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(57) ABSTRACT

The recent invention provide an organic electroluminescence
display device with color purity adjustment, particularly
white purity increased, without increasing formation pro-
cesses. For each of unit pixels formed on an insulating film
INS formed on a principal surface of a glass substrate, a bank
BNK is provided on a bottom electrode BEL being a pixel
electrode. The bank BNK has the shape of a bank that sur-
rounds a pixel concerned, for each of pixels, and an organic
electroluminescence light emitting layer is charged within a
region surrounded by the banks BNKs. Between the banks
BNKs, a green light emitting layer (G light emitting layer), a
blue light emitting layer (B light emitting layer), and a red
light emitting layer (R light emitting layer) are provided. At
the same time as the formation of these color light emitting
layers, light emitting layers of three colors, the green light
emitting layer (G light emitting layer), the blue light emitting
layer (B light emitting layer), and the red light emitting layer
(R light emitting layer) are stacked on a region of a white pixel
to form a white light emitting layer (G+B+R). An upper
electrode UEL is formed over the green light emitting layer
(G light emitting layer), the blue light emitting layer (B light
emitting layer), the red light emitting layer (R light emitting
layer), and the white light emitting layer (G+B+R light emit-
ting layer).

7 Claims, 6 Drawing Sheets
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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE HAVING RED, GREEN,
BLUE AND WHITE PIXELS

CLAIM OF PRIORITY

The present application claims priority from Japanese
Application JP 2006-051541 filed on Feb. 28, 2006, the con-
tent of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

The present invention relates to organic electrolumines-
cence display devices, and more particularly to anincrease in
brightness in an organic electroluminescence display device
with organic electroluminescence elements of plural colors
stacked on an insulating substrate that makes full color dis-
play.

Asdisplay devices of flat panel type, liquid crystal displays
(LCD), plasma display panels (PDP), field emission displays
(FED), and organic electroluminescence displays (OLED)
are commercially practical or in the stage of a study for
practical use. Particularly, the organic electroluminescence
display devices are greatly promising as a representative of
display devices of spontaneous emission type that are thin and
light in weight. The organic electroluminescence display
devices are classified as a so-called bottom emission type and
a top emission type. The present invention is described with
respect to organic electroluminescence display devices of an
active matrix type. However, a light emitting layer structure
holds true for organic electroluminescence display devices of
a simple matrix as well.

FIGS.7A and 7B are drawings for explaining the structure
of an organic electroluminescence display device of bottom
emission type. FIG. 7A is a sectional view for explaining an
overall structure, and FIG. 7B is a sectional view for explain-
ing the structure of a unit pixel. In the organic electrolumi-
nescence display device of bottom emission type, a thin film
transistor TFT is provided on the principal surface of an
insulating substrate SUB being preferably a glass substrate, a
first electrode or one electrode (hereinafter referred to as a
bottom electrode or a transparent electrode (ITO, etc.) as a
pixel electrode) BEL is formed via a contact hole formed on
an insulating film INS. The bottom electrode BEL is formed
independently for each of unit pixels.

A bank BNK formed from an insulating material is pro-
vided over the region in which the thin film transistor TFT is
formed, separates one adjacent unit pixel from another, and
serves to accommodate an organic light emitting layer ILL
that emits light on application of an electric field. A reflective
metallic electrode as a second electrode (common electrode)
or another electrode, that is, an upper electrode UEL is
stacked over the organic light emitting layer ILL. The insu-
lating substrate SUB having organic electroluminescence
elements thus constructed on its principal surface is isolated
by a sealing can CAV from the external atmosphere, and is
sealed with a sealant such as an adhesive. A desiccant DSC is
stored in the inside sealed by the sealing can CAV.

By applying an electric field to between the bottom elec-
trode BEL as an anode and the upper electrode UEL as a
cathode, carriers (electrons and positive holes) are injected to
the organic electroluminescence elements composed of
organic multilayer films, and the organic multilayer films
emit light. Light emitted from the organic electrolumines-
cence device is emitted as display light via the insulating
substrate SUB. A full-color image is displayed by arraying a
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plural number of color pixels in a matrix form, which are the
red (R), green (G), and blue (B) unit pixels of the organic
electroluminescence elements.

