the function layer 6, a hole transport
layer 10, a light emitting layer 11, and an electron transport
layer 12 are layered from the anode side (in FIG. 1, the
transparent conductive layer 5 side) and is provided as an
identical layer among each organic EL device 3B, 3G, and
3R. Further, the function layer 6 may be pattern-formed for
every pixel a, or may be formed in a state of overall film.

Here, in order to obtain full color display in the display unit
1 of this embodiment, the emitted light h generated in a light
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emitting layer 11 should have light emitting intensity in blue,
green, and red wavelength regions. In particular, it is prefer-
able that the function layer 6 has the maximum light emitting
intensity in all wavelength regions desired to be extracted of
blue, green, and red and has small light emitting intensity in
unnecessary wavelength regions. By using such a function
layer 6, a display unit with high light extraction efficiency in
necessary light emitting regions and high color purity can be
obtained. The structure of such a function layer 6 can be
voluntarily selected from known structures and the like.

Tt is important that a film thickness of the function layer 6
(optical distance Lf) is set as described below in detail so that
the space between the lower electrode 4 and the upper elec-
trode 7, that is the total thickness of the function layer 6 and
the transparent conductive film 5 becomes a resonant section
15 for resonating the targeted wavelength.

The upper electrode 7 provided on such a function layer 6
is structured as a half mirror. The upper electrode 7 is used as
a cathode when the lower electrode 4 (transparent conductive
layer 5) is an anode, or used as an anode when the lower
electrode 4 (transparent conductive layer 5) is a cathode.
When the upper electrode 7 is used as an anode, as a material
making the upper electrode 7, a conductive material with high
work function such as nickel, silver, gold, platinum, palla-
dium, selenium, rhodium, ruthenium, iridium, rhenium, tung-
sten, molybdenum, chromium, tantalum, niobium, an alloy
thereof, tin oxide (SnQ,), indium tin oxide (ITO), zinc oxide,
and titanium oxide is selectively used. Further, when the
upper electrode 7 is used as a cathode (as in FIG. 1), as a
material making the upper electrode 7, for example, a con-
ductive material with small work function such as an alloy of
an active metal such as Li, Mg, and Caand a metal such as Ag,
Al, and In is selectively used, or such conductive materials
may be layered. Further, it is possible that a thin compound
layer of an active metal such as Li, Mg, and Ca and halogen
such as fluorine and bromine, or oxygen is inserted in the
space to the function layer 6. Since the upper electrode 7 is
used as a half mirror becoming a side from which emitted
light generated in the function layer 6 is extracted, the light
transmittance is adjusted by the film thickness and the like.

In particular, the reflectance of the upper electrode 7 struc-
tured as a half mirror is preferably in the range from 0.1% to
less than 50%. When the reflectance of the upper electrode 7
is in the foregoing range, effect of the resonator structure
(resonant section 15) is appropriately inhibited, and therefore
in the direct view type display unit 1, view angle dependence
of luminance and chromaticity based on the resonant section
15 is appropriately decreased. Specifically, when the reflec-
tance of the upper electrode 7 is 50% or more, resonant effect
of the resonant section 15 is too strong, and therefore the half
value width of the spectrum of light to be extracted from the
resonant section 15 becomes too narrow, resulting in large
view angle dependence of the display unit 1. Meanwhile,
when the reflectance of the upper electrode 7 is in the range
from 0.1% to less than 50%, the resonant effect of the reso-
nant section 15 is appropriately inhibited, and therefore the
half value width of the spectrum of light to be extracted from
the resonant section 15 becomes appropriately widened,
resulting in small view angle dependence of the display unit 1.
That is, in order to configure the display unit 1 capable of
displaying stably not depending on the view angle, the reflec-
tance of the upper electrode 7 is preferably in the range from
0.1% to less than 50%, rather than in the range of 50% or
more. The reason why the lower limit of the reflectance of the
upper electrode 7 is preferably “0.1% or more™ is that when
the reflectance is less than 0.1%, the upper electrode 7 no
longer carries out the reflection function.
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Further, when the display unit 1 is a simple matrix type
display unit, the upper electrode 7 is formed in a state of stripe
intersecting the stripe of the lower electrode 4. The layered
intersection thereof becomes the organic EL devices 3B, 3G,
and 3R. Further, when the display unit 1 is an active matrix
type display unit, the upper electrode 7 may be a film depos-
ited so that the film covers the whole area of the substrate 2,
and is used as a common electrode for each pixel.

An unshown driving power source for the purpose of cur-
rent injection is connected between the upper electrode 7 and
the foregoing lower electrode 4.

Next, an optical distance L of the resonant section 15
between the lower electrode 4 and the upper electrode 7 and
the optical distance Lt of the transparent conductive layers
5B, 5G, and 3R in each organic EL device 3B, 3G, and 3R will
be described.

That is, in each organic EL device 3B, 3G, and 3R, the
optical distance L of the resonant section 15 between the
lower electrode 4 and the upper electrode 7 is respectively set
to the value at which light in the desired wavelength region set
for each organic EL device 3B, 3G, and 3R is resonated on the
both ends of the resonant section 15. Therefore, for example,
where a phase shift generated when the emitted light h gen-
erated in the light emitting layer 11 is reflected on the both
ends of the resonant section 15 is ¢ radian, the optical distance
of the resonant section 15 is L, and a peak wavelength of the
spectrum of light desired to be extracted among the emitted
lighth generated in the light emitting layer 11 is A, the optical
distance L of the resonant section 15 shall be in the range
meeting the following formula (1).

(2LY +/(2m)=m (m is an integer) [0y

Then, for the organic EL device 3B, the peak wavelength
=460 nm is setin the blue region as the peak wavelength A of
the spectrum of light desired to be extracted, and the optical
distance L of the resonant section 15 is calculated. Further, for
the organic EL device 3G, the peak wavelength A=530 nm is
set in the green region as the peak wavelength A of the spec-
trum of light desired to be extracted, and the optical distance
L of the resonant section 15 is calculated. Further, for the
organic EL device 3R, the peak wavelength A=630 nm is set
in the red region as the peak wavelength A of the spectrum of
light desired to be extracted, and the optical distance [ of the
resonant section 15 is calculated.

The optical distance [ of each resonant section 15 is
enough to be a value meeting the foregoing formula (1),
however, in particular, the optical distance L. is preferably the
positive minimum value. For the case that “the optical dis-
tance L of each resonant section 15 is the positive minimum
value,” descriptions will be hereinafter given in detail.

In each organic EL device 3B, 3G, and 3R, the function
layer 6 including the light emitting layer 11 is made of the
identical layer. Therefore, the optical distance L of the reso-
nant section 15 is adjusted by the optical distance Lt of each
transparent conductive layer 5B, 5G, and 5R. In the result,
where the optical distance of the transparent conductive lay-
ers 5B, 5G, and 5R is Lt, and the optical distance of the
functionlayer 6 including the light emitting layer 11 is Lf, the
optical distance Lt (film thickness) of the transparent conduc-
tive layers 5B, 5G., and 5R of each organic EL device 3B, 3G,
and 3R shall be set to meet the following formula (2).

Li=L-Lf %)

where Lf is a certain value smaller than L.

Though not shown in the figure, when color filters are
combined with the display unit 1 having such a configuration,
color filters which transmit only the light h in the vicinity of
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the peak wavelength A of the spectrum desired to be extracted
from each organic EL device 3B, 3G, and 3R are provided on
the light extraction face side of each organic EL device 3B,
3G, and 3R.

Here, the case that “the optical distance L of each resonant
section 15 is the positive minimum value in the range to meet
the foregoing formula (1)” is the case that the optical dis-
tances Lt and Lfinthe foregoing formula (2) are set so that the
value of m in the formula (1) meets m=0 for the organic EL
device 3B for emitting light hb in the blue wavelength region;
m=0 for the organic EL. device 3G for emitting light hg in the
green wavelength region; and m=0 for the organic EL device
3R for emitting light hr in the red wavelength region. How-
ever, the optical distances Lt and L{ in the foregoing formula
(2) may be set so that the value of m in the formula (1) meets
the conditions that m=1 for the organic EL device 3B, m=0 for
the organic EL device 3G, and m=0 for the organic EL device
3R; conditions that m=1 for the organic EL device 3B, m=1
for the organic EL device 3G, and m=0 for the organic EL
device 3R; conditions that m=1 for the organic EL device 3B,
m=] for the organic EL device 3G, and m=1 for the organic
EL device 3R; conditions that m=2 for the organic EL. device
3B, m=1 for the organic EL, device 3G, and m=1 for the
organic EL device 3R; conditions that m=2 for the organic EL
device 3B, m=2 for the organic EL device 3G, and m=1 for the
organic EL device R; or conditions that m=2 for the organic
EL device 3B, m=2 for the organic EL device 3G, and m=2 for
the organic EL device 3R, in addition to the foregoing con-
ditions that m=0 for the organic EL device 3B, m=0 for the
organic EL device 3G, and m=0 for the organic EL device 3R.
In this case, when the mirror and the half mirror which are
identical to each other are used, the larger the value of m
becomes, the smaller the half value width of light to be
extracted from the resonator structure (resonant section 15)
becomes, resulting in improved color purity of light to be
extracted from the resonant section 15, but resulting in low-
ered luminance and increased view angle dependence. There-
fore, it is possible that the intensity, the color purity, and the
view angle dependence of light to be extracted from the
resonant section 15 are corrected by lowering the reflectance
of the half mirror or increasing the transmittance thereof. In
the conditions of m=1 for the organic EL device 3R, blue light
corresponding to the conditions of m=2 is also extracted from
the organic EL device 3R together. In the conditions of m=2
for the organic EL device 3R, blue light corresponding to the
conditions of m=3 is also extracted from the organic EL
device 3R together. Therefore, in these cases, color filters are
necessary in order to secure favorable display performance.

In the display unit according to this embodiment, each
organic EL device 3B, 3G, and 3R having the function layer
6 formed as the identical layer is respectively structured as a
resonator structure for resonating each wavelength of blue,
green and red. Thereby, even if the identically structured light
emitting layer is used, only light hb, hg, and hr of each
wavelength of blue, green, or red can be intensified by mul-
tiple interference and extracted from each organic EL device
3B, 3G, and 3R. Therefore, a display unit capable of full color
display is configured.

Further, since the light hb, hg, and hr to be extracted from
each organic EL device 3B, 3G, and 3R is resonated in the
resonant section 15 of each organic EL device 3B, 3G, and 3R
and extracted, only light in desired wavelength regions cor-
responding to blue, green, and red is extracted with sufficient
intensity. Therefore, full color display with excellent color
reproducibility is enabled.

In particular, since the reflectance of the upper electrode 7
structured as a half mirror is in the range from 0.1% to less
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than 50%, effects of the resonant section 15 can be appropri-
ately inhibited. In the result, in the direct view type display
unit 1, view angle dependence of luminance and chromaticity
based on the resonant section 15 is appropriately decreased.
Therefore, selectivity and light intensity of extracted light of
the front of the display unit 1 can beincreased, and view angle
dependence of luminance and chromaticity can be main-
tained low. In this case, when color filters for transmitting
light in the wavelengths, which is resonated in the resonant
section 15 and extracted from the half mirror side are pro-
vided above the upper electrode 7 structured as a half mirror,
the foregoing view angle dependence of luminance and chro-
maticity is further appropriately decreased by the color filters
in the direct view type display unit 1. In the result, display
performance can be improved.

Furthermore, as described above, in each organic EL
device 3B, 3G, and 3R, the whole function layer 6 including
the light emitting layer 11 is made of the identical layer.
Therefore, it is not necessary to separately form the function
layer 6 formed by vapor deposition method using a metal
mask or inkjet method for every organic EL device 3B, 3G,
and 3R. Therefore, it is not necessary to set adjustment toler-
ance between each function layer 6 between each pixel a,
which is necessary when the function layer 6 is separately
formed, leading to a narrowed pitch between each pixel a. The
optical distance L in each organic EL device 3B, 3G, and 3R
is adjusted by the optical distance Lt of the transparent con-
ductive films 5B, 5G, and 5R. Therefore, the transparent
conducive films 5B, 5G, and 5R need to be separately formed.
However, the transparent conductive films 5B, 5G, and 5R are
pattern-formed by etching using a resist pattern formed by
lithography process as a mask. Therefore, patterning preci-
sion is more favorable than in the function layer 6 needed to
be pattern-formed by using a metal mask or pattern-formed
by inkjet.

By realizing miniaturization of the pitch between each
pixel a as above, high definition full color display becomes
enabled.

