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BLOOMFIELD CT 06002 A color display apparatus comprises a substrate; thin ?lm 
’ transistors formed on the substrate, each of the thin ?lm 

(,F) Notice: This is a publication of a Continued pros_ transistors having a source electrode and a drain electrode; 

ecution application (CPA) ?led under 37 electroluminescence elements respectively formed over the 
CFR 1' 53((1) thin ?lm transistors and driven by the thin ?lm transistors, 

each of the electroluminescence elements having a cathode 
(21) APPL NO; 09/259,130 connected to a source electrode or drain electrode of a thin 

?lm transistor, a luminous element layer, and an anode 
(22) Filed; Feb 26, 1999 electrode sequentially disposed thereover. A color ?lter or 

?uorescent color conversion layer acting as a color element 
(30) Foreign Application Priority Data is formed on the side of the anode electrode of an electrolu 

minescence element. The same luminous layer material is 
Feb. 27, 1998 (JP) .................................. .. HEI 10-47564 used for each display pixel to display a color image. 
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COLOR DISPLAY APPARATUS HAVING 
ELECTROLUMINESCENCE ELEMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a color display 
apparatus that includes electroluminescence (hereinafter 
referred to as EL) elements and thin ?lm transistors (here 
inafter referred to as TFTs) fabricated on a substrate. 

[0003] 2. Description of the Related Art 

[0004] Recently, color display apparatuses incorporating 
EL elements have been noted as color display devices, in 
place of the CRTs (Cathode Ray Tubes) or LCD (Liquid 
Crystal Display) panels. 
[0005] FIG. 1 is a cross sectional vieW illustrating a 
conventional color display apparatus including EL elements 
and TFT elements. Referring to FIG. 1, thin ?lm transistors 
are formed on an insulation substrate 2 of glass or synthetic 
resin. Each TFT is prepared by successively forming on the 
insulation substrate 2 a gate electrode 3, a gate insulation 
?lm 4, an active layer 5 having a source region 6 and a drain 
region 7, an interlayer insulation ?lm 8, a source electrode 
9 connected to the source region 6, a drain electrode 10 
connected to the drain region 7, and a leveled insulation ?lm 
11. Each source electrode 9 is connected to the anode 
electrode 37 of an organic EL element. The TFT element 
acts as a sWitching element for an organic EL element. 

[0006] The organic EL elements are respectively formed 
on the TFT elements. Each EL element is constructed by 
successively forming an anode electrode 37, a second hole 
transfer layer 36, a ?rst hole transfer layer 35, a luminous 
layer 34, an electron transfer layer 33, and a cathode 
electrode 32. The anode electrode 37 is made of a transpar 
ent electrode of ITO (Indium Tin Oxide) connected to the 
source electrode of a TFT element. The second hole transfer 
layer 36 is made of MTDATA(4,4‘-bis (3 methylphenylphe 
nylamino) biphenyl). The ?rst hole transfer layer 35 is made 
of TPD (4,4‘,4“-tris(3-methylphenylphenylamino) tripheny 
lamine). The electron transfer layer 33 is made of Bebq2. 
The cathode electrode 32 is made of MgIn (Magnesium 
Indium) alloy. The layers except the electrodes are made of 
an organic chemical compound. An EL element is formed of 
the respective organic layers as Well as the anode electrode 
37 and the cathode electrode 32. 

[0007] In the EL element, holes injected from the anode 
electrode 37 are recombined With electrons injected from the 
cathode electrode 32 in the luminous layer 34. Thus, organic 
molecules of the luminous layer 34 are excited so that 
excitons are generated. In the process during Which excitons 
disappear, the luminous layer 34 emits light. The emitted 
light are radiated out from the transparent anode electrode 
via the transparent insulation substrate 2 (in the arroW 
direction in FIG. 1). 

[0008] In the conventional structure, in order to form 
images, for example, in three primary colors including R 
(red), G (green) and B (blue) emitted from organic EL 
elements, a red luminous material, a green luminous mate 
rial and a blue luminous material must be selected for the 
luminous layers 34. For example, porphyrin-Zinc complex 
(ZnPr) is used for red; 10 benZo [h] quinolinol-beryllium 
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complex (Bebq2) is used for green; and aZo-methine-Zinc 
complex (AZM) is used for blue. Since the color luminous 
layers are separately formed by successively performing 
different steps, the number of fabrication steps is increased. 