FIGS. 8A and 8B are drawings for explaining the structure
ofanorganic electroluminescence display device of top emis-
sion type. FIG. 8A is a sectional view for explaining an
overall structure, and FIG. 8B is a sectional view for explain-
ing the structure of a unit pixel. In the organic electrolumi-
nescence display device of top emission type, the bottom
electrode BEL corresponding to one electrode of the above-
described organic electroluminescence display device of bot-
tom emission type is constructed with a reflective metallic
electrode, and the upper electrode UEL being another elec-
trode is constructed with a transparent electrode such as ITO,
organic multilayer films emit light when an electric field is
applied to between the both, and the emitted light L is emitted
from the upper electrode UEL. In the top emission type, a
transparent plate being preferably a glass plate is used as the
sealing can inthe bottom emission type, and desiccant DSC is
a transparent material or disposed in a portion that does not
cutoff display light. Other parts of the structure are almost the
same as those in FIGS. 7A and 7B.

Technology is known for displaying full-color images in
combination of color filters of red (R), green (G), and blue (B)
with a white organic electroluminescence element, instead of
organic electroluminescence elements of red (R), green (G),
and blue (B).

In Japanese Patent Laid Open No. 2004-311440, an R-G-
B-W method is disclosed by which an organic electrolumi-
nescence element of white (W) is added to organic electrolu-
minescence elements of red (R), green (G), and blue (B) to
increase display brightness.

In the R-G-B-W method disclosed in the Japanese Patent
Laid Open No. 2004-311440, separate organic electrolumi-
nescence films to emit light of red (R), green (G), blue (B),
white (W) are formed with the same layer thickness, and four
organic electroluminescence film formation processes such
as evaporation are required. Since a conventional organic
electroluminescence film to emit white (W) light is generally
formed from a mixture of luminescent materials of two col-
ors, an emission spectrum tends to be gentle and color balance
adjustment (color purity adjustment) is difficult. In the case of
an organic electroluminescence display device with color
filters of red (R), green (G), and blue (B) combined with a
white organic electroluminescence element, since part of
light emitted from the organic electroluminescence elements
is absorbed by the color filters, light extracting efficiency
decreases.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an organic
electroluminescence display device with color purity adjust-
ment, particularly white purity increased, without increasing
formation processes.

To achieve the above-described object, an organic elec-
troluminescence display device of the present invention
includes plural first electrodes each formed for each of unit
pixels on a principal surface of an insulating substrate, plural
organic electroluminescence layers that are stacked on each
of the first electrodes and emit color light different from each
other, and a second electrode formed over the plural organic
electroluminescence layers.

The plural organic electroluminescence layers, for each of
unit pixels, are surrounded by banks that partition the region
of a pixel concerned. The plural organic electroluminescence
layers form a full color pixel by unit pixels respectively hav-
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ing color organic electroluminescence layers that emit three
primary colors oflight, and a unit pixel that emits white light.
An organic electroluminescence layer of the unit pixel that
emits white light is a multilayered film of the color organic
electroluminescence layers that emit the three primary colors.

The thickness of the organic electroluminescence layer of
the unit pixel that emits white light is larger than that of the
color organic electroluminescence layers.

The distance difference between the top of the banks and
the top of the organic electroluminescence layer of the unit
pixel that emits white light is smaller than the distance dif-
ference between the top of the banks and the top of the color
organic electroluminescence layers.

One layer of the multilayered film is made to continue to
the color organic electroluminescence layers of pixels adja-
cent to the unit pixel that emits white light, over the banks.

Plural pixels of different colors that emit the three primary
colors are disposed in a scanning direction, and pixels adja-
centto the unit pixel that emits white light are the color pixels
that are adjacent to one side or both sides in the scanning
direction with respect to the unit pixel that emits white light.

The color organic electroluminescence layers that emit the
three primary colors are stacked on the banks that surround
pixels adjacent to the unit pixel that emits white light.

Organic electroluminescence layers of two colors of the
color organic electroluminescence layers that emit three pri-
mary colors are stacked on the banks that surround pixels not
adjacent to the unit pixel that emits white light.