Further, since the light emitting layer 11 is made of the
identical layer, the function layer 6 made of an organic mate-
rial with a particularly large film thickness is no longer set.
Therefore, a phenomenon that a driving voltage of only some
organic EL devices is increased does not occur, and electric
power consumption is reduced. In addition, a driving circuit
design considering driving conditions different among each
color organic EL device is not necessary.

When the optical distance . of each resonant section 15 is
the positive minimum value in the range meeting the forego-
ing formula (1), as disclosed in International Publication
WO01-039554, the spectrum of light to be extracted is main-
tained in the widest width in the range that light of the wave-
length A is multiple-interfered. Therefore, in the display
device, while the spectrum of light to be extracted is main-
tained in a certain width, the peak intensity is improved by
multiple interference. In the result, in the display device, even
if the view angle is deviated, the shift amount of the wave-
length A is maintained small, and the color purity is improved
in a wide view angle range. Specifically, when the optical
distances Lt and Lf in the formula (2) are set so that the value
of m in the formula (1) meets one of m=0, 0, 0; m=1, 0, 0;
m=1,1,0;m=1,1,1,m=2,1,1;m=2,2, 1;andm=2, 2, 2 for the
organic EL device 3B, the organic EL device 3G, and the
organic EL device 3R, selection of light emitting wavelength
and increase in the maximum wavelength by the resonator
structure (resonant section 15) can be secured, while view
angle dependence of luminance and chromaticity based on
the resonant section 15 can be appropriately decreased.
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Next, as a method of manufacturing a display unit accord-
ing to this embodiment, a method of manufacturing the dis-
play unit 1 with the foregoing configuration will be described.

First, the electrode material film making the lower elec-
trode 4 is deposited on the substrate 2. On the electrode
material film, each transparent conductive layer 5B, 5G, and
5R having the optical distance Lt set for every organic EL
device formed in each element section is pattern-formed. The
pattern formation method of each transparent conductive
layer 5B, 5G, and 5R is not particularly limited. When each
transparent conductive layer 3B, 5G, and 5R is made of the
same material, the pattern formation thereof is performed as
follows.

First, a first transparent conductive material film is formed
with the same film thickness as a film thickness of the trans-
parent conductive layer 5B with the smallest optical distance
Lt, and a first resist pattern is formed in a state that the first
resist pattern covers only the pixel a in which the organic EL
device 3B is arranged. Next, a second transparent conductive
material film is formed so that the total film thickness of the
first and the second transparent conductive material films
becomes the same film thickness as a film thickness of the
transparent conductive layer 5G with the second smallest
optical distance Lt, and a second resist pattern is formed in a
state that the second resist pattern covers only the pixel a in
which the organic EL device 3G is arranged. Further, a third
transparent conductive material film is formed so that the total
film thickness ofthe first, the second, and the third transparent
conductive material films becomes the same film thickness as
a film thickness of the transparent conductive layer 5R with
the largest optical distance Lt, and a third resist pattern is
formed in a state that the third resist pattern covers the pixel in
which the organic EL device 3R is arranged.

Next, the third transparent conductive material film is
etched by using the third resist pattern as a mask. Subse-
quently, when the second resist pattern is exposed, the second
transparent conductive material film is etched by using the
second resist pattern and the third resist pattern as a mask.
Still subsequently, when the first resist pattern is exposed, the
first transparent conductive material film is etched by using
the first resist pattern, the second resist pattern, and the third
resist pattern as a mask. Thereby, the transparent conductive
layer 5B made of the first transparent conductive material film
is pattern-formed under the first resist pattern, the transparent
conductive layer 5G made of the first transparent conductive
material film and the second transparent conductive material
film is pattern-formed under the second resist pattern, and the
transparent conductive layer 5R made of the first transparent
conductive material film, the second transparent conductive
material film, and the third transparent conductive material
film is pattern-formed under the third resist pattern.

After the transparent conductive layers 5B, 5G, and 5R are
pattern-formed as above, the lower electrode 4 is pattern-
formed by etching the electrode material film using the first to
the third resist patterns as a mask.

After that, over the pattern-formed transparent conductive
layers 5B, 5G, and 5R and the pattern-formed lower electrode
4, the hole transport layer 10, the light emitting layer 11, and
the electron transport layer 12 are sequentially layered and
formed above the substrate 2, and the function layer 6 made of
the identical layer is formed for each pixel a in block. Each
layer 10 to 12 can be formed by using each organic material
synthesized by a known method and by applying a known
method such as vacuum vapor deposition and spin coat.
Finally, the upper electrode 7 is layered and formed so that the
reflectance is in the range from 0.1% to less than 50%.
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Thereby, the display unit 1 in which the organic EL devices
3B, 3G, and 3R with the foregoing structure are arranged and
formed can be obtained.

In the method of manufacturing a display according to this
embodiment, in manufacturing the display unit 1 with the
foregoing configuration, the function layer 6 including the
light emitting layer 11 is formed in block in each organic EL
device 3B, 3G, and 3R, and thereby the number of manufac-
turing steps including designing the function layer can be
reduced. Therefore, the display unit 1 capable of high defini-
tion display can be realized by miniaturization of the light
emitting devices with standardized function layer 6, and
capable of display with superior color reproducibility by
extracting light of desired light emitting colors with sufficient
intensity can be manufactured more simply.

In particular, by forming the half mirror so that the reflec-
tance is in the range from 0.1% to less than 50%, as described
above, effect of the resonant section 15 can be appropriately
inhibited. In the result, for the direct view type display unit 1,
view angle dependence of luminance and chromaticity based
on the resonant section 15 can be appropriately reduced.
Therefore, the high quality display unit 1 with more superior
color reproducibility and small view angle dependence can be
realized.

In the embodiment described above, the structure of the
so-called top emission type display unit 1 in which the emit-
ted light h is extracted from the upper electrode 7 side oppo-
site of the substrate 2 and the manufacturing method thereof
have been described by using FIG. 1. However, as shown in
FIG. 2, the present invention can be applied to a so-called
bottom emission type display unit 1A in which the emitted
light h is extracted from the substrate 2 side. In this case, the
display unit 1A may be configured as in the foregoing
embodiment, except that a lower electrode 4A provided on
the substrate 2 is structured as a half mirror by using a light
reflexible material, and an upper electrode 7A is structured as
a mirror by using a material with favorable light reflectivity,
and effects similar to of the foregoing embodiment can be
obtained. However, when active matrix type is adopted as a
driving method of the display unit, it is preferable to improve
the aperture ratio of the devices by using the top emission type
shown in FIG. 1.

Further, in the foregoing embodiment, the transparent con-
ductive layer 5 is provided on the lower electrode 4 or 4A.
However, the transparent conductive layer 5 may be provided
between the function layer 6 and the upper electrode 7 or 7A.
In this case, the lower electrode 4 or 4A becomes an anode or
acathode practically, and the transparent electrode 5 becomes
a cathode or an anode practically instead of the upper elec-
trode 7 or 7A. Further, in the foregoing embodiment, the
transparent conductive layer 5 is pattern-formed by using
lithography. However, the transparent conductive layer 5 may
be pattern-formed by using a method such as a vapor depo-
sition mask and inkjet.

Further, in the foregoing embodiment, an example using
each organic EL device, in which the lower electrode and the
upper electrode are structured as a mirror and a half mirror,
and the space in between is used as a resonant section has
been described. However, the display unit of the present
invention is not limited to such a configuration. That is, the
display unit of the present invention can be configured so that
the lower electrode or the upper electrode is structured as a
mirror, one of the layers composing the function layer is
structured as a half' mirror, the light emitting layer 11 made of
an identical layer is sandwiched between the mirror and the
half mirror, and the optical distance of the resonant section is
adjusted by a film thickness of layers composing the function
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layer other than the light emitting layer 11 sandwiched
between the mirror and the half mirror. Further, the mirror and
the half mirror may sandwich the light emitting layer 11 from
outside of the upper electrode or the lower electrode. In this
case, manufacturing steps can be simplified by making the
light emitting layer 11 as an identical layer.

Further, in the foregoing embodiment, the configuration of
the display unit using the organic EL device as a light emitting
device has been described. However, the present invention is
not limited to the display unit using the organic EL device, but
can be widely applied to display units using a light emitting
device capable of being structured as a resonant structure
such as an inorganic EL device.

[Second Embodiment]

Next, with reference to FIG. 3, a display unit according to
a second embodiment of the present invention will be
described. FIG. 3 shows a cross sectional configuration of a
display unit 101.

The display unit 101 displays images by utilizing the
organic EL phenomenon. For example, as shown in FIG. 3, a
driving panel 110 as an organic light emitting unit provided
with an organic EL device 130 and a driving device (TFT:
Thin Film Transistor) 112 for driving the organic EL device
130 and a sealing panel 150 are oppositely arranged, and the
driving panel 110 and the sealing panel 150 are bonded
together with an adhesive layer 160 in between so that the
organic EL device 130 is sandwiched between the driving
panel 110 and the sealing panel 150. The display unit 101 has,
for example, a top emission type structure for emitting light e
generated in the organic EL device 130 upward, that is, to
outside of the sealing panel 150.

The driving panel 110 has a structure in which three
organic EL devices 130R, 130G, and 130B are provided as the
foregoing organic EL device 130 ona driving substrate 111 as
a substrate. The driving panel 110 specifically has a structure
in which over the driving substrate 111, three TFTs 1121,
1122, and 1123 as a TFT 112, an interlayer insulating layer
113, a pair of wirings 114 provided for each TFT 1121 to
1123, a planarizing layer 115 as a base region on which the
organic EL devices 130R, 130G, and 130B are arranged, the
foregoing organic EL devices 130R, 130G, and 130B, an
auxiliary wiring 140, an interlayer insulating layer 117, and a
protective layer 120 are layered in this order.

The driving substrate 111 is intended to support the organic
EL device 130 and the TFT 112, and is made of, for example,
an insulating material such as glass.

The TFT 112 (1121, 1122, and 1123) is intended to drive
the organic EL device 130 (130R, 130G, and 130B) to emit
light. The TFT 112 includes a gate electrode, a source elec-
trode, and a drain electrode, which are not shown in FIG. 3.
The gate electrode is connected to a scanning circuit (not
shown), and both the source electrode and the drain electrode
are connected to the wiring 114 through a connection hole
(not shown) provided in the interlayer insulating layer 113.
The structure of the TFT 112 is not particularly limited, but
for example, the structure thereof may be bottom gate type or
top gate type.

The interlayer insulating layer 113 is intended to electri-
cally separate each TFT 1121 to 1123 from each other. For
example, the interlayer insulating layer 113 is made of an
insulating material such as silicon oxide (5i0,) and PSG
(Phospho-Silicate Glass).

The wiring 114 functions as a signal line. For example, the
wiring 114 is made of a conductive material such as alumi-
num (Al) and aluminum-copper alloy (AlCu).

The planarizing layer 115 is intended to flatten the base
region on which the organic EL device 130 1s arranged, and to
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form a series of layers composing the organic EL device 130
with high precision. For example, the planarizing layer 115 is
made of an organic insulating material such as polyimide and
polybenzo oxazole or an inorganic insulating material such as
silicon oxide (Si0,).

The organic EL device 130 (130R, 130G, and 130B) emits
the light e for image display. Specifically, the organic EL
device 130 converts light of a given color (wavelength) gen-
erated in an after-mentioned layer 118 including a light emit-
ting layer to light of three colors (R: Red, G: Green, and B:
Blue) corresponding to the light’s three primary colors and
emits the converted light. The organic EL device 130R emits
red light er, and has a structure in which a lower electrode
layer 116R as a first electrode layer, the layer 118 including
the light emitting layer, and an upper electrode layer 119 as a
second electrode layer are layered in the order from the driv-
ing substrate 111 side. The organic EL device 130G emits
green light eg, and has a structure in which a lower electrode
layer 116G as a first electrode layer, the layer 118 including
the light emitting layer, and the upper electrode layer 119 are
layered in the order from the driving substrate 111 side. The
organic EL device 130B emits blue light eb, and has a struc-
ture in which a lower electrode layer 116B as a first electrode
layer, the layer 118 including the light emitting layer, and the
upper electrode layer 119 are layered in the order from the
driving substrate 111 side. The organic EL devices 130R,
130G, and 130B are respectively arranged correspondingly
to, for example, each TFT 1121 to 1123. The lower electrode
layers 116R, 116G, and 116B are connected to the wiring 114
provided for each TFT 1121 to 1123 through a connection
hole (not shown) provided in the planarizing layer 115.
Detailed structures of the organic EL devices 130R, 130G,
and 130B will be described later (refer to FIG. 4 and FIG. 5).

