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(57) ABSTRACT 
An organic electroluminescence display device 100 com 
prises a color modulating member 2 including a plurality of 
shading layers 21 and a plurality of color modulating layers 
22, the layers 21 and 22 being arranged in a planar and 
discrete manner, an organic EL electroluminescent member 
3 including a plurality of organic EL elements arranged in a 
planar and discrete manner at a site corresponding to the 
color modulating layers 22, and a transparent medium 1 
sandwiched betWeen the color modulating member 2 and the 
organic EL electroluminescent member 3, Wherein the rela 
tion d2§d1 is satis?ed, With d1 being a distance betWeen the 
color modulating member 2 and the organic EL electrolu 
minescent member 3, and d2 being a Width of the shading 
layer. Apractical organic EL display device is thus provided 
Which has an excellent vieWing angle property as Well as an 
excellent visuality and Which can prevent occurrence of 
color-shift (color mixing) and blot. 
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AN ORGANIC ELECTROLUMINESCENT DISPLAY 
DEVICE CAPABLE OF PREVENTING COLOR 

MIXING 

TECHNICAL FIELD 

[0001] The present invention relates to an organic elec 
troluminescence display device (hereinafter, abbreviated 
simply as “organic EL display device”). More particularly, 
the invention relates to an organic EL display device that is 
suitably used, as a display, a light source for the printer-head, 
or the like, for the civil and industry uses. 

BACKGROUND ART 

[0002] As generally called a “man-machine interface”, an 
electric display device is an electronic device for visually 
transmitting various information from various machines to a 
man and has an important role as an interface to connect a 
man With a machine. 

[0003] As the electric device, an active type(light-emitting 
type) and a passive type (light-accepting type) are knoWn. 
The active type includes CRT (Cathode Ray Tube), PDP 
(Plasma Display Panel), ELD (Electroluminescence Dis 
play/EL Display Device), VFD (Vacuum Fluorescent Dis 
play), LED (Light-emitting Diode), or the like. On the other 
hand, the passive type includes LCD (Liquid Crystal Dis 
play), ECD (Electrochemical Display), EPID (Electro 
Phoretic Image Display), SPD (Suspended Particle Display), 
TBD (TWisting Ball Display), PLZT (Transparent Ceramic 
display using the strong dielectric PLZT [(Pb, La)(Zr, Ti)O3] 
), or the like. 

[0004] The EL display device (ELD) or an EL element, 
Which constructs the ELD, has a high visuality because of 
the self-emission, and the high durability against the shock 
because they are completely solid. Therefore, the develop 
ment of various EL display devices is in progress noW, in 
Which inorganic and organic compounds are used in emitting 
layers. Among them, an organic EL display device, Wherein 
an organic compound is sandWiched betWeen tWo elec 
trodes, is strongly eXpected as a display that can very 
ef?ciently and very brightly emit light of various kinds of 
colors because of the variety of organic compound. 

[0005] Therefore, methods for constructing a full-color 
organic display device have been keenly developed. For 
eXample, Japanese Patent Laid-open Publication No. Hei8 
264828 discloses a method to emit each of different colors 
(e.g. three primary colors of red, blue, and green) by plane 
and discretely placing the emitting parts of the organic EL 
display device. 

[0006] There Were problems, hoWever, that it is necessary 
to neWly develop emitting materials for each color to plane 
and discretely place emitting parts of the organic EL display 
element, and to display by emitting light of different colors, 
and that it has a loW durability to a process (eg photoli 
thography), in Which it is plane and discretely placed, 
because the material per se is an organic compound. 

[0007] Therefore, a method to decompose or modulate 
monochrome light through a color modulating layer (eg a 
color ?lter or a ?uorescent layer) has been proposed(Japa 
nese Patent Laid-open Publication No. Hei3-152897). This 
method is excellent in the point that it can be simply 
constructed because providing only a single color as an 
emitting layer is enough. 
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[0008] There are, hoWever, some gaps betWeen an organic 
EL element and a color modulating layer or betWeen color 
modulating layers because it is necessary to provide a color 
modulating layer in addition to the organic EL element. 
Therefore, from these gaps light from the organic EL ele 
ment or light from the light-modulating layer leak, and the 
vieWing angle became narroW (i.e. color shift), giving an 
organic EL display device With a loW visuality. 

[0009] Thus, Japanese Patent Laid-open Publication No. 
Hei5-94878 discloses an EL display device in Which a 
transparent resin layer is provided betWeen an EL element 
and a color ?lter, With the thickness of the transparent resin 
layer being thinner than the distance betWeen piXels of the 
EL element (See FIG. 15). 