[0009] Moreover, since colored light emitted from each 
organic EL element is blocked by the TFT area formed on 
the substrate 2, it is dif?cult to obtain suf?ciently bright, 
clear images. 

SUMMARY OF THE INVENTION 

[0010] The present invention is made to solve the above 
mentioned problems involved in the conventional color 
display apparatus. It is an object of the invention to provide 
a color display apparatus that can realiZe an increased color 
area and clear sharp color images and can simplify the 
fabrication process by forming the luminous layer of an 
organic EL element With one type of material (or one color 
material). 
[0011] According to the present invention, the color dis 
play apparatus comprises a substrate; thin ?lm transistors 
formed on the substrate, each of the thin ?lm transistors 
having a source electrode and a drain electrode; electrolu 
minescence elements respectively formed over the thin ?lm 
transistors, each of the electroluminescence elements having 
a cathode connected to a source electrode or drain electrode 

of a thin ?lm transistor, a luminous layer, and an anode layer 
sequentially formed thereover; and color elements respec 
tively arranged on the sides of anode electrodes of the 
electroluminescence elements. 

[0012] In the color display apparatus according to the 
present invention, each of the color elements comprises a 
color ?lter layer formed on a transparent substrate. 

[0013] Moreover, each of the color elements comprises a 
color ?lter layer through Which light of a predetermined 
Wavelength among emitted light from the luminous layer 
can pass. 

[0014] Each of the color elements comprises a color ?lter 
layer formed on a transparent substrate, the color ?lter 
passing light of a predetermined Wavelength among beams 
of light from the luminous layer. 

[0015] In the color display apparatus de?ned in the present 
invention, the luminous layer of each of the electrolumines 
cence elements is formed of a White luminous material; and 
the color ?lter layer includes a layer for red light through 
Which red light Within White light emitted from the luminous 
layer passes, a layer for green light through Which green 
light Within the White light passes and a layer for blue light 
through Which blue light Within the White light passes. 

[0016] Moreover, in the color display apparatus according 
to the present invention, each of the color elements com 
prises a ?uorescent light conversion layer formed on a 
transparent substrate. 

[0017] Each of the color elements comprises a ?uorescent 
light conversion layer for converting light from the luminous 
layer into light of a predetermined Wavelength. 

[0018] Each of the color elements may be formed of a 
?uorescent light conversion layer formed on a transparent 
substrate, for converting light from the luminous layer into 
light a predetermined Wavelength. 
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[0019] The color conversion layer of ?uorescent materials 
may be formed of a layer for red light Which converts light 
emitted from said luminous layer into red light, a layer for 
green light Which converts light into green light, and a layer 
for blue light Which converts light into blue light. 

[0020] In the color display apparatus according to the 
present invention, a color ?lter layer or color conversion 
layer acting as a color element is formed on a transparent 
substrate and can be bonded to an organic EL element. 
Moreover, since the color element requires only one kind of 
color emitted from the organic EL element, it is not neces 
sary to use plural kinds of luminous materials to the lumi 
nous element layers of the organic EL element, so that the 
fabrication process can be simpli?ed. 

[0021] In another aspect of the present invention, each of 
said anode electrodes in said EL elements is shaped in a 
comb, mesh, or grid planer pattern. 

[0022] Since light in each display pixel is emitted from the 
color elements arranged over the anode electrode of the EL 
element, the luminous or display area become larger than a 
conventional EL element in Which the luminescent light is 
emitted from the substrate on Which the TFTs are formed, so 
that brighter, clearer color image can be displayed. 