The auxiliary wiring 140 is intended to decrease the resis-
tance difference of the organic EL device 130 by modulating
the resistance difference between an unshown electric power
source and the upper electrode layer 119. The auxiliary wir-
ing 140 is electrically connected to the upper electrode layer
119. The auxiliary wiring 140 is arranged on the same level
layer as of the organic EL devices 130R, 130G, and 130B. For
example, the auxiliary wiring 140 has a lamination structure
almost similar to of the organic ELL device 130R. Detailed
structure of the auxiliary wiring 140 will be described later
(refer to F1G. 4).

The interlayer insulating layer 117 is intended to electri-
cally separate the organic EL devices 130R, 130G, 130B and
the auxiliary wiring 140, and to determine the emission range
of the light e (er, eg, and eb) emitted from each organic EL
device 130R, 130G, and 130B. The interlayer insulating layer
117 is arranged around the organic EL devices 130R, 130G,
and 130B and the auxiliary wiring 140 and is made of] for
example, an organic insulating material such as polyimide
and polybenzo oxazole, or an inorganic insulating material
such as silicon oxide (Si0,). The thickness thereof is about
600 nm.

The protective layer 120 is intended to protect the organic
EL device 130, and is, for example, a passivation film made of
a light transmissible dielectric material such as silicon oxide
(810,) and silicon nitride (SiN).

The sealing panel 150 has a structure in which a color filter
152 is provided over a sealing substrate 151.

The sealing substrate 151 is intended to support the color
filter 152, and to enable the light er, eg, and eb emitted from
the organic EL devices 130R, 130G, and 130B to be trans-
mitted and emitted outside. The sealing substrate 151 is made
of, for example, an insulating material such as glass.
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The color filter 152 is intended to guide the light er, eg, and
eb respectively emitted from the organic EL devices 130R,
130G, and 130B to outside of the display unit 101. Further,
when outside light enters inside the display unit 101 and is
reflected by the organic EL device 130 and the auxiliary
wiring 140, the color filter secures contrast by absorbing the
reflected light. The color filter 152 includes three regions
arranged correspondingly to each organic EL device 130R,
130G, and 130B, that is, a red region 152R, a green region
152G, and ablueregion 152B. The red region 152R, the green
region 152G, and the blue region 152B are respectively made
of, for example, a resin mixed with a red pigment, a green
pigment, and a blue pigment.

The adhesive layer 160 is intended to bond the driving
panel 110 and the sealing panel 150 together, and is made of,
for example, an adhesive material such as a thermosetting
resin.

In FIG. 3, in order to simplify the figure, only the three
TFTs 112 (TFT 1121 to 1123) and one set of organic EL
devices 130 (three organic EL devices 130R, 130G, and
130B) are shown. However, in practice, a plurality of TFTs
112 are provided in a state of matrix on the driving substrate
111, and a plurality of sets of organic EL devices 130 are
arranged correspondingly to the plurality of TFTs 112.

Next, with reference to FIG. 3 and FIG. 4, detailed struc-
tures of the organic EL devices 130R, 130G, and 130B and the
auxiliary wiring 140 will be described. FIG. 4 shows a model
of an enlarged cross sectional structure of the organic EL
devices 130R, 130G, and 130B and the auxiliary wiring 140.

The organic EL devices 130R, 130G, and 130B have a
lamination structure with a total thickness different from each
other, for example, as shown in FIG. 4.

The organic EL device 130B as a first organic light emitting
device has a structure in which, as described above, the lower
electrode layer 116B, the layer 118 including the light emit-
ting layer, and the upper electrode layer 119 are layered in the
order from the driving substrate 111 side. The lower electrode
layer 116B has a structure in which a contact layer 1161B for
improving contact characteristics with the driving substrate
111, more particularly with the planarizing layer 115 pro-
vided over the driving substrate 111, a resonant layer 1162B
for resonating light generated in the layer 118 including the
light emitting layer between the resonant layer 1162B and the
upper electrode layer 119, and a barrier layer 1163B for
protecting the resonant layer 1162B are layered. In particular,
the barrier layer 1163B has a monolayer structure (barrier
layer 1163B1). As described above, the organic EL device
130B has a resonant structure (kind of narrow band filter) for
resonating light generated in the layer 118 including the light
emitting layer between the resonant layer 1162B and the
upper electrode layer 119. An optical distance L. (LB)
between the resonant layer 1162B and the upper electrode
layer 119 meets the relation of the following formula (3B), for
example. In particular, the organic EL device 130B converts
light generated in the layer 118 including the light emitting
layer to the blue light eb. More specifically, for example, in
the top emission type display unit 101, the organic EL device
130B emits the light eb resonated between the resonant layer
1162B and the upper electrode layer 119 through the upper
electrode layer 119.

(2LB)h+/(2)=mB (BB

In the formula, regarding LB, A, ¢, and mB, LB represents
an optical distance between the resonant layer 1162B (an end
face PB1 as a first end face adjacent to the barrier layer 1163B
in the resonant layer 1162B) and the upper electrode layer 119
(an end face PB2 as a second end face adjacent to the layer
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118 including the light emitting layer in the upper electrode
layer 119); A represents a peak wavelength of the spectrum of
light to be emitted; ¢ represents a phase shift of reflected light
generated on the resonant layer 1162B (end face PB1) and the
upper electrode layer 119 (end face PB2); and mB represents
0 or an integer (for example, mB=0), respectively.

The contact layer 1161B is made of, for example, at least
one metal from the group consisting of chromium (Cr),
indium (In), tin (Sn), zinc (Zn), cadmium (Cd), titanium (Ti),
aluminum (Al), magnesium (Mg), and molybdenum (Mo); an
alloy of the metal; a metal oxide thereof; a metal nitride
thereof or the like. The thickness thereof is about 1 nm to 300
nm. As an “alloy,” a “metal oxide,” and a “metal nitride,” for
example, indium-tin alloy (InSn), indium-zinc alloy (InZn),
aluminum-neodymium alloy (AINd), and aluminum-copper
alloy silicide (AlCuSi) as analloy; indium tin oxide (ITO) and
indium zinc oxide (IZ0) as a metal oxide; titanium nitride
(TiN) as a metal nitride or the like can be cited. In particular,
the contact layer 1161B is preferably made of, for example,
ITO or IZO with superior contact characteristics and conduc-
tivity. The thickness of the contact layer 1161B is preferably
about from 1 nm to 300 nm when the contact layer 1161B is
made of ITO or IZO with superior conductivity, and more
preferably from about 3 nm to 50 nm considering the surface
flatness of ITO. Meanwhile, when the contact layer 1161B is
made of chromium oxide (Cr,0,) with conductivity inferior
to of ITO and 170, the thickness of the contact layer 1161B is
preferably from about 1 mm to 20 nm in order to prevent
connection resistance between the wiring 114 and the lower
electrode layer 116B from being excessively increased.

The resonant layer 1162B functions as a reflection layer for
resonating light generated in the layer 118 including the light
emitting layer between the resonant layer 1162B and the
upper electrode layer 119. For example, the resonant layer
1162B is made of silver (Ag) or an alloy containing silver
(Ag). As an alloy containing silver, for example, an alloy
containing silver and at least one from the group consisting of
palladium (Pd), neodymium (Nd), samarium (Sm), yttrium
(Y), cerium (Ce), europium (Eu), gadolinium (Gd), terbium
(Tb), dysprosium (Dy), erbium (Er), ytterbium (Yb), scan-
dium (Sc¢), ruthenium (Ru), copper (Cu), and gold (Au), spe-
cifically silver-palladium-copper alloy (AgPdCu) or the like
can be cited. The thickness of the resonant layer 1162B is
thicker than the thickness of the upper electrode layer 119 in
the top emission type display unit 101, and is about from 100
nm to 300 nm.

The barrier layer 1163B (1163B1) is made of, for example,
amaterial with work function larger than of the resonant layer
1162B, and the thickness thereof is about 1 nm to 100 nm.
Specifically, the barrier layer 1163B is made of, for example,
a light transmissible material containing at least one metal
from the group consisting of indium (In), tin (Sn), zinc (Zn),
cadmium (Cd), titanium (T1), chromium (Cr), gallium (Ga),
and aluminum (Al); an alloy of the metal; a metal oxide
thereof, or a metal nitride thereof. As an “alloy,” a “metal
oxide,” and a “metal nitride,” for example, indium-tin alloy
and indium-zinc alloy as an alloy; ITO, IZ0, indium oxide
(In,0), tin oxide (Sn0,), zinc oxide (Zn0O), cadmium oxide
(CdO), titanium oxide (Ti0,), and chromium oxide (CrO,) as
ametal oxide; titanium nitride and chromium nitride (CrN) as
a metal nitride or the like can be cited.

The organic EL device 130G as a second organic light
emitting device has astructure almost similar to of the organic
EL device 130B, except that the structure of a barrier layer
1163G s different. That is, as described above, the organic EL
device 130G has a structure in which the lower electrode layer
116G, the layer 118 including the light emitting layer, and the
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upper electrode layer 119 are layered in the order from the
driving substrate 111 side. The lower electrode layer 116G
has a structure in which a contact layer 1161G, a resonant
layer 1162G, and a barrier layer 1163G are layered. In par-
ticular, the barrier layer 1163G has a two-layer structure, in
which a lower barrier layer 1163G1 having a thickness simi-
lar to of the barrier layer 1163B1 and an upper barrier layer
1163G2 are layered in this order. The lower barrier layer
1163G1 and the upper barrier layer 1163G2 may be made of,
for example, the same material as each other, or a material
different from each other. As the organic EL device 130B, the
organic EL device 130G has a resonant structure for resonat-
ing light generated in the layer 118 including the light emit-
ting layer between the resonant layer 1162G and the upper
electrode layer 119. An optical distance L (LG) between the
resonant layer 1162G and the upper electrode layer 119 meets
the relation of the following formula (3G), for example. In
particular, the organic EL device 130G converts light gener-
ated in the layer 118 including the light emitting layer to the
green light eg. More specifically, for example, in the top
emission type display unit 101, the organic EL device 130G
emits the light eg resonated between the resonant layer 1162G
and the upper electrode layer 119 through the upper electrode
layer 119.

(2LG)/M/2m)=mG (3G)

In the formula, regarding LG, ¢, and mG, LG represents an
optical distance between the resonant layer 1162G (an end
face PG1 as afirst end face adjacent to the barrier layer 1163G
in the resonant layer 1162G) and the upper electrode layer
119 (an end face PG2 as a second end face adjacent to the
layer 118 including the light emitting layer in the upper elec-
trode layer 119); ¢ represents a phase shift of reflected light
generated on the resonant layer 1162G (end face PG1) and the
upper electrode layer 119 (end face PG2); and mG represents
0 or an integer (for example, mG=0), respectively.

The organic EL device 130R as a third organic light emit-
ting device has a structure almost similar to of the organic EL
device 130B, except that the structure of a barrier layer 1163R
is different. That is, as described above, the organic EL device
130R has a structure in which the lower electrode layer 116R,
the layer 118 including the light emitting layer, and the upper
electrode layer 119 are layered in the order from the driving
substrate 111 side. The lower electrode layer 116R has a
three-layer structure, in which a contact layer 1161R, a reso-
nant layer 1162R, and a barrier layer 1163R are layered from
the driving substrate 111 side. In particular, the barrier layer
1163R has a three-layer structure in which a lower barrier
layer 1163R1 having a thickness similar to ofthe barrier layer
1163B1, an intermediate barrier layer 1163R2 having a thick-
ness similar to of the lower barrier layer 1163G1, and an
upper barrier layer 1163R3 are layered in this order. The
lower barrier layer 1163R1, the intermediate barrier layer
1163R2, and the upper barrier layer 1163R3 may be made of,
for example, the same material as each other, or a material
different from each other. As the organic EL device 130B, the
organic EL device 130R has a resonant structure for resonat-
ing light generated in the layer 118 including the light emit-
ting layer between the resonant layer 1162R and the upper
electrode layer 119. An optical distance L, (LR) between the
resonant layer 1162R and the upper electrode layer 119 meets
the relation of the following formula (3R), for example. In
particular, the organic EL device 130R converts light gener-
ated in the layer 118 including the light emitting layer to the
red light er. More specifically, for example, in the top emis-
sion type display unit 101, the organic EL device 130R emits
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the light er resonated between the resonant layer 1162R and
the upper electrode layer 119 through the upper electrode
layer 119.