[0010] The problem of vieWing angle has not been 
adequately solved, hoWever, because there is no shading 
layer in such constitution, and leak of light from the side 
surface of the color ?lter layer can not be controlled. In 
addition, in case a ?uorescent layer is used instead of the 
color ?lter layer, the ?uorescent pigment(dye) more isotro 
pically ?uoresces, and as a result, leak of light becomes 
large, and a visuality became inferior. 

[0011] In Japanese Patent Laid-open Publication No. 
Hei5-258860, is disclosed a multi-color luminescence 
device in Which a ?uorescent medium is placed in such a 
Way that luminescence of an organic EL element can be 
received (See FIG. 16). 

[0012] The problem of vieWing angle has not been 
adequately solved, hoWever, because no shading layer 
betWeen ?uorescent media is shoWn in such constitution. 

[0013] In Japanese Patent Laid-open Publication No. 
Hei5-94879, is disclosed an EL panel in Which a spacer, 
Which has a shading property and nearly perpendicularly 
projects against the substrate surface of the EL element, is 
provided, and a color ?lter is placed oppositely (See FIG. 
17). 
[0014] Although there is no problem concerning vieWing 
angle in this case, the relation betWeen the thickness of the 
shading layer and that of the color modulating layer and the 
relation betWeen the distance from the organic EL element 
to the shading layer and the Width of the shading layer are 
not taken into account, therefore such a problem occurred 
that an organic EL display device could not be constructed 
practically. 

[0015] In Japanese Patent Laid-open Publication No. 
Sho63-40888, is disclosed a color display in Which an EL 
element and a color ?lter are placed oppositely (See FIG. 
18). In such constitution, hoWever, the relation betWeen the 
thickness of the shading layer and that of the color modu 
lating layer, and the relation betWeen the distance from the 
organic EL element to the shading layer and the Width of the 
shading layer, are not taken into account, therefore such a 
problem occurred that a full-color EL display device could 
not be constructed practically. 

[0016] The present invention Was conceived in vieW of the 
above problems. It is therefore the object of the present 
invention to provide a practical organic EL display device 
that is eXcellent in a vieWing angle property and a visuality, 
and alloWs a prevention of occurrence of color shift (color 
mixing). 
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DISCLOSURE OF THE INVENTION 

[0017] In the organic EL display device according to the 
present invention, a color modulating member composed of 
shading layers and color modulating layers, and an organic 
EL luminescent member composed of organic EL elements, 
are placed sandWiching a transparent medium to achieve the 
above-mentioned purpose, satisfying the relation dZZdl, 
With d1 being the distance betWeen the color modulating 
member and the organic EL luminescent member; d2 being 
the Width of the shading layer. 

[0018] In case the organic EL display device is constructed 
according to the present invention, it is preferred to construct 
the color modulating member With different kinds of color 
modulating layers. 

[0019] In case the organic EL display device is constructed 
according to the present invention, it is preferred to construct 
the color modulating member With one kind of a color 
modulating layer. 

[0020] In case the organic EL display device is constructed 
according to the present invention, it is preferred to satisfy 
the relation T1 2T2, With the thickness of the shading layer 
being T1; that of the color modulating layer being T2. 

[0021] In case the organic EL display device is constructed 
according to the present invention, it is preferred to satisfy 
the relation |T1—T2| 22.0 pm, With T1 being the thickness of 
the shading layer; T2 being that of the color modulating 
layer. 

[0022] In case the organic EL display device is constructed 
according to the present invention, it is preferred to satisfy 
the relation SZZSl, With S1 being the area of the lumines 
cent region of the organic EL element; S2 being that of the 
color modulating layer. 

[0023] In case the organic EL display device is constructed 
according to the present invention, it is preferred to construct 
the color modulating layer from a ?uorescent layer. 

[0024] In case the organic EL display device is constructed 
according to the present invention, it is preferred that the 
coat thickness of the color modulating layer is equal to or 
thicker than 5 pm. 

[0025] In case the organic EL display device is constructed 
according to the present invention, it is preferred to satisfy 
the relation |n1—n2|<0.4, With n1 being the refractive index 
of the color modulating layer; n2 being that of the transpar 
ent medium. 

[0026] In case the organic EL display device is constructed 
according to the present invention, it is preferred to gradu 
ally or stepWise reduce the Width of the shading layer from 
the transparent medium side to the opposite side. 

[0027] In case the organic EL display device is constructed 
according to the present invention, it is preferred that the 
transmittance of light in the visible region of 400 nm to 700 
nm of the shading layer is 10% or less. 