Since a pixel structure of the present invention is made by
forming an organic electroluminescence layer of a white pixel
at the same time as the formation of color organic electrolu-
minescence layers that emit three primary colors of light,
there is no need to increase pixel formation processes. Since
the organic electroluminescence display device of the present
invention serves as a light source having emission peaks of
the three primary colors, color purity can be easily adjusted,
and high-brightness full color images with increased white
purity can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of one pixel of full color for
explaining one embodiment of an organic electrolumines-
cence display device of the R-G-B-W method of the present
invention;

FIGS. 24, 2B, 2C, and 2D are drawings for explaining a
variation of pixel arrangement in an image display device of
high-brightness full color;

FIGS.3A, 3B, 3C, 3D, and 3E are drawings for explaining
an example of evaporation masks used for the formation of
organic electroluminescence light emitting layers of an
organic electroluminescence display device of the R-G-B-W
method of the present invention;

FIGS. 4A, 4B, 4C, 4D, and 4E are drawings for explaining
another example of an evaporation mask used for the forma-
tion of organic electroluminescence light emitting layers of
the organic electroluminescence display device of the R-G-
B-W method of the present invention;

FIG. 5 is a schematic diagram for explaining more con-
cretely the formation of an organic electroluminescence of
the present invention that uses evaporation masks;

FIG. 6 is a drawing for explaining a relationship between
the layer thickness of color pixels and white pixel that are
shown in FIG. 3E or 4E, and the height of banks;

FIGS.7A and 7B are drawings for explaining the structure
of an organic electroluminescence display device of bottom
emission type; and
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FIGS. 8A and 8B are drawings for explaining the structure
ofanorganic electroluminescence display device of top emis-
sion type.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, a preferred embodiment of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. Although, in the embodiment below, an
organic electroluminescence display device of bottom emis-
sion type is used as an example, an organic electrolumines-
cence display device of top emission type is also the same as
the former in the structure of an organic electroluminescence
light emitting layer.

First Embodiment

FIG.11s a sectional view of a full color pixel for explaining
one embodiment of an organic electroluminescence display
device of the R-G-B-W method of the present invention. In
this drawing, a thin film transistor TFT and the like are omit-
ted. InFIG. 1, on an insulating film INS formed on a principal
surface of a glass substrate not shown, a bottom electrode
BEL being a pixel electrode is formed for each of unit pixels.

A bank BNK is provided over each bottom electrode BEL.
The bank BNK has the shape of a bank that surrounds a pixel
concerned, for each of pixels, and an organic electrolumines-
cence light emitting layer is charged within a region sur-
rounded by the banks BNKs. That is, in FIG. 1, between the
banks BNKs, a green light emitting layer (G light emitting
layer), a blue light emitting layer (B light emitting layer), and
aredlight emitting layer (R light emitting layer) are provided.
Atthe same time as the formation of these color light emitting
layers, light emitting layers of three colors, the green light
emitting layer (G light emitting layer), the blue light emitting
layer (B light emitting layer), and the red light emitting layer
(R light emitting layer) are stacked on a region of a white pixel
to form a white light emitting layer (G+B+R).

An upper electrode UEL is formed over the green light
emitting layer (G light emitting layer), the blue light emitting
layer (B light emitting layer), the red light emitting layer (R
light emitting layer), and the white light emitting layer
(G+B+R light emitting layer).

For a pixel thus constructed, by applying an electric field
between the bottom electrode BEL and the upper electrode
UEL, G color light, B color light, R color light, and W light
being white light are emitted to a lower side of FIG. 1. Such
pixels are two-dimensionally arranged (matrix array) to con-
struct an image display device of high-brightness full color.