(QLR)/A+p/ (27)=mR GR)

In the formula, regarding LR, ¢, and mR, LR represents an
optical distance between the resonant layer 1162R (an end
face PR1 as a first end face adjacent to the barrier layer 1163R
in the resonant layer 1162R) and the upper electrode layer 119
(an end face PR2 as a second end face adjacent to the layer
118 including the light emitting layer in the upper electrode
layer 119); ¢ represents a phase shift of reflected light gener-
ated on the resonant layer 1162R (end face PR1) and the
upper electrode layer 119 (end face PR2); and mR represents
0 or an integer (for example, mR=0), respectively.

Functions and materials of the contact layer 1161G, the
resonant layer 1162G and the barrier layer 1163G (the lower
barrier layer 1163G1 and the upper barrier layer 1163G2),
which compose the organic EL device 130G and functions
and materials of the contact layer 1161R, the resonant layer
1162R and the barrier layer 1163R (the lower barrier layer
1163R1, the intermediate barrier layer 1163R2, and the upper
barrier layer 1163R3), which compose the organic EL device
130R, are respectively similar to of the contact layer 1161B,
the resonant layer 1162B, and the barrier layer 1163B
(1163B1), which compose the organic EL device 130B.

For confirmation, in FIG. 4, for easy finding the structural
differences among the organic EL devices 130R, 130G, and
130B, both the layer 118 including the light emitting layer
and the upper electrode layer 119 are shown separately for
every organic EL device 130R, 130G, and 130B. However, in
practice, for example, as shown in FIG. 3 and FIG. 4, the layer
118 including the light emitting layer is continuously
extended thoroughly through on the lower electrode 116R
(upper barrier layer 1163R3) of the organic EL device 130R,
on the lower electrode layer 116G (upper barrier layer
1163G2) of the organic EL device 130G, and on the lower
electrode layer 116B (barrier layer 1163B1) of the organic EL
device 130B. The upper electrode layer 119 is continuously
extended so that the upper electrode layer 119 covers the layer
118 including the light emitting layer. That is, both the layer
118 including the light emitting layer and the upper electrode
layer 119 are shared by each organic EL device 130R, 130G,
and 130B. A detailed structure of the layer 118 including the
light emitting layer will be described later (refer to F1G. 5).

The upper electrode layer 119 is made of, for example, at
least one metal from the group consisting of silver (Ag),
aluminum (Al), magnesium (Mg), calcium (Ca), and sodium
(Na), an alloy containing the metal or the like. As an “alloy
containing metal,” for example, magnesium-silver alloy
(MgAg) or the like can be cited. In the top emission type
display unit 101, the thickness of the upper electrode layer
119 is, for example, thinner than of the resonant layers
1162R, 1162G, and 1162B, and is about 1 nm to 10 nm. In
particular, based on the fact that the organic EL. devices 130R,
130G, and 130B have a resonant structure as described above,
the upper electrode layer 119 functions as a semi-transparent
reflection layer, which reflects light generated in the layer 118
including the light emitting layer in order to resonate such
light between the upper electrode layer 119 and the resonant
layers 1162R, 1162G, and 1162B, and which emits resonated
light er, eg, and eb outside according to needs.

As shown in FIG. 4, thicknesses HR, HG, and HB of the
layer 118 including the light emitting layer are equal to each
other among the three organic EL devices 130R, 130G, and
130B (HR=HG=HB). The layer 118 including the light emit-
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ting layer generates light of color (wavelength) equal to each
other among the three organic EL devices 130R, 130G, and
130B.

In particular, the thicknesses DR, DG, and DB of the bar-
rier layers 1163R, 1163G, and 1163B are different from each
other among the three organic EL devices 130R, 130G, and
130B, specifically different from each other correspondingly
to the three light er, eg, and eb emitted from the three organic
EL devices 130R, 130G, and 130B. That is, the thicknesses
DR, DG, and DB are set so that the three organic EL devices
130R, 130G, and 130B can convert light generated in the
layer 118 including the light emitting layer to the red light er,
the green light eg, and the blue light eb and emit the converted
light. Specifically, the thicknesses DR, DG, and DB are
ranked in descending order corresponding to the red light er,
the green light eg, and the blue light eb emitted from the three
organic EL devices 130R, 130G, and 130B (DR>DG>DB).
The foregoing words, “convert light generated in the layer
118 including the light emitting layer to the red light er, the
green light eg, and the blue light eb and emit the converted
light” means that, as shown in FIG. 4, in the process that light
generated in dots NR, NG, and NB in the layer 118 including
the light emitting layer is resonated between the resonant
layers 1162R, 1162G, and 1162B and the upper electrode
layer 119 and then emitted through the upper electrode layer
119, by utilizing light interference phenomenon resulting
from the fact that resonant lengths are different among the
three organic EL devices 130R, 130G, and 130B, the wave-
length of light having the same wavelength as each other
when light is generated in NR, NG, and NB is changed from
each other for each organic EL device 130R, 130G, and 130B
when light is emitted, that is, the same wavelength is respec-
tively shifted to the wavelength corresponding to red in the
organic EL device 130R, the wavelength corresponding to
green in the organic EL device 130G, the wavelength corre-
sponding to blue in the organic EL device 130B, and thereby
finally the red light er, the green light eg, and the blue light eb
are generated.

The auxiliary wiring 140 has a lamination structure similar
to of the device with the largest total thickness among the
organic EL devices 130R, 130G, and 130B, that is, similar to
of the organic EL device 130R, except that, for example, as
shown in FIG. 4, the auxiliary wiring 140 does not include the
layer 118 including the light emitting layer in order to
decrease the wiring resistance as much as possible.

Next, with reference to FIG. 3 to FIG. 5, the detailed
structure of the layer 118 including the light emitting layer
will be described. FIG. 5 shows a model of an enlarged cross
sectional structure of the layer 118 including the light emit-
ting layer.

The layer 118 including the light emitting layer is, for
example, as described above, shared by the organic EL
devices 130R, 130G, and 130B. That is, the layer 118 includ-
ing the light emitting layer has a common structure among
each organic EL. device 130R, 130G, and 130B, and generates
white light as a given color (wavelength) light. The layer 118
including the light emitting layer has a structure, for example,
as shown in FIG. 4 and FIG. 5, in which a hole transport layer
1181, a light emitting layer 1182, an electron transport layer
1183 are layered in the order from the lower electrode layers
116R, 116G, 116B side. The light emitting layer 1182 has a
structure in which a red light emitting layer 1182R for emit-
ting red light, 1182G for emitting green light, and 1182B for
emitting blue light are layered from the hole transport layer
1181 side. That is, by synthesizing red light, green light, and
blue light, which is respectively generated from the red light
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emitting layer 1182R, the green light emitting layer 1182G,
and the blue light emitting layer 1182B, white light is genet-
ated as a result.

The hole transport layer 1181 is intended to improve injec-
tion efficiency of holes to be injected into the light emitting
layer 1182. For example, the hole transport layer 1181 also
has a function as a hole injection layer. The hole transport
layer 1181 is made of, for example, an electron hole transport
material such as 4,4',4"-tris(3-methy1 phenyl phenyl amino)
triphenylamine (m-MTDATA) and o-naphthyl phenyl
diamine (aNPD), and is about 40 nm thick.

The red light emitting layer 1182R is intended to emit red
light by recombining part of electron holes injected from the
lower electrode layers 116R, 116G, and 116B through the
hole transport layer 1181 and part of electrons injected from
the upper electrode layer 119 through the electron transport
layer 1183. The red light emitting layer 1182R is made of at
least one from the group consisting of a red light emitting
material (fluorescent or phosphorescent), an electron hole
transportable material, an electron transportable material, and
aboth charge (electron hole and electron) transportable mate-
rial, and is about 5 nm thick. As a specific material of the red
light emitting layer 1182R, for example, 4-4'-bis(2,2-diphe-
nyl vinyl)biphenyl (DPVBi) mixed with about 30 wt % of
2,6-bis[(4'-methoxy diphenylamino)styril]-1,5-dicyano
naphthalene (BSN) can be cited.

The green light emitting layer 1182G is intended to emit
green light by recombining electron holes and electrons,
which are not recombined in the red light emitting layer
1182R. The green light emitting layer 1182G is made of, for
example, at least one from the group consisting of a green
light emitting material (fluorescent or phosphorescent), an
electron hole transportable material, an electron transportable
material, and a both charge transportable material, and is
about 10 nm thick. As a specific material of the green light
emitting layer 1182G, for example, DPVBi mixed with about
5wt % of coumarin 6 can be cited.

The blue light emitting layer 1182B emits blue light by
recombining electron holes and electrons, which are not
recombined in the red light emitting layer 1182R and the
green light emitting layer 1182G. The blue light emitting
layer 1182B is made of at least one from the group consisting
of a blue light emitting material (fluorescent or phosphores-
cent), an electron hole transportable material, an electron
transportable material, and a both charge (electron hole and
electron) transportable material, and is about 30 nm thick. As
a specific material of the blue light emitting layer 1182B, for
example, DPVBI mixed with about 2.5 wt % of 4-41'-bis|2,
{4-N,N-diphenylamino)phenyl }vinyl[biphenyl ~(DPAVBi)
can be cited.

The electron transport layer 1183 is intended to improve
injection efficiency of electrons injected into the light emit-
ting layer 1182. For example, the electron transport layer
1183 also has a function as an electron injection layer. The
electron transport layer 1183 is made of, for example, 8-hy-
droxy quinoline aluminum (Alq,), and is about 20 nm thick.

Next, with reference to FIG. 3 to FIG. 5, operation of the
display unit 101 will be described.

In the display unit 101, as shown in FIG. 3, the three
organic EL devices 130R, 130G, and 130B are driven by
utilizing the TFT 112 (1121 to 1123). That is, when a voltage
is applied respectively between the lower electrode layers
116R, 116G, 116B and the upper clectrode layer 119, as
shown in FIG. 5, in the light emitting layer 1182 of the layer
118 including the light emitting layer, electron holes supplied
from the hole transport layer 1181 and electrons supplied
from the electron transport layer 1183 are recombined, and
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thereby white light is generated. The white light is synthe-
sized light obtained by synthesizing red light generated in the
red light emitting layer 1182R, green light generated in the
green light emitting layer 1182G, and blue light generated in
the blue light emitting layer 1182B.

As shown in FIG. 4, in the process that the light e for image
display is emitted outside the display unit 101 from the
organic light emitting devices 130R, 130G, and 130B, the
wavelength of the white light is converted by utilizing light
interference phenomenon resulting from the fact that the
resonant length of each organic EL device 130R, 130G, and
the 130B is different from each other, that is, the white light is
converted respectively to the red light er, the green light eg,
and the blue light eb in the organic EL devices 130R, 130G,
and 130B. Thereby, as shown in FIG. 3, since the red light er,
the green light eg, and the blue light eb are emitted respec-
tively from the organic EL devices 130R, 130G, and 1308,
images are displayed based on the three color light, er, eg, and
eb.

When the light er, eg, and eb are emitted from the organic
EL devices 130R, 130G, and 130B, as shown in FIG. 4, in
each organic EL device 130R, 130G, and 130B, light gener-
ated in the layer 118 including the light emitting layer is
resonated between the resonant layers 1162R, 1162G, 1162B
ofthe lower electrode layers 116R, 116G, 116B and the upper
electrode layer 119, and therefore the light generates multiple
interference. Thereby, the half value width of the light er, eg,
and eb to be finally emitted from the organic EL devices
130R, 130G, and 130B is decreased, and color purity is
improved.

Next, with reference to FIG. 3 to FIG. 11, a method of
manufacturing the display unit 101 shown in FIG. 3 to FIG. 5
will be described. FIG. 6 to FIG. 11 are intended to explain
manufacturing steps of'a main section (lower electrode layers
116R, 116G, and 116B) of the display unit 101, and each
figure shows a cross sectional structure corresponding to FIG.
4. Regions SR, SG, and SB shown in FIG. 6 to FIG. 11
respectively show regions where the organic EL devices
130R, 130G, and 130B are formed in the subsequent steps.

Descriptions will be hereinafter given of the whole manu-
facturing steps of the display unit 101 briefly with reference to
FIG. 3 to FIG. 5 first, and then of formation steps of the main
section of the display unit 101, to which a method of manu-
facturing an organic light emitting unit according to the
present invention is applied. Since the material, the thickness,
and the structural characteristics of the series of components
of the display unit 101 have been described in detail, the
description thereof will be omitted as appropriate.