[0028] In case the organic EL display device is constructed 
according to the present invention, it is preferred that the 
re?ectance of light in the visible region of 400 nm to 700 nm 
of the shading layer is 10% or more. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 illustrates an embodiment of an organic EL 
display device of the present invention, in Which (a) is a 
sectional vieW, and (b) and (c) are perspective vieWs respec 
tively. 

[0030] FIG. 2 is a sectional vieW for explaining a sup 
porting substrate used in the present invention, in Which (a) 
and (b) shoW the case Where a transparent supporting 
substrate is used; and (c) shoWs the case Where it is not 
necessary to use a transparent one. 

[0031] FIG. 3 is a sectional vieW for explaining the 
relation betWeen d1 and d2, Wherein d1 is the distance 
betWeen the organic EL luminescent member and the color 
modulating member; d2 the Width of the shading layer, in 
Which (a) shoWs the case of d1>d2 and (b) shoWs the case 
of d1 édZ. 

[0032] FIG. 4 is a sectional vieW for explaining the 
vieWing angle of the present invention. 

[0033] FIG. 5 is a sectional vieW for explaining the 
relation betWeen the thickness of the shading layer T1 and 
that of the color modulating layer T2, in Which (a),(b) and 
(c) shoW the case of T1<T2, and (d), (e) and shoW the 
case of T1 2T2. 

[0034] FIG. 6 illustrates the relation S2§S1 of the present 
invention. 

[0035] FIG. 7 is a sectional vieW for explaining the 
relation betWeen the area of luminescent region of the 
organic EL element S1 and that of the color modulating layer 
S2, in Which (a) shoWs the case of S1>S2, and (b) shoWs the 
case of S1 2S2. 

[0036] FIG. 8 is a sectional vieW for explaining the color 
modulating layer used in the present invention, in Which (a) 
shoWs the case Where a color ?lter Was used and (b) shoWs 
the case Where a ?uorescent layer Was used. 

[0037] FIG. 9 is a sectional vieW for explaining the form 
of the shading layer used in the present invention, in Which 
(a) shoWs a rectangular form, (b)shoWs an inverted trap 
eZoidal form and (c) shoWs a T-shaped form. 

[0038] FIG. 10 is a sectional vieW schematically shoWing 
the re?ecting part of the shading layer in the side surface that 
contacts With the color modulating layer, in Which (a) shoWs 
the case Where there is no re?ecting part, (b) shoWs the case 
Where a re?ecting part Was provided in a rectangular shading 
layer, and (c) shoWs the case Where a re?ecting part Was 
provided in a inverted trapeZoidal layer. 

[0039] FIG. 11 is a diagram schematically shoWing the 
patterned shading layer according to the present invention. 

[0040] FIG. 12 is a diagram schematically shoWing a 
dot-pattern of the stripe arrangement according to the 
present invention. 

[0041] FIG. 13 is a diagram schematically shoWing the 
stripe-pattern of the anode according to the present inven 
tion. 

[0042] FIG. 14 is a diagram schematically shoWing the 
stripe-pattern of the cathode according to the present inven 
tion. 
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[0043] FIG. 15 is a sectional vieW showing the prior art, 
in Which a transparent layer is provided betWeen an EL 
element and a color ?lter. 

[0044] FIG. 16 is a sectional vieW shoWing the prior art, 
in Which a luminescent medium is placed in order to receive 
luminescence of an organic EL element. 

[0045] FIG. 17 is a sectional vieW shoWing the prior art, 
in Which a spacer having a shading property is placed in gaps 
of pixels of the EL element. 

[0046] FIG. 18 is a sectional vieW shoWing the prior art, 
in Which an EL element and color ?lters are placed oppo 
sitely. 
[0047] FIG. 19 is a diagram for explaining the in?uence 
of roughness on the surface in a color modulating member 
(Part 1), in Which 

[0048] (a) shoWs the case Where the roughness of the 
surface in a color modulating member is large and 
(b) shoWs the case Where the roughness on the 
surface in a color modulating member is small. 