[0023] In the color display of the present invention, said 
EL element is able to comprise an organic EL element using 
an organic material for the luminous layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] This and other objects, features and advantages of 
the present invention Will become more apparent upon a 
reading of the folloWing detailed description and draWings, 
in Which: 

[0025] FIG. 1 is a cross sectional vieW schematically 
illustrating a conventional color display apparatus; 

[0026] FIG. 2 is a cross sectional vieW schematically 
illustrating a color display apparatus according to a ?rst 
embodiment of the present invention; 

[0027] FIG. 3 is a cross sectional vieW schematically 
illustrating a color display apparatus according to a second 
embodiment of the present invention; 

[0028] FIG. 4A is a perspective vieW schematically illus 
trating an anode structure in a color display apparatus 
according to an embodiment of the present invention; and 

[0029] FIG. 4B is a perspective vieW schematically illus 
trating an anode structure in a color display apparatus 
according to an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] [First Embodiment] 
[0031] Next, an embodiment of a color display apparatus 
of the present invention Will be described beloW With 
reference to the attached draWings. 

[0032] FIG. 2 is a cross sectional vieW illustrating a color 
display apparatus according to the present embodiment. 

[0033] Referring to FIG. 2, the color display apparatus 
differs from the conventional display apparatus shoWn in 
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FIG. 1 in the structure. That is, the structure Where the 
organic EL elements are reversely placed over the TFT 
elements. Color ?lters acting as color elements are placed on 
the side of the anode electrodes of organic EL elements. The 
respective luminous layers are formed of one kind of lumi 
nous material (i.e. a luminous material for one color). 

[0034] Display pixels 1 are formed by forming thin ?lm 
transistors and organic EL elements in a stacked-up structure 
over an substrate 2, for example, an insulating substrate such 
as glass or synthetic resin, or a conductive substrate or 
semiconductor substrate having an insulation surface 
because of insulation thin ?lms such as SiN or SiO2 depos 
ited on the substrate. The display pixels 1 are arranged in a 
matrix form to construct a color display apparatus. The 
substrate 2 may be a transparent or opaque substrate. 

[0035] The TFT structure is a bottom-gate-type TFT struc 
ture Where gate electrodes 3 are placed under the gate 
insulating ?lm 4. This TFT structure is similar to the 
conventional TFT structure using polycrystalline silicon 
?lms acting as active layers. Hence, the repeated description 
Will be omitted here. The source electrode 9 of a TFT 
transistor is connected to the cathode electrode 12 of an 
organic EL element. The TFT structure may be a top-gate 
type TFT structure Where gate electrodes are formed on the 
gate insulating ?lm. 

[0036] Each organic EL element is constructed by succes 
sively forming a cathode electrode 12 comprised a magne 
sium indium (MgIn) alloy or aluminum lithium (AlLi) alloy 
and connected to the source electrode 9 of a TFT transistor, 
an electron transfer layer 13 comprised Bebq2, a luminous 
layer 14, a ?rst hole transfer layer 15 comprised TPD: 
triphenylamine dimer (4,4‘,4“-tris (3-methylphenylpheny 
lamino) triphenylamine), and a second hole transfer layer 16 
comprised MTDATA (4,4‘-bis(3-methylphenylphenylami 
no)biphenyl), and an anode electrode 17 comprised a trans 
parent electrode such as ITO (Indium Tin Oxide). 

[0037] The light emitted from the organic EL element is 
sent outside the transparent anode 17 (in the upWard orien 
tation in FIG. 2). The anode electrode 17 is a common 
electrode. In each display pixel section, the luminous layer 
14, the electron transfer layer 13, and the hole transfer layers 
15 and 16 are isolated from adjacent pixel sections by means 
of the insulating ?lm 18. Color ?lters acting as color 
elements are placed on the organic EL display apparatus. 

[0038] As shoWn in FIG. 2, a color ?lter 22 having R, G 
and B ?lters confronts the anode electrode 17 and is placed 
on the transparent insulating substrate 21 such as transparent 
?lm or glass substrate. 

[0039] The color ?lter 22 is securely bonded to the TFT 
structure With a bonding agent applied on the fringe of the 
anode electrode 17 of the organic EL element. The color 
?lter 22 contains color ?ltering sections each corresponding 
to a display pixel 1 formed of the EL elements and the TFT 
elements. A black matrix (BM) 23 may be formed betWeen 
the color ?ltering sections to block light. 

[0040] The organic EL elements respectively emit red, 
green and blue rays through the color ?lter 22 in the arroW 
direction shoWn in FIG. 2. 