The display unit 101 can be manufactured by using an
existing thin film process including deposition technique
such as sputtering, patterning technique such as photolithog-
raphy, and etching technique such as dry etching and wet
etching. Thatis, when the display unit 101 is manufactured, as
shown in FIG. 3, first, the plurality of TFTs 112 (TFT 1121 to
11123) are pattern-formed in a state of matrix over the driving
substrate 111, and then the interlayer insulating layer 113 is
formed so that the interlayer insulating layer 113 covers the
TFTs 1121 to 1123 and the peripheral driving substrate 111.
After that, a pair of wirings 114 is pattern-formed for every
TFT 1121 to 1123. Subsequently, the planarizing layer 115 is
formed so that the planarizing layer 115 covers the wiring 114
and the peripheral interlayer insulating layer 113. Thereby,
the base region on which the organic EL devices 130R, 130G,
and 130B will be formed in the subsequent steps is flattened.
Subsequently, on the planarizing layer 115, one set of organic
EL devices 130 (130R, 130G, and 130B) is pattern-formed
correspondingly to the arrangement position of each TFT
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1121 to 1123. Specifically, the organic EL device 130R is
formed by layering the lower electrode layer 116R, the layer
118 including the light emitting layer, and the upper electrode
layer 119 in this order; the organic EL device 130G is formed
by layering the lower electrode layer 116G, the layer 118
including the light emitting layer, and the upper electrode
layer 119 in this order; and the organic EL device 130B is
formed by layering the lower electrode layer 116B, the layer
118 including the light emitting layer, and the upper electrode
layer 119 in this order. When the organic EL devices 130R,
130G, and 130B are formed, for example, as shown in FIG. 3,
the layer 118 including the light emitting layer and the upper
electrode layer 119 are formed so that the layer 118 including
the light emitting layer and the upper electrode layer 119 are
continuously extended through on the lower electrode layers
116R, 116G, and 116B, and are shared by each organic EL
device 130R, 130G, and 130B. In addition, as shown in FIG.
3 and FIG. 4, the contact layers 1161R, 1161G, and 1161B
composing partof the lower electrode layers 116R, 116G, and
116B are formed and contacted on the driving substrate 111,
more specifically on the planarizing layer 115 provided so
that the planarizing layer 115 covers the driving substrate
111. Subsequently, the protective layer 120 is formed so that
the protective layer 120 covers the upper electrode layer 119,
and thereby the driving panel 110 is formed.

Subsequently, the color filter 152 including the red region
152R, the green region 152G, and the blue region 152B is
formed correspondingly to the organic EL devices 130R,
130G, and 130B over the sealing substrate 151, and thereby
the sealing panel 150 is formed.

Finally, the driving panel 110 and the sealing panel 150 are
bonded together by using the adhesive layer 160 so that the
organic EL devices 130R, 130G, and 130B are sandwiched
between the driving substrate 111 and the sealing substrate
151, and thereby the display unit 101 is completed.

When the main section of the display unit 101, the lower
electrode layers 116R, 116G, and 116B are formed, first, as
shown in FIG. 6, by using sputtering for example, the contact
layer 1161 (thickness is about 20 mm), the resonant layer
1162 (thickness is about 100 nm), and a barrier layer portion
11631 as a first barrier layer portion (thickness is T1) are
formed and layered in this order so that the driving substrate
111, which is shown in FIG. 3, more particularly the planariz-
ing layer 115 provided on the driving substrate 111 is thereby
covered. The contact layer 1161, the resonant layer 1162, and
the barrier layer portion 11631 are preparation layers to
finally become part of each lower electrode layer 116R,
116G, and 116B by being provided with patterning by using
etching process. When the contact layer 1161 and the barrier
layer portion 11631 are formed, as a formation material, the
metal, the metal oxide, the metal nitride, or the metal com-
pound, which is described above, is used, for example, [TO is
used. Further, when the resonant layer 162 is formed, as a
formation material, silver or the alloy containing silver, which
is described above, is used, for example, silver-palladium-
copper alloy (AgPdCu) is used. In this case, in particular, as
described above with reference to FIG. 4, the thickness T1 of
the barrier layer portion 11631 is set so that the resonant
length necessary to convert white light to the blue light eb by
utilizing light interference phenomenon in the organic EL
device 130B can be secured based on the thickness T1.

Formation conditions of the contact layer 1161, the reso-
nant layer 1162, and the barrier layer portion 11361 are as
follows, for example. That is, as sputtering gas, mixed gas
obtained by mixing 0.3% of oxygen (O,) with argon (Ar) is
used for forming the contact layer 1161 and the barrier layer
portion 11631, and argon gas is used for forming the resonant
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layer 1162. Further, as sputtering conditions, in all cases,
pressure=about 0.5 Pa and DC output=about 500 W are used.

Subsequently, after the barrier layer portion 11631 is
coated with a photoresist to form a photoresist film (not
shown), the photoresist film is provided with patterning by
using photolithography process, and thereby, as shown in
FIG. 7, of the barrier layer portion 11631, on a region SB as
a first region where the organic EL device 130B is to be
formed, an etching mask 171 as a first mask made of, for
example, a photoresist film is pattern-formed.

Subsequently, as shown in FIG. 7, by using sputtering for
example, a barrier layer portion 11632 (thickness is T2) as a
second barrier layer portion is formed so that the barrier layer
portion 11632 covers the etching mask 171 and the peripheral
barrier layer portion 11631. The barrier layer portion 11632 is
a preparation layer to finally become part of each lower elec-
trode layer 116R and 116G. When the barrier layer portion
11632 is formed, as described above with reference to FIG. 4,
the thickness T2 of the barrier layer portion 11632 is set so
that the resonant length necessary to convert white light to the
green light eg by utilizing light interference phenomenon in
the organic EL, device 130G can be secured based on the
thickness (T1+T2). As a material of the barrier layer portion
11632, for example, a material similar to the material of the
barrier layer portion 11631 is used.

Subsequently, as shown in FIG. 8, of the barrier layer
portion 11632, on a region SG as a second region where the
organic EL device 130G is to be formed, an etching mask 172
as a second mask made of, for example, a photoresist film is
pattern-formed.

Subsequently, as shown in FIG. 8, by using sputtering for
example, a barrier layer portion 11633 (thickness is T3) as a
third barrier layer portion is formed so that the barrier layer
portion 11633 covers the etching mask 172 and the peripheral
barrier layer portion 11632. The barrier layer portion 11633 is
a preparation layer to finally become part of the lower elec-
trode layer 116R. When the barrier layer portion 11633 is
formed, as described above with reference to FIG. 4, the
thickness T3 of the barrier layer portion 11633 is set so that
the resonant length necessary to convert white light to the red
light er by utilizing light interference phenomenon in the
organic EL device 130R can be secured based on the thick-
ness (T1+T2+T3). As a material of the barrier layer portion
11633, for example, a material similar to the materials of the
barrier layer portions 11631 and 11632 is used.

Subsequently, as shown in FIG. 9, of the barrier layer
portion 11633, on a region SR as a third region where the
organic EL device 130R is to be formed, an etching mask 173
as a third mask made of, for example, a photoresist film is
pattern-formed.

Subsequently, by using a series of etching masks 171 to
173, the contact layer 1161, the resonant layer 1162, the
barrier layer portions 11631 to 11633 are continuously etched
and provided with patterning. Thereby, as shown in FIG. 10,
of the contact layer 1161, the resonant layer 1162, the barrier
layer portions 11631 to 11633, portions other than the por-
tions covered with the etching masks 171 to 173 are selec-
tively removed. By the etching process, the contact layer
1161, the resonant layer 1162, and the barrier layer portions
11631 to 11633 are separated according to every region, SR,
SG, and SB. Specifically, in the region SB, a three-layer
structure of the contact layer 1161, the resonant layer 1162,
and the barrier layer portion 11631 is left; in the region SG, a
four-layer structure of the contact layer 1161, the resonant
layer 1162, and the barrier layer portions 11631 and 11632 is
left; and in the region SR, the five-layer structure of the
contact layer 1161, the resonant layer 1162, and the barrier
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layer portions 11631 to 11633 is left. Since the etching masks
171 to 173 themselves are etched in the etching process, the
thickness of the etching masks 171 to 173 is decreased.

Finally, by removing the etching masks 171 to 173, as
shown in FIG. 11, by the remaining structures of the contact
layer 1161, the resonant layer 1162, and the barrier layer
portions 11631 to 11633, the lower electrode layers 116R,
116G, and 116B shown in FIG. 4 are completed. Specifically,
in the region SB where the organic EL device 130B for
emitting blue light eb is to be formed, the lower electrode
layer 116B having a lamination structure in which the contact
layer 1161B, the resonant layer 1162B, and the barrier layer
1163B (1163B1) are layered is formed, and the barrier layer
1163B is formed as a monolayer structure composed of the
barrier layer portion 11631 (barrier layer 1163B1). Further, in
the region SG where the organic EL device 130G for emitting
green light eg is to be formed, the lower electrode layer 116G
having a lamination structure in which the contact layer
1161G, the resonant layer 1162G, and the barrier layer 1163G
are layered is formed, and the barrier layer 1163G is formed
as a two-layer structure composed of the barrier layer portion
11631 (lower barrier layer 1163G1) and the barrier layer
portion 11632 (upper barrier layer 1163G2). Further, in the
region SR where the organic EL device 130R for emitting the
red light er is to be formed, the lower electrode layer 116R
having a lamination structure in which the contact layer
1161R, the resonant layer 1162R, and the barrier layer 1163R
are layered is formed, and the barrier layer 1163R is formed
as a three-layer structure composed of the barrier layer por-
tion 11631 (lower barrier layer 1163R1), the barrier layer
portion 11632 (intermediate barrier layer 1163R2), and the
barrier layer portion 11633 (upper barrier layer 1163R3).

The foregoing thicknesses T1, T2, and T3 can be freely set
as long as the red light er, the green light eg, and the blue light
eb can be respectively emitted in the organic EL devices
130R, 130G, and 130B finally. As an example, when the total
thickness of the layer 118 including the light emitting layer is
about from 40 nm to 70 nm, the thicknesses of T1, T2, and T3
are about from 2 nm to 100 nm. As a more specific example,
when the total thickness of the layer 118 including the light
emitting layer is about from 50 nm to 60 nm, T1 is about 2 nm
to 20 nm, (T1+T2) is about from 20 nm to 50 nm, and (T1+
T2+T3) is about from 50 nm to 80 nm. For reference, for
example, the auxiliary wiring 140 shown in FIG. 3 can be
formed in parallel through a procedure similar to the forma-
tion procedure of the organic EL device 130R.

In the display unit according to this embodiment, as shown
in FIG. 3 and FIG. 4, the lower electrode layers 116R, 116G,
and 116B of the organic EL devices 130R, 130G, and 130B
have the structures in which the contact layers 1161R, 1161G,
and 1161B; the resonant layers 1162R, 1162G, and 1162B;
and the barrier layers 1163R, 1163G, and 1163B are layered
from the driving substrate 111 side. The thicknesses DR, DG,
and DB of the barrier layers 1163R, 1163G, and 1163B are
different from each other among each organic EL device
130R, 130G, and 130B (DR>DG>DB). Therefore, for
example, as described above as “operation of the display unit
101,” by utilizing light interference phenomenon resulting
from the difference of the resonant length among the organic
EL devices 130R, 130G, and 130B based on the difference
among the thicknesses DR, DG, and DB, white light gener-
ated in the layer 118 including the light emitting layer can be
converted to three color light, that is, the red light er, the green
light eg, and the blue light eb. Therefore, in this embodiment,
images can be displayed by utilizing the three color light er,
eg, and eb.
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In particular, in this embodiment, based on the structural
characteristics capable of constructing the foregoing display
mechanism, differently from the traditional display unit
described in the foregoing “BACKGROUND ART,” there are
advantages in both the display performance aspect and the
manufacturability aspect as described below.

That is, regarding the manufacturing potency aspect, dif-
ferently from the traditional display unit, in which separate
coating by using a metal mask is needed when three kinds of
light emitting layers are vapor-deposited due to the structural
factor that the three kinds of light emitting layers capable of
separately generating each color light are utilized for emitting
three color (R, G, and B) light, as shown in FIG. 5, in this
embodiment, one kind of light emitting layer 1182 capable of
generating single color light (white light) is utilized for emit-
ting the three color light er, eg, and eb, that is, the light
emitting layer 1182 is standardized among each organic EL
device 130R, 130G, and 130B, and it is not necessary to
separately coat the light emitting layer 1182 by using a metal
mask. Therefore, the display size is possibly jumboized.