FIGS. 2A, 2B, 2C, and 2D are drawings for explaining a
variation of pixel arrangement in the image display device of
high-brightness full color. The arrow in the drawing indicates
a horizontal scanning direction (the extending direction of
gate lines). Inthe drawing, each pixel has a rectangular shape
thatis longitudinally long. FIG. 2A shows that a G color pixel,
a B color pixel, an R color pixel, and a W light pixel are
disposed in a horizontal scanning direction. FIG. 2B shows
that a G color pixel, a B color pixel, and an R color pixel are
disposed in the horizontal scanning direction, and a W light
pixel is disposed at an angle of 90 degrees in a direction
square to a horizontal scanning direction with respect to these
color pixels. FIG. 2C shows that a G color pixel, a B color
pixel, an R color pixel, and a W light pixel are disposed in a
lattice pattern. FIG. 2D shows that W light pixels are adjacent
to each other in a slanting direction on a matrix of the pixel
arrangement shown in FIG. 2A.
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FIGS.3A, 3B, 3C, 3D, and 3E are drawings for explaining
an example of evaporation masks used for the formation of
organic electroluminescence light emitting layers of the
organic electroluminescence display device of the R-G-B-W
method of the present invention. FIG. 3A shows a pixel array
formed in the evaporation mask. FIGS. 3B, 3C, and 3D show
part of mask holes (evaporation holes) of a mask for G color
pixels (G mask), a mask for B color pixels (B mask), and a
mask for R color pixels (R mask), respectively. FIG. 3E is a
sectional view of the organic electroluminescence light emit-
ting layers of the individual colors after evaporation by use of
the above-described masks taken along the line A-A OF FIG.
3A.

The evaporation mask is formed using identical evapora-
tion holes with colors in regions adjacent to the region of a
white pixel because of simultaneous striking of them, as
shown in FIGS. 3A, 3B, and 3C. As shown in FIG. 3E, an R
light emitting layer, a G light emitting layer, and a B light
emitting layer are stacked in the region (W region) of a white
pixel. Organic electroluminescence light emitting layers of
three colors are superimposed on banks BNKs surrounding
the W region. Organic electroluminescence light emitting
layers of two colors are superimposed on banks BNKs sur-
rounding the regions of pixels that are not adjacent to the W
region.

FIGS. 4A, 4B, 4C, 4D, and 4E are drawings for explaining
another example of an evaporation mask used for the forma-
tion of organic electroluminescence light emitting layers of
the organic electroluminescence display device of the R-G-
B-W method of the present invention. FIG. 4A shows a pixel
array formed in the evaporation mask. FIG. 4B shows a mask
for R colorpixels (R mask). FIG. 4C shows a mask for G color
pixels (G mask). FIG. 4D shows a part of a mask hole (evapo-
ration hole) of a mask for B color pixels (B mask). FIG. 4E is
a sectional view of the organic electroluminescence light
emitting layers of the individual colors after evaporation by
use of the above-described masks taken along the line A-A of
FIG. 4A.

InFIGS.4A 10 4D, organic electroluminescence light emit-
ting layers of three colors and organic electroluminescence
light emitting layers of a white color are formed using indi-
vidual evaporation holes. When such masks are used, as
shown in FIG. 4E, although the sectional shape of a film
formed on the banks BNKs is slightly different from that of
FIG. 3E, an R light emitting layer, a G light emitting layer, and
a B light emitting layer are stacked in the region (W region) of
a white pixel. Organic electroluminescence light emitting
layers of three colors are superimposed on banks BNKs sur-
rounding the W region. Organic electroluminescence light
emitting layers of two colors are superimposed on banks
BNKs surrounding the regions of pixels that are not adjacent
to the W region.

FIG. 5 is a schematic diagram for explaining more con-
cretely the formation of an organic electroluminescence of
the present invention that uses evaporation masks. The thick-
ness of a glass substrate SUM is 0.7 mm and the height of
banks BNK(s is 300 mm. Evaporation masks MSK, which are
50 um in thickness and correspond to the masks described in
FIG. 4, are mounted in close contact with the banks BNK. An
evaporation source (organic electroluminescence light emit-
ting material) is mounted 140 mm apart from the glass sub-
strate SUB for evaporation. By this construction, organic
electroluminescence light emitting layers are 50 nm, and the
thickness of all layers including other organic electrolumi-
nescence layers described in FIGS. 7 and 8 is 100 nm.
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Accordingly, the thickness ofall organic electroluminescence
light emitting layers of white color is 300 nm. This is simply
one example.