[0041] Here, let us noW explain the luminous material for 
the luminous layer in the organic EL element. 
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[0042] The luminous material for the luminous layer 14 is 
selected according to the color element placed over the 
organic EL element. In this embodiment, White light emit 
ting luminous material is used for luminous layer 14 since 
the color ?lter (R, G, B) is used as the color element. 

[0043] A ZnBTZ (Zinc benZothiaZole) complex is prefer 
ably selected as a White light emitting material for the 
luminous layer 14. Moreover, a laminated layer having TPD 
(aromatic diamine)/p-EtTAZ(1,2,4-triaZole derivative)/Alq 
(aluminum quinolinol complex) (Where “Alq” actually is 
partially doped With neal red being a red luminous pigment) 
may be used as a White light emitting material. 

[0044] In the present embodiment, the luminous material 
is formed by using only one kind of White luminous mate 
rial. The color display apparatus is formed by placing a three 
color ?lter including R, G and B over the transparent 
substrate 21 and bonding the color ?lter forming surface 
With the anode electrode side of the organic EL element. 
Hence, the fabrication process can be simpli?ed, compared 
With the conventional manner Where three kinds of luminous 
materials are formed inside the organic EL element to emit 
three primary colors. 

[0045] Moreover, unlike the conventional structure, since 
light is emitted out as a color beam for a display pixel from 
the color ?lter mounted on the anode electrode side, the 
luminous area per pixel becomes large, so that brighter, 
clearer color images can be displayed. 

[0046] [Second Embodiment] 
[0047] FIG. 3 is a cross sectional vieW illustrating a 
display apparatus using a ?uorescent conversion layer acting 
as a color element. 

[0048] The embodiment shoWn in FIG. 3 differs from the 
?rst embodiment in that a color conversion layer 24 of 
?uorescent materials is arranged over the anode electrodes 
17 and that a blue luminous material, for example, is used as 
the material for the luminous layer 14. 

[0049] A color conversion layer 24 is formed on the 
transparent substrate 21 such as a glass substrate by evapo 
rating an organic material. The transparent substrate 21 is 
bonded to the anode electrode 17. 

[0050] The case Will be described beloW Where a blue 
luminous material for a luminous layer in the organic EL 
element is used. 

[0051] The color conversion layer 24 of a ?uorescent 
material has the function of converting an irradiated color 
light into different color light. In order to provide a color 
display by making three primary colors R, G and B With a 
blue luminous material acting as a luminous layer 14, the 
color conversion layer 24 comprises a material Which con 
verts blue light into red or green light. 

[0052] When blue light emitted from the luminous layer 
14 in the organic EL element is converted into red light, 
4-dicyanomethylene-2-methyl-6-(p-dimethylaminostyryl) 
4H-pyran (DCM) is used as the color conversion layer 24R. 
Thus, the color conversion layer 24R converts blue light into 
red light to obtain a red light emitting display pixel. 

[0053] Next, in order to convert blue light emitted from 
the organic EL element into green light, 2,3,5,6-1H,4H 
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tetorahydro-8-tri?uoromethylquinolidino (9,9a,1-gh) cou 
marin, for example, is used as the color conversion layer 
24G. Thus, the color conversion layer 24G converts blue 
light into green light to obtain a green light emitting display 
pixel. Since the luminous layer 14 emits a blue light in this 
embodiment, no light conversion layer 24B for blue is 
theoretically needed in the display pixel from Which a blue 
light should be emitted. In the present embodiment, the color 
conversion layer 24B is formed to improve the color purity 
of blue light. The same material as that for the luminous 
layer 14 is used as the color conversion layer 24B. 

[0054] OxadiaZole (OXD), aZomethine-Zinc complex 
(AZM), and Al-quinoline mixed ligand complex and 
perylene may be used as a blue luminous material and a 
color conversion layer for blue. 

[0055] In the embodiment, only one kind of blue luminous 
material may be used as the luminous layer for an organic 
EL element. Moreover, a single layer in Which three kinds of 
?uorescent conversion materials are arranged side by side is 
formed over the transparent substrate 21. Hence, this struc 
ture alloWs the fabrication process to be signi?cantly sim 
pli?ed, compared With the conventional structure Where 
three kinds of luminous materials are formed as a luminous 
layer in an organic EL element to emit three primary color 
rays. 