Meanwhile, regarding the display performance aspect, dif-
ferently from the traditional display unit, in which based on
utilization of the light emitting layer for generating white
light, only the high concentration and thick color filter for
color conversion is utilized to convert the white light to three
color (R, G, and B) light, in this embodiment, instead of using
only the color filter for color conversion, as shown in FIG. 3
and FIG. 4, together with the color filter 152, light interfer-
ence phenomenon resulting from the difference in the reso-
nant length among the organic EL devices 130R, 130G, and
130B based on the difference among the thicknesses DR, DG,
and DB as described above is used to convert white color to
the three color light er, eg, and eb. Therefore, the concentra-
tion of the color filter 152 may be low and the thickness
thereof may be thin. In the result, in color conversion, light
utilization loss resulting from light absorption of the color
filter 152 can be prevented from being increased, that is, light
utilization efficiency can be secured.

Therefore, in this embodiment, since it becomes possible
to obtain advantages in both the display performance aspect
and the manufacturing potency aspect, securing display per-
formance and securing manufacturing potency can be com-
patible with each other. In this case, in particular in the manu-
facturing aspect, based on the fact that separate coating of the
light emitting layer 1182 using a metal mask becomes unnec-
essary, it becomes possible to prevent defect in the light
emitting layer 1182 caused by particles mixed therein in the
separate coating operation.

Further, in this embodiment, the organic EL devices 130R,
130G, and 130B respectively include the resonant layers
1162R, 1162G, and 1162B, and have the resonant structure,
in which light is resonated between the resonant layers
1162R, 1162G, and 1162B and the upper electrode layer 119.
Therefore, as described as “operation of the display unit 101,”
color purity of the light er, eg, and eb is improved. Therefore,
for each light er, eg, and eb, high quality spectrum with high
peak intensity and narrow wavelength width can be secured,
and images with superior color reproducibility can be dis-
played. In this case, in particular, when the resonant layers
1162R, 1162G, and 1162B are made by using high reflective
silver or an alloy containing silver, utilization efficiency of
light to be resonated is improved, and therefore display per-
formance can be more improved.

Further, in this embodiment, as described above, the barrier
layers 1163R, 1163G, and 1163B carry out a function for
providing the difference in the resonant length among the
organic EL devices 130R, 130G, and 130B, and carry out a
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function for protecting the resonant layers 1162R, 1162G,
and 1162B. Therefore, the resonant layers 1162R, 1162G,
and 1162B are prevented from reacting with oxygen or sulfur
in the atmosphere and being oxidized or corroded, or from
reacting with a chemical used in the manufacturing steps of
the display unit 101 and being corroded.

Further, in this embodiment, the lower electrode layers
116R, 116G, and 116B include the contact layers 1161R,
1161G, and 1161B, which are intended to improve contact
characteristics with the planarizing layer 115. Therefore, the
lower electrode layers 116R, 116G, and 116B can be firmly
fixed to the planarizing layer 115.

Further, in this embodiment, the barrier layers 1163R,
1163G, and 1163B are made of the material with a work
function larger than of the resonant layers 1162R, 1162G, and
1162B. Therefore, the injection amount of electron holes into
the light emitting layer 1182 can be increased.

In the method of manufacturing a display unit according to
this embodiment, for forming the lower electrode layers
116R, 116G, and 116B characterized in that the thicknesses
DR, DG, and DB of the barrier layers 1163R, 1163G, and
1163B are different from each other among each organic EL
device 130R, 130G, and 130B, only the existing thin film
process is used, and a new and complicated manufacturing
processes are not used. Furthermore, based on utilization of
the existing thin film process, the lower electrode layers
116R, 116G, and 116B can be formed continuously and with
good reproducibility. Therefore, in this embodiment, the dis-
play unit 101 including the lower electrode layers 116R,
116G, and 116B can be easily and stably manufactured.

[Third Embodiment]

Next, a third embodiment of the present invention will be
described.

A display unit according to this embodiment has a structure
similar to the structure (FIG. 3 to FIG. 5) of the display 101
described in the foregoing second embodiment, except that
the formation steps of the lower electrode layers 116R, 116G,
and 116B are different, and the display unit according to this
embodiment can be manufactured by using manufacturing
steps similar to the manufacturing steps of the display unit
101. In this display unit, in particular, for example, in order to
precisely form the barrier layers 1163R, 1163G, and 1163B
of the lower electrode layers 116R, 116G, and 116B, it is
preferable that the barrier layer portion 11631 is made of tin
oxide (SnO,) or chromium oxide (CrO), the barrier layer
portion 11632 is made of ITO, and the barrier layer portion
11633 is made of [ZO.

FIG. 12 to FIG. 19 are intended to explain the manufactur-
ing steps of the lower electrode layers 116R, 116G, and 116B
of the display unit. All figures represent a cross section struc-
ture corresponding to FIG. 4. In FIG. 12 to FIG. 19, the same
components as the components described in the foregoing
second embodiment are affixed with the same symbols.

When the lower electrode layers 116R, 116G, and 116B are
formed, first, as shown in FIG. 12, by using sputtering for
example, the contact layer 1161 (thickness is about 20 nm),
the resonant layer 1162 (thickness is about 100 nm), the
barrier layer portion 11631 as a first barrier layer portion
(thickness is T1), a barrier layer portion 11632 as a second
layer section (thickness is T2), a barrier layer portion 11633
as a third barrier layer portion (thickness is T3) are formed
and layered in this order over the planarizing layer 115. As a
material of the contact layer 1161 and the barrier layer por-
tions 11631 to 11633, the metal, the metal oxide, the metal
nitride, or the metal compound described in the foregoing
second embodiment is used. For example, as the contact layer
1161 and the barrier layer portion 11632, ITO is used; as a
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barrier layer portion 11631, tin oxide (SnQ,) is used; and as a
barrier layer portion 11633, IZO is used. Further, as a material
of the resonant layer 1162, silver or the alloy containing
silver, which are described in the foregoing second embodi-
ment, is used, for example, silver-palladium-copper alloy
(AgPdCu) is used. When the barrier layer portions 11631 to
11633 are formed, as described above with reference to FIG.
4, the thicknesses T1 to T3 are respectively set so that the
resonant length necessary to convert white light to the red
light er, the green light eg, and the blue light eb by utilizing
light interference phenomenon in the organic FL devices
130R, 130G, and 130B can be secured. In particular, when the
barrier layer portion 11632 made of ITO is formed, for
example, in order to enable the barrier layer portion 11632 to
function as a stop layer for stopping progress of etching
process when the barrier layer portion 11633 made of IZO is
wet-etched in the subsequent step, the barrier layer portion
11632 is deposited at high temperatures, or anealed and crys-
tallized after the deposition. When the contact layer 1161, the
resonant layer 1162, and the barrier layer portions 11631 to
11633 are formed and layered by using sputtering, for
example, such series of layers are continuously formed in the
same vacuum environment.

Formation conditions of the contact layer 1161, the reso-
nant layer 1162, and the barrier layer portions 11631 to 11633
are as follows, for example. That is, as sputtering gas, mixed
gas obtained by mixing 0.3% of oxygen (O,) with argon (Ar)
is used for forming the contact layer 1161 and the barrier layer
portion 11632, argon gas is used for forming the resonant
layer 1162, mixed gas obtained by mixing 0.5% of oxygen
(0,) with argon (Ar) is used for forming the barrier layer
portion 11631, and mixed gas obtained by mixing 1.0% of
oxygen (O, ) with argon (Ar) is used for forming the barrier
layer portion 11633. Further, as sputtering conditions, in all
cases, pressure=about 0.5 Pa and DC output=about 500 W are
used.

Subsequently, as shown in FIG. 13, of the barrier layer
portion 11633, on the region SR as a first region where the
organic EL device 130R is to be formed, an etching mask 181
as a first mask made of, for example, a photoresist film is
pattern-formed.

Subsequently, the barrier layer portion 11633 is etched and
provided with patterning by using wet etching together with
the etching mask 181, and thereby as shown in FIG. 14, of the
barrier layer portion 11633, the portions other than the por-
tions covered by the etching mask 181 is selectively removed,
and the barrier layer portion 11633 is left in the region SR, and
the barrier layer portion 11632 is exposed in the peripheral
region of the region SR. When the wet etching process is
performed, as an etchant, for example, mixed acid of phos-
phoric acid (H;PO,), nitric acid (HNQ,), and acetic acid
(CH;COOH) or oxalic acid (C,H,0,) is used. In the wet
etching process, as described above, the barrier layer 11632
made of crystallized ITO with tolerance to the etchant func-
tions as a stop layer, and progress of the etching process is
stopped when etching of the barrier layer portion 11633 is
completed. Therefore, the etching process is prevented from
being performed for the barrier layer portion 11632.

Subsequently, as shown in FIG. 15, of the exposed face of
the barrier layer portion 11632, on the region SG as a second
region where the organic EL device 130G is to be formed, an
etching mask 182 as a second mask made of, for example, a
photoresist film is pattern-formed. When the etching mask
182 is formed, for example, according to needs, the used
etching mask 181 is once removed before the etching mask
182 is formed, and then the etching mask 181 is newly formed
again at the same time when the etching mask 182 is formed.
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Subsequently, the barrier layer portion 11632 is etched and
provided with patterning by using wet etching together with
the etching masks 181 and 182, and thereby as shown in FIG.
16, of the barrier layer portion 11632, the sections other than
the sections covered by the etching masks 181 and 182 are
selectively removed, and the barrier layer portion 11632 is
left in the regions SR and SG, and the barrier layer portion
11631 is exposed in the peripheral region of the regions SR
and SG. When the wet etching process is performed, as an
etchant, for example, hydrochloric acid (HC), acid contain-
ing hydrochloric acid, mixed acid of hydrofluoric acid and
nitric acid is used. In the wet etching process, as in the fore-
going barrier layer portion 11632, the barrier layer 11631
made of tin oxide with tolerance to the etchant functions as a
stop layer, and progress of the etching process is stopped
when etching of the barrier layer portion 11632 is completed.
Therefore, the etching process is prevented from being per-
formed for the barrier layer portion 11631.

Subsequently, as shown in FIG. 17, of the exposed face of
the barrier layer portion 11631, on the region SB as a third
region where the organic EL device 130B is to be formed, an
etching mask 183 as a third mask made of, for example, a
photoresist film is pattern-formed. When the etching mask
183 is formed, for example, according to needs, the used
etching masks 181 and 182 are once removed before the
etching mask 183 is formed, and then the etching masks 181
and 182 are newly formed again at the same time when the
etching mask 183 is formed.

Subsequently, by using dry etching together with the etch-
ing masks 181 to 183, the contact layer 1161, the resonant
layer 1162, and the barrier layer portion 11631 are continu-
ously etched and provided with patterning. Thereby, as shown
in FIG. 18, of the contact layer 1161, the resonant layer 1162,
and the barrier layer portion 11631, portions other than the
portions covered by the etching masks 181 to 183 are selec-
tively removed. By the etching process, the contact layer
1161, the resonant layer 1162, and the barrier layer portion
11631 are separated for every region, SR, SG, and SB. Spe-
cifically, in the region SR, the five-layer structure of the
contact layer 1161, the resonant layer 1162, and the barrier
layer portions 11631 to 11633 is left; in the region SG, a
four-layer structure of the contact layer 1161, the resonant
layer 1162, and the barrier layer portions 11631 and 11632 is
left; and in the region SB, a three-layer structure of the contact
layer 1161, the resonant layer 1162, and the barrier layer
portion 11631 is left. Since the etching masks 181 to 183
themselves are etched in the etching process, the thickness of
the etching masks 181 to 183 is decreased.

Finally, by removing the etching masks 181 to 183, as
shown in FIG. 19, by the foregoing remaining structures of
the contact layer 1161, the resonant layer 1162, and the bar-
rier layer portions 11631 to 11633, the lower electrode layers
116R, 116G, and 116B shown in FIG. 4 are completed as in
the case shown in FIG. 11 in the foregoing second embodi-
ment.

In the method of manufacturing a display unit according to
this embodiment, the lower electrode layers 116R, 116G, and
116B can be continuously formed with favorable reproduc-
ibility by using only the existing thin film process. Therefore,
as in the second embodiment, the display unit 101 can be
manufactured easily and stably.