FIG. 6 is a drawing for explaining a relationship between
the layer thickness of the color pixels and the white pixel that
are shown in FIG. 3E or 4E, and the height of the banks. In
FIG. 6, when the thickness ofthe respective organic electrolu-
minescence layers of R pixel, G pixel, and B pixel is bl, and
the thickness of an organic electroluminescence layer of W
pixel is b2, a relation of b1<b2 is satisfied. When the differ-
ence between the height of the top of the respective organic
electroluminescence layers of R pixel, G pixel, and B pixel,
and the height of the top of banks BNKs is dl, and the
difference between the height of the top of the organic elec-
troluminescence layer of W pixel and the height of the top of
the banks BNKSs is d2, a relation of d1>d2 is satisfied.

What is claimed is:

1. An organic electroluminescence display device compris-
ing: a plurality of first electrodes each formed for each of unit
pixels on a principal surface of an insulating substrate; a
plurality of organic electroluminescence layers that are each
stacked on each of the first electrodes and emit color light
different from each other; and a second electrode formed over
the plurality of organic electroluminescence layers,

wherein the plurality of organic electroluminescence lay-

ers, for each of the unit pixels, are at least partially
surrounded by banks that partition the region of a pixel
concerned, and the plurality of organic electrolumines-
cence layers form a full color pixel by the unit pixels
respectively having color organic electroluminescence
layers that emit a different one of three primary colors of
light as color unit pixels, and a unit pixel that emits white
light, and

an organic electroluminescence layer of the unit pixel that

emits white light is a three-layered film of the color
organic electroluminescence layers, wherein each layer
of the three-layered film emits a different one of the three
primary colors.

2. The organic electroluminescence display device of claim
17

wherein a thickness of the organic electroluminescence

layer of the three-layered film of the unit pixel that emits
white lightis larger than a thickness of respective ones of
the colororganic electroluminescence layers of the color
unit pixels.

3. The organic electroluminescence display device of claim
15

wherein a distance between a top of the banks and a top of

the organic electroluminescence layer of the unit pixel
that emits white light and is adjacent to at least one of the
banks is smaller than a distance between the top of the
banks and the top of the color organic electrolumines-
cence layers of the color unit pixels adjacent to at least
one of the banks.

4. An organic electroluminescence display device compris-
ing: a plurality of first electrodes each formed for each of unit
pixels on a principal surface of an insulating substrate; a
plurality of organic electroluminescence layers that are each
stacked on each of the first electrodes and emit color light
different from each other; and a second electrode formed over
the plurality of organic electroluminescence layers,

wherein the plurality of organic electroluminescence lay-

ers, for each of unit pixels, are at least partially sur-
rounded by banks that partition the region of a pixel
concerned, and the plurality of organic electrolumines-
cence layers form a full color pixel by unit pixels respec-
tively having color organic electroluminescence layers
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that emit a different one of three primary colors of light
as color unit pixels, and a unit pixel that emits white
light,

wherein an organic electroluminescence layer of the unit
pixel that emits white light is a three-layered film of the
color organic electroluminescence layers, wherein each
layer of the three-layered film emits a different one of the
three primary colors, and

wherein at least one layer of the three-layered film is made
to continue to the color organic electroluminescence
layers of pixels adjacent to the unit pixel that emits white
light, over the banks.

5. The organic electroluminescence display device of claim

wherein a plurality of pixels of different colors that emit the
three primary colors are disposed in a scanning direc-
tion, and
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pixels adjacent to the unit pixel that emits white light are
the color pixels that are adjacent to one side or both sides
in the scanning direction with respect to the unit pixel
that emits white light.

6. The organic electroluminescence display device of claim

wherein the color organic electroluminescence layers that
emit the three primary colors are stacked on the banks
that surround pixels adjacent to the unit pixel that emits
white light.

7. The organic electroluminescence display device of claim

wherein organic electroluminescence layers of two colors
ofthe color organic electroluminescence layers that emit
three primary colors are stacked on the banks that at least
partially surround pixels not adjacent to the unit pixel
that emits white light.
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