[0056] The case Where the luminous layer 14 emits blue 
light has been described in the above-mentioned embodi 
ment. HoWever, it should be noted that the present invention 
is not limited to the above mentioned embodiments. The 
luminous layer 14 may emit red or green light. A color 
conversion layer Which converts red light into blue or green 
light is used for the red luminous layer. A color conversion 
layer Which converts green light into a red or blue light is 
used for the green luminous layer. 

[0057] Since the color conversion layer formed over the 
anode electrode can emit light, the embodiment can provide 
a larger color light emitting area, compared from the con 
ventional structure and can display brighter, clearer color 
images. 
[0058] In the above-mentioned embodiments, ITO is used 
for the anode electrode 17. HoWever, the anode electrode 
may be formed using a vacuum evaporating process or ion 
evaporating process. For example, aluminum anode elec 
trodes may be formed using an ion cluster method. In that 
case, as shoWn in FIGS. 4A and 4B, in order to prevent the 
anode electrode 17 from blocking the light emitted from the 
organic EL element, the anode electrode 17 is shaped in the 
comb pattern shoWn in FIG. 4A or in the mesh or grid 
pattern shoWn in FIG. 4B to pass as much light as possible. 
The tooth space of the comb or the mesh or grid gap space 
of the mesh or grid are set according to a desired brightness 
of the color display. 

What is claimed is: 

1. A color display apparatus comprising: 

a substrate; 

thin ?lm transistors formed on said substrate, each of said 
thin ?lm transistors having a source electrode and a 

drain electrode; 
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electroluminescence elements respectively formed over 
said thin ?lm transistors, each of said electrolumines 
cence elements having a cathode connected to a source 
electrode or drain electrode of a thin ?lm transistor, a 
luminous layer, and an anode layer sequentially formed 
thereover; and 

color elements respectively arranged on the sides of anode 
electrodes of said electroluminescence elements. 

2. The color display apparatus de?ned in claim 1, Wherein 
each of said color elements comprises a color ?lter layer 
formed on a transparent substrate. 

3. The color display apparatus de?ned in claim 1, Wherein 
each of said color elements comprises a color ?lter layer 
through Which light of a predetermined Wavelength among 
emitted light from said luminous layer can pass. 

4. The color display apparatus de?ned in claim 3, Wherein 
each of said color elements comprises a color ?lter layer 
formed on a transparent substrate, said color ?lter passing 
light of a predetermined Wavelength among emitted light 
from said luminous layer. 

5. The color display apparatus de?ned in claim 3, Wherein 
the luminous layer of each of said electroluminescence 
elements is formed of a White luminous material; and 
Wherein said color ?lter layer includes a layer for red light 
through Which red light Within White light emitted from said 
luminous layer passes, a layer for green light through Which 
green light Within the White light passes and a layer for blue 
light through Which blue light Within the White light passes. 
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6. The color display apparatus de?ned in claim 1, Wherein 
each of said color elements comprises a color conversion 
layer of ?uorescent materials formed on a transparent sub 
strate. 

7. The color display apparatus de?ned in claim 1, Wherein 
each of said color elements comprises a color conversion 
layer of ?uorescent materials for converting light from said 
luminous layer into light of a predetermined Wavelength. 

8. The color display apparatus de?ned in claim 7, Wherein 
said each of color elements comprises the color conversion 
layer of ?uorescent materials formed on a transparent sub 
strate, for converting light from said luminous layer into 
light of a predetermined Wavelength. 

9. The color display apparatus de?ned in claim 8, Wherein 
said color conversion layer of ?uorescent materials com 
prises a layer for red light Which converts light emitted from 
said luminous layer into red light, a layer for green light 
Which converts light into green light, and a layer for blue 
light Which converts light into blue light. 

10. The color display apparatus de?ned in claim 1, 
Wherein each of said anode electrodes in said electrolumi 
nescence elements is shaped in a comb, mesh, or grid planer 
pattern. 

11. The color display apparatus de?ned in claim 1, 
Wherein each of said electroluminescence elements com 
prises an organic electroluminescence element using an 
organic material for said luminous layer. 

* * * * * 