In particular, in this embodiment, the barrier layer portions
11631 to 11633 are formed by using the material having
tolerance to the etchant different from each other. Specifically
the barrier layer portion 11632 is formed by using the material
having tolerance to the etchant for wet-etching the barrier
layer portion 11633, and similarly the barrier layer portion
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11631 is formed by using the material having tolerance to the
etchant for wet-etching the barrier layer portion 11632.
Therefore, the barrier layer portion 11632 functions as a stop
layer to stop etching process when the barrier layer portion
11633 is etched. Similarly, the barrier layer portion 11631
functions as a stop layer when the barrier layer portion 11632
is etched. Therefore, the etching process is prevented from
being performed for the sections for which etching process is
not necessary, and therefore the lower electrode layers 116R,
116G, and 116B can be high-precisely formed.

Further, in this embodiment, when the contact layer 1161,
the resonant layer 1162, and the barrier layer portions 11631
to 11633 are formed and layered by sputtering, the series of
layers is continuously formed in the same vacuum environ-
ment. Therefore, differently from the case that the series of
layers is formed through a plurality of vacuum environments,
that is, vacuum environment and atmospheric environment,
foreign objects in the atmospheric environment is prevented
from being mixed between each layer, and the interface of
each layer can be maintained clean.

Operation, action, and effect of the display unit of the
present invention are similar to of the foregoing second
embodiment.

In the second and the third embodiments, as shown in FIG.
5, in order to emit white light in the light emitting layer 1182,
the light emitting layer 1182 is structured as the three-layer
structure, in which the red light emitting layer 1182R, the
green light emitting layer 1182G, and the blue light emitting
layer 1182B are layered. However, the structure of the light
emitting layer 1182 is not limited thereto, and may be freely
changed as long as the white light can be emitted. As a
structure of the light emitting layer 1182 other than the fore-
going three-layer structure, for example, (1) a monolayer
structure using a white light emitting material capable of
emitting white light, (2) a monolayer structure using a mixed
material, in which a red light emitting material, a green light
emitting material, and a blue light emitting material are
mixed, (3) a two-layer structure, in which a mixed light emit-
ting layer made of a mixed material of a red light emitting
material and a green light emitting material and other mixed
light emitting layer made of a mixed material of a green light
emitting material and a blue light emitting material are lay-
ered and the like can be used. In the foregoing all cases,
effects similar to of the second and third embodiments can be
obtained.

Further, in the foregoing second and the third embodi-
ments, white light is generated in the light emitting layer
1182. However, color of light generated in the light emitting
layer 1182 is not limited thereto, and may be freely changed,
for example, as long as light generated in the light emitting
layer 1182 can be converted to the three color light er, eg, and
eb by utilizing the difference in the resonant length among
each organic EL device 130R, 130G, and 130B. In this case,
effects similar to of the foregoing second and the third
embodiments can be obtained.

Further, in the second and the third embodiments, the case
in which the thicknesses DR, DG, and DB of the barrier layers
1163R, 1163G, and 1163B, which compose each organic EL
device 130R, 130G, and 130B, are in relation of DR>DG>DB
has been described. However, the relation among the thick-
nesses DR, DG, and DB is not necessarily limited thereto. As
long as effects similar to of the foregoing second and third
embodiments can be obtained, the relation among the thick-
nesses DR, DG, and DB can be freely changed. In this regard,
more specifically, the relation of DR>DG>DB described in
the foregoing second and third embodiments is effected when
the relation of mR=mG=mB (for example, mR=mG=mB=0)
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is effected among mR, mG, and mB in the series of formulas
(3B) to (3R). Therefore, according to setting of the values of
mR, mG, and mB, the relation among the thicknesses DR,
DG, and DB may be changed. As an example, when the
relation of mR (mG)#mB (for example, mR=mG=0, and
mB=1) is effected among mR, mG, and mB, the relation of
DB>DR>DG is effected among the thicknesses DR, DG, and
DB. In this case, in particular, the thickness of the thickest
barrier layer 1163B is about 100 nm or more.

In the foregoing second and third embodiments, as shown
in FIG. 3 and FIG. 4, the case in which the present invention
is applied to the top emission type display unit has been
described. However, applicable type is not limited thereto, but
for example, as shown in FIG. 20 and FIG. 21, the present
invention may be applied to a bottom emission type display
unit. FIG. 20 shows a cross sectional configuration of a bot-
tom emission type display unit 102. F1G. 21 shows a model of
a cross sectional structure of the organic EL devices 130R,
130G, and 130B and the auxiliary wiring 140, which com-
pose the display unit 102 shown in FIG. 20. The display unit
102 has a configuration almost similar to of the top emission
type display unit 101 shown in FIG. 3, except that as shown in
FIG. 20 mainly, (1) the TFT 112 (1121 to 1123) is arranged
not correspondingly to the arrangement position of the
organic EL device 130 (130R, 130G, and 130B) but arranged
so that the TFT 112 is shifted from the position corresponding
to the organic EL device 130, (2) the color filter 152 is
arranged between the driving substrate 111 and the TFT 112,
the interlayer insulating layer 113, and (3) as shown in FIG.
21, the thicknesses of the resonant layers 1162R, 1162G, and
1162B are thinner than the thickness of the upper electrode
layer 119. In the display unit 102, the organic EL devices
130R, 130G, and 130B emit light er, eg, and eb resonated
between the resonant layers 1162R, 1162G, and 1162B and
the upper electrode layer 119 through the lower electrode
layers 116R, 116G, and 116B. The thicknesses of the reso-
nant layers 1162R, 1162G, and 1162B in this case are about
from 1 nm to 50 nm, and the thickness of the upper electrode
layer 119 is about from 100 nm to 300 nm. In the bottom
emission type display unit 102, for example, instead that the
protective layer 120, the adhesive layer 160, and the sealing
panel 150 (sealing substrate 151) are included as shown in
FIG. 20, in some cases a hollow sealing cap containing deoxi-
dizer may be included. In the bottom emission type display
unit 102, effects similar to of the top emission type display
unit 101 described in the second and the third embodiments
can be also obtained.

Further, in the foregoing second and third embodiments,
the case in which the organic light emitting unit of the present
invention is applied to the organic EL display as a display unit
has been described. However, the application is not limited
thereto, and for example, the organic light emitting unit of the
present invention may be applied to a display unit other than
the organic EL display. Needless to say, the organic light
emitting unit of the present invention can be applied to equip-
ment other than display units, for example. As “equipment
other than display units,” for example, a lighting system or the
like can be cited. In such a case, effects similar to of each
embodiment described above can be obtained.

Next, manufacturing procedures of display units of specific
examples of the present invention and comparative examples
relative to the examples will be described, and then evaluation
results thereof will be described.

EXAMPLE 1

In Example 1, the top emission type display unit 1 for
performing full color display, which has been described with
reference to FIG. 1, was fabricated as follows.



US 7,973,319 B2

33

First, on the substrate 2 made of a glass plate, the lower
electrode 4 made of chromium (film thickness as about 100
nm) as an anode becoming a mirror, and the transparent
conductive layers 5B, 5G, and 5R made of TTO with each film
thickness were pattern-formed. Next, a cell for organic EL
device, in which regions other than light emitting regions of 2
mmx2 mm in the surface central portions of the transparent
conductive layers 5B, 5G, and SR were masked by an insu-
lating film (not shown) was fabricated. Next, a metal mask
having an aperture over the exposed portions of the transpar-
ent conductive layers 5B, 5G. and 5R becoming each light
emitting region was arranged over the substrate 2 in proxim-
ity thereto, and the function layer 6 of the organic EL device
having the light emitting spectrum through blue, green, and
red was formed on the transparent conductive layers 5B, 5G,
and 5R and the insulating film by vacuum vapor deposition
method under vacuum of 107* Pa or less. After that, as a
cathode becoming a half mirror, the upper electrode 7 was
formed by depositing a thin film being 12 nm thick at a
co-deposition ratio of Mg:Ag=10:1, and further depositing
ITO being 150 nm thick so that the reflectance was in the
range from 0.1% to less than 50%. Thereby, the display unit 1
of Example 1 was obtained. The reflectance of the cathode as
ahalfmirror was 45% with respect to light with wavelength of
550 nm.

In the display unit of Example 1, the optical distance L,
which was the minimum value among the optical distances L.
of the oscillation section meeting the foregoing formula (1)
was set so that extraction of light (blue: wavelength A=460
nm, green: wavelength A=530 nm, and red: wavelength
A=630 nm) extracted from each organic EL. device 3B, 3G,
and 3R became the maximum. That is, the optical distance Lt
and Lf in the foregoing formula (2) were set so that the value
of m in the formula (1) became m (blue)=0, m (green)=0, and
m (red)=0. Inthis case, the film thickness of the function layer
6 was 73 nm, and the optical distance Lt of each transparent
conductive layer 5B, 5G, and 5R was set to Lt (blue)=10 nm,
Lt (green)=41 nm, and Lt (red)=75 nm so that the formula (2)
was met.

EXAMPLE 2

The display unit 1 was fabricated as in Example 1, except
that the optical distances Lt and Lf were set so that the value
of m became m (blue)=1, m (green)=0, and m (red)=0, that is,
the film thickness of the function layer 6 was 80 nm, the film
thickness of the cathode was 9 nm, and the optical distance Lt
was Lt (blue)=110 nm, Lt (green)=10 nm, and Lt (red)=44
nm. The reflectance of the cathode in this case was 30% with
respect to light with wavelength of 550 nm.

EXAMPLE 3

The display unit 1 was fabricated as in Example 1, except
that the optical distances Lt and Lf were set so that the value
of m became m (blue)=1, m (green)=1, and m (red)=0, that is,
the film thickness of the function layer 6 was 105 nm, the film
thickness of the cathode was 6 nm, and the optical distance Lt
was Lt (blue)=85 nm, Lt (green)=135 nm, and Lt (red)=10
nm. The reflectance of the cathode in this case was 15% with
respect to light with wavelength of 550 nm.

EXAMPLE 4

The display unit 1 was fabricated as in Example 1, except
that the optical distances Lt and Lf were set so that the value
of m became m (blue)=1, m (green)=1, and m (red)=1, that is,
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the film thickness of the function layer 6 was 175 nm, the film
thickness of the cathode was 6 nm, and the optical distance Lt
was Lt (blue)=10 nm, Lt (green)=65 nm, and Lt (red)=130
nm. The reflectance of the cathode in this case was 15% with
respect to light with wavelength of 550 nm.

EXAMPLE 5

The display unit 1 was fabricated as in Example 1, except
that the optical distances Lt and Lf were set so that the value
of m became m (blue)=2, m (green)=1, and m (red)=1, that is,
the film thickness of the function layer 6 was 240 nm, the film
thickness of the cathode was 6 nm, and the optical distance Lt
was Lt (blue)=95 nm, Lt (green)=10 nm, and Lt (red)=70 nm.
The reflectance of the cathode in this case was 15% with
respect to light with wavelength of 550 nm.

COMPARATIVE EXAMPLE 1

In Comparative example 1, a bottom emission type display
unit, in which organic EL devices in which the same function
layer as of Example 1 was used and multiple interference by
light resonator structure was not used were arranged was
fabricated as follows.

First, on a substrate 2 made of a glass plate, as a lower
electrode becoming an anode, ITO (film thickness was about
180 nm), which was a transparent conductive material was
pattern-formed. Next, a cell for organic EL device, in which
regions other than light emitting regions of 2 mmx2 mmin the
surface central portions of the lower electrode made of ITO
were masked by an insulating film was fabricated. Next, a
metal mask having an aperture over the exposed sections of
the lower electrode becoming each light emitting region was
arranged over the substrate in proximity thereto, and a func-
tion layer similar to of the examples was formed. After that, as
a cathode becoming a mirror, an upper electrode was formed
by depositing a thin film being 200 nm thick at a co-deposi-
tion ratio of Mg: Ag=10:1. Thereby, the display unit of Com-
parative example 1 was obtained.

COMPARATIVE EXAMPLE 2

A display unit was fabricated as in Example 1, except that
the film thickness of the cathode was 20 nm. The reflectance
of the cathode in this case was 60% with respect to light with
wavelength of 550 nm.

For the display units of the examples and the comparative
examples fabricated as above, the spectrums of light extracted
from each organic EL device were measured.

FIG. 22 shows spectrums of light extracted from each
organic EL device 3B, 3G, and 3R of the display unit of
Example 1. From the figure, it was confirmed that light emit-
ting intensity of the spectrum was significantly different
among the blue, green, and red wavelength regions, and light
in the wavelength regions desired to be extracted from each
organic EL device 3B, 3G, and 3R was selectively extracted
by multiple interference effects.