[0049] FIG. 20 is a diagram for explaining the in?uence 
of roughness on the surface in a color modulating member 

(Part 2). 
[0050] FIG. 21 is a diagram for explaining the case Where 
a transparent ?attened layer is overlaid on a color-modulat 
ing member. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0051] The best mode for carrying out the invention Will 
noW be described speci?cally With reference to the accom 
panying draWings. 
[0052] 1. Constitution of Organic EL Display Device 

[0053] As FIGS. 1a-1c shoW, the organic EL display 
device 100 is constructed With a color modulating member 
2 and an organic EL luminescent member 3 sandWiching at 
least a transparent medium 1. In the color modulating 
member 2, a plurality of shading layers 21 and a plurality of 
color modulating layers 22 are placed plane, repeatedly, and 
discretely. In an organic EL luminescent member 3, a 
plurality of organic EL elements are plane and discretely 
placed in the position corresponding to the color modulating 
layer 22. 

[0054] Accordingly, if each organic EL element 31 lumi 
nescens, the light transmits the transparent medium 1, the 
light emitted from the organic EL element 31 is decomposed 
or modulated through the corresponding color modulating 
layer 22, and visualiZed as luminescence Whose color is 
different from the light from the organic EL element 31. 

[0055] Therefore, in case each the color modulating mem 
ber 2 is constructed With a different kind of color modulating 
layers 22 in this Way, multi-color display becomes possible 
in the organic EL display device 100. Multi-color display 
can also be carried out by transmitting the luminescence of 
the organic EL element 31 Without modulation by forming 
a part (transparent layer) in Which a color modulating layer 
is not provided in a part of the color modulating member 2. 

[0056] In case the color modulating member 2 is con 
structed With the same kind of color modulating layers, 
monochrome display becomes possible in the organic EL 
display device 100. 
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[0057] Next, the constitution including more concrete 
supporting substrate in the organic EL display device 100 
according to the present invention Will be described beloW. 
Practically, the organic EL display device 100 requires a 
substrate to support itself. 

[0058] Examples for it are shoWn in FIGS. 2a-2c. FIG. 2a 
illustrates the case that the transparent medium 1 has another 
role as a supporting substrate and constitutes a transparent 
supporting substrate 41. 

[0059] In FIG. 2b, a transparent supporting substrate 41 is 
placed beloW the color modulating layers 22 and the shading 
layers 21. 

[0060] In FIG. 2c, tWo supporting substrates are used; the 
?rst supporting substrate 41 is placed beloW the color 
modulating layers 22 and the shading layers 21; the second 
supporting substrate 4 is placed on an organic EL lumines 
cent member 3 including the organic EL element 31. 

[0061] Next, the reasons Why the relation betWeen the 
distance (d1) from a color modulating member 2 to an 
organic EL luminescent member 3 and the Width (d2) of a 
shading layer 21 must be restricted in case multi-color or 
monochrome display is carried out in the organic EL display 
device 100, i.e., the reasons Why the relation d2§d1 must be 
satis?ed in the organic EL display device 100 Will be 
described beloW referring to FIGS. 3a and 3b, Wherein the 
distance (d1) from a color modulating member 2 to an 
organic EL luminescent member 3 is de?ned as the shortest 
distance betWeen a shading layer 21 or a color modulating 
layer 22 of said color modulating member 2 and a position 
corresponding to the boundary to the transparent medium 1, 
and in case the position corresponding to said boundary is 
de?ned, a shading layer 21 and/or a color modulating layer 
22 are selected so that the distance to an organic EL element 
is shortest, more strictly it is expressed as a length (distance) 
of the perpendicular that is draWn from the position corre 
sponding to the boundary betWeen a shading layer 21 or a 
color modulating layer 22 and the transparent medium 1 to 
the position mainly corresponding to a luminescent part such 
as a luminescent layer in an organic EL element. In FIGS. 
3a and 3b also, d1 is expressed as a distance of the 
perpendicular in this Way; d2 is expressed as a Width of a 
shading layer 21 on the side that contacts With the transpar 
ent medium 1; d2 is illustrated in this Way also in FIGS. 3a 
and 3b. 

[0062] As the light emitted from an organic EL element 31 
is isotropically radiated, if the light is not absorbed in the 
transparent medium 1, the intensity of the light is equally 
distributed depending on the distance from said organic EL 
element 31. Therefore, as shoWn in FIG. 3a, a signi?cant 
amount of light is radiated not only to a color modulating 
layer 22a at the position corresponding to the organic EL 
element 31 but also to the adjacent color modulating layer 
22b. 

[0063] Therefore, as shoWn in FIG. 3a, in the case of 
d1>d2, the angle (01) of incidence of the light entered into 
the color modulating layer 22b becomes large, and the 
intensity of the light entered into the color modulating layer 
22b becomes high. As a result, the light having a color from 
an unintended color modulating layer 22b is signi?cantly 
mixed (“color-mixing”) as Well as the light having a desired 
color obtained by decomposing or modulating in a color 






















