Further, FIG. 23 shows simulation results in the case that
color filters of each color which transmit only the wavelength
of each color were provided correspondingly to each organic
EL device 3B, 3G, and 3R on the light emitting face side in the
display unit of Example 1. FIG. 24 shows transmittance char-
acteristics of the color filters of each color applied to the
display unit of Example 1. As shown in FIG. 23, it was
confirmed that by providing the color filters in combination,
in the display unit of Example 1, unnecessary wavelength
region component in the spectrums was decreased, and color
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purity of blue, green, and red light extracted from each
organic EL device 3B, 3G, and 3R was improved.

Meanwhile, FIG. 25 shows a spectrum of light extracted
from each organic EL device in the display unit of Compara-
tive example 1. From the figure, it was confirmed that each
organic EL device provided on the display unit of Compara-
tive example 1 emitted white light having light emitting
regions in all wavelength regions of blue, green, and red.

FIG. 26 shows simulation results in the case that each color
filter which transmits only the wavelength of each color of
blue, green, and red was provided correspondingly to each
organic EL device on the light emitting face side in the display
unit of Comparative example 1. Each color filter shall show
transmittance characteristics as in FIG. 24. As shown in FIG.
26, by providing the color filters for the display unit of Com-
parative example 1, color could be adjusted to blue, green,
and red. However, compared to the case that the color filters
were provided for the display unit of Example 1 as shown in
FIG. 23, the intensity of the spectrums was small and the color
purity was poor.

Further, FIG. 27 shows each chromaticity value of (a)
display unit of Example 1, (b) display unit of Example 1
provided with the color filters of FIG. 24, (c) display unit of
Comparative example 1, and (d) display unit of Comparative
example 1 provided with the color filters of FIG. 24, together
with chromaticity values of (e) NTSC (National Television
System Committee).

From the chromaticity diagram, it was confirmed as (a) and
(b) as follows. That is, (a) even in the display unit of Example
1 not provided with the color filters, favorable color chroma-
ticity was shown; and (b) by providing the color filters for the
display unit of Example 1, display with color chromaticity
equal to NTSC was enabled.

FIG. 28 shows simulation results in the case that color
filters were provided for the measured results of view angle
dependence (front and 45 deg) of the display unit of Example
1. FIG. 29 shows simulation results in the case that color
filters were provided for the measured results of view angle
dependence (front and 45 deg) of the display unit of Com-
parative example 2. From these figures, it was confirmed as
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follows. Thatis, when the reflectance of the cathode as a half
mirror was high, the view angle dependence of extracted light
was large, that is, change of Tuminance and chromaticity was
large. Meanwhile, when the reflectance of the cathode as a
half mirror was low, the view angle dependence of extracted
light was small, that is, change of luminance and chromaticity
was small. Though detailed data is not shown, based on the
results shown in FI1G. 28 and FIG. 29, the view angle depen-
dence was examined by simulation while changing the reflec-
tance of the cathode. In the result, it was confirmed that in
order to appropriately reduce view angle dependence of
extracted light, the reflectance of the cathode shall be in the
range from 0.1% to less than 50%.

Finally, Table 1 shows view angle dependence (front and
45 deg) of luminance and chromaticity in the case that color
filters were provided for the display units of Examples 1 to 5
and the display unit of Comparative example 2, respectively.
The luminance change ratio shown in Table 1 is a ratio
between the luminance at 45 deg and the luminance at the
front (=luminance at 45 deg/luminance at the front).

From Table 1, it was confirmed that in the display units of
Examples 1 to 5, the luminance change ratio was larger than
of the display unit of Comparative example 2, and therefore,
the view angle dependence was small compared to of the
display unit of Comparative example 2. Though detailed data
is not shown, based on the results shown in Table 1, view
angle dependence of luminance and chromaticity was simi-
larly examined while setting the optical distances Lt and Lfin
the foregoing formula (2) so that the value of m (m (blue), m
(green), and m (red)) in the foregoing formula (1) was
changed, not only in the display units under the conditions of
m (blue), m (green), and m (red)=0,0,0; 1,0,0; 1,1,0; 1,1,1;
and 2.1,1 corresponding to Examples 1 to 5, but also in the
display units under the conditions of m (blue), m (green), and
m (red)=2.2,1; and 2,2,2, the view angle dependence was
small compared to of the display unit of Comparative
example 2. From the foregoing series of results, it was con-
firmed that in the display unit of the present invention, favor-
able color reproducibility could be shown and the view angle
dependence of display color was small.

TABLE 1
Front 45 deg Luminance
Luminance Chromaticity Luminance Chromaticity transition

cd/m? X y cd/m? X y ratio

Example 1 blue 260 0.139 0.076 194 0.142 0.067 0.83
green 1240 0.267 0.649 1000 0.210 0.636
red 270 0.677 0.321 275 0.664 0336

Example 2  blue 342 0.133 0.078 175 0.140 0.060 0.77
green 1381 0.237 0.676 1032 0.151 0.628
red 473 0.679 0.318 475 0.657 0341

Example 3 blue 323 0.134 0.075 174 0.144 0.048 0.78
green 857 0.295 0.659 665 0.157 0.683
red 452 0.675 0.325 435 0.665 0333

Example4  blue 328 0.133 0.079 185 0.143 0.050 0.77
green 924 0.265 0.652 655 0.163 0.639
red 288 0.683 0.314 345 0.660 0339

Example 5 blue 244 0.130 0.078 122 0.150 0.037 0.77
green 919 0.279 0.647 678 0.174 0.648
red 337 0.790 0.318 349 0.658 0.341

Comparative blue 146 0.146 0.047 92 0.148 0.046 0.66
example 2 green 1000 0.197 0.694 644 0.147 0.611
red 266 0.677 0.323 193 0.648 0352
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Tt should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present invention and without
diminishing its intended advantages. It is therefore intended
that such changes and modifications be covered by the
appended claims.

The invention claimed is:

1. An organic light emitting unit comprising three organic
light emitting devices provided on a substrate, wherein the
three organic light emitting devices have a structure in which
a first electrode layer, a layer including a light emitting layer,
and a second electrode layer are layered from the substrate
side, and convert light generated in the light emitting layer to
light of three colors different from each other and emit the
converted light,

wherein the first electrode layer has a structure in which a

contact layer for improving contact characteristics with
the substrate, a resonant layer for resonating light gen-
erated in the light emitting layer between the resonant
layer and the second electrode layer, and a barrier layer
for protecting the resonant layer are layered from the
substrate side, and

the thickness of the barrier layer is different from each

other among the three organic light emitting devices,
and among the three organic light emitting devices each
barrier layer includes a number of sub-barrier layers, the
number of sub-barrier layers being different for each of
the respective barrier layers.

2. The organic light, emitting unit according to claim 1,
wherein the thickness of the layer including the light emitting
layer is equal to each other among the three organic light
emitting devices.

3. The organic light emitting unit according to claim 1,
wherein the layer including the light emitting layer is an
organic layer.

4. The organic light emitting unit according to claim 1,
wherein the light emitting layer generates light of color equal
to each other among the three organic light emitting devices.

5. The organic light emitting unit according to claim 1,
wherein the light emitting layer has a structure in which a red
light emitting layer for generating red light, a green light
emitting layer for emitting green light, and a blue light emit-
ting layer for generating blue light are layered from the first
electrode layer side.

6. The organic light emitting unit according to claim 1,
wherein the thickness of the barrier layer ranges from 1 nm to
100 nm.

7. The organic light emitting unit according to claim 1,
wherein the barrier layer is made of a light transmissible
material containing at least one metal from the group consist-
ing of indium, tin, zinc, cadmium, titanium, chromium, gal-
lium, and aluminum; an alloy of the metal; a metal oxide
thereof; and a metal nitride thereof.

8. The organic light emitting unit according to claim 1,
wherein the barrier layer is made of a light transmissible
material containing at least one metal oxide from the group
consisting of indium tin oxide, indium zinc¢ oxide, indium
oxide, tin oxide, zinc oxide, cadmium oxide, titanium oxide,
and chromium oxide.

9. The organic light emitting unit according to claim 1,
wherein the barrier layer is made of a material with work
function larger than of the resonant layer.

10. The organic light emitting unit according to claim 1,
wherein the contact layer is made of at least one metal from
the group consisting of chromium, indium, tin, zinc, cad-
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mium, titanium, aluminum, magnesium, and molybdenum;
an alloy of the metal; a metal oxide thereof; or a metal nitride
thereof.

11. The organic light emitting unit according to claim 1,
wherein the resonant layer is made of silver or an alloy con-
taining silver.

12. The organic light emitting unit according to claim 1,
wherein the resonant layer is made of an alloy containing
silver and at least one from the group consisting of palladium,
neodymium, samarium, yttrium, cerium, europium, gado-
linium, terbium, dysprosium, erbium, ytterbium, scandium,
ruthenium, copper, and gold.

13. The organic light emitting unit according to claim 1,
wherein a planarizing layer for flattening a base region on
which the three organic light emitting devices are arranged is
provided for the substrate, and

the contact layer is intended to improve contact character-

istics with the planarizing layer.

14. The organic light emitting unit according to claim 1,
wherein the optical distance [ between the resonant layer and
the second electrode layer satisfies a following formula (3):

&)
wherein regarding L, A, ¢, and m, L represent an optical
distance between the resonant layer including a first end
face adjacentto the barrier layer in the resonant layer and
the second electrode layer including a second end face
adjacent to the layer including the light emitting layer in
the second electrode layer; A represents peak wave-
length of the spectrum of light desired to be emitted; ¢
represents a phase shift of reflected light generated on
the resonant layer including the first end face and the
second electrode layer including the second end face;
and m represents 0 or an integer, respectively.

15. The organic light emitting unit according to claim 1,

wherein each of the three organic light emitting devices

include a bottom sub-barrier layer having a first thick-
ness such that top surfaces of each of the three bottom
sub-barrier layers are coplanar,
wherein two of the three organic light emitting devices
include a middle sub-barrier layer having a second
thickness and being formed directly on the respective
bottom sub-barrier layers, such that top surfaces of each
of the two middle sub-barrier layers are coplanar, and

wherein one of the three organic light emitting devices
include a top sub-barrier layer having a third thickness
and being formed directly on the respective middle sub-
barrier layer.

16. The organic light emitting unit according to claim 1,
wherein the thickness of the barrier layer is different from
each other correspondingly to the light of three colors emitted
from the three organic light emitting devices.

17. The organic light emitting unit according to claim 16,
wherein the thickness of the barrier layer is set so that the
three organic light emitting devices can convert light gener-
ated in the light emitting layer to red light, green light, and
blue light, respectively and emit the converted light.

18. The organic light emitting unit according to claim 17,
wherein the thickness of the barrier layer is ranked in
descending order corresponding to the red light, the green
light, and the blue light emitted from the three organic light
emitting devices.

19. The organic light emitting unit according to claim 1,
wherein the three organic light emitting devices resonate light
generated in the light emitting layer between the resonant

(2L Api(2)=m
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layer and the second electrode layer, and then emit the light of
three colors through one of the first electrode layer and the
second electrode layer.

20. The organic light emitting unit according to claim 19,
wherein the three organic light emitting devices emit the light
of three colors through the first electrode layer, and

the thickness of the resonant layer is ranges from 1 nm to 50

nm, and the thickness of the second electrode layer is
ranges from 100 nm to 300 nm.

21. The organic light emitting unit according to claim 19,
wherein the three organic light emitting devices emit the light
of three colors through the second electrode layer, and

the thickness of the resonant layer is ranges from 100 nm to

300 nm, and the thickness of the second electrode layer
ranges from 1 nm to 10 nm.

22. A display unit comprising an organic light emitting unit
having a structure in which three organic light emitting
devices are provided on a substrate, wherein the three organic
light emitting devices of the organic light emitting unit have a
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structure in which a first electrode layer, a layer including a
light emitting layer, and a second electrode layer are layered
from the substrate side, and images are displayed by convert-
ing light generated in the light emitting layer to light of three
colors different from each other and emitting the converted
light,
wherein the first electrode layer has a structure in which a
contact layer for improving contact characteristics with
the substrate, a resonant layer for resonating light gen-
erated in the light emitting layer between the resonant
layer and the second electrode layer, and a barrier layer
for protecting the resonant layer are layered, and
the thickness of the barrier layer is different from each
other among the three organic light emitting devices,
and among the three organic light emitting devices each
barrier layer includes a number of sub-barrier layers, the
number of sub-barrier layers being different for each of
the respective barrier layers.
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