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(57) ABSTRACT 
A color organic EL display includes: a Substrate; a color 
filter layer disposed on the Substrate; a gas barrier layer 
disposed on the color filter layer; and an organic EL Struc 
tural body disposed on the gas barrier layer. The Substrate 
and the color filter layer provide an underlayer of the gas 
barrier layer. The underlayer is a degassed underlayer. The 
gas barrier layer is provided by an atomic layer deposition 
method at a temperature equal to or lower than a decompo 
Sition Starting temperature of the color filter layer. 
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FIG. 7 
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FIG. 8 
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FIG. 11 
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COLOR ORGANIC EL DISPLAY AND METHOD 
FOR MANUFACTURING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based on Japanese Patent Appli 
cations No. 2004-211593 filed on Jul. 20, 2004, No. 2005 
35891 filed on Feb. 14, 2005, and No. 2005-157722 filed on 
May 30, 2005, the disclosures of which are incorporated 
herein by references. 

FIELD OF THE INVENTION 

0002 The present invention relates to a color organic EL 
display and a method for manufacturing a color organic EL 
display. 

BACKGROUND OF THE INVENTION 

0003) A color organic EL (i.e., electroluminescence) dis 
play constituted by interposing a gas barrier layer between 
an organic EL (electroluminescence) structural body and a 
color filter is well-known. 

0004. This sort of color organic EL display is equipped 
with Such a structure that a color filter layer, a gas barrier 
layer, and an organic EL Structural body have been Succes 
Sively Stacked on a Substrate. 
0005 Specifically, when an organic EL structural body 
for emitting white light is combined with a color filter, the 
below-mentioned Structure of Such a color organic EL 
display is known. That is, a color filter layer, an overcoat 
layer, a gas barrier layer, and an organic EL Structural body 
element are Successively Stacked on a transparent Substrate, 
while the organic EL structural body element emits white 
light. 
0006. In this color organic EL display, the gas barrier 
layer is provided to prevent difficulties Such as dark spots of 
the white light emitting organic EL Structural body and 
lowering of a luminous efficiency thereof. These difficulties 
are caused by water contents and the like, which are vola 
tilized from the color filter layer and the overcoat layer, 
which are made of resin. 

0007 Accordingly, as to the gas barrier layer, pin-hole 
leSS characteristics are required, and Superior Step coverage 
thereof is required. In addition to the above-described per 
formance, other performance Such as transparent character 
istics and flat characteristics of Surfaces is required. 
0008 Conventionally, as examples of gas barrier layers, 
one gas barrier layer has been proposed which contains a 
Silicon oxide and is manufactured by executing a Sputtering 
film forming method. For example, Japanese Laid-open 
Patent Application No. Hei-11-260562 (which corresponds 
to EP 1115269-A1) discloses the structure. Also, another gas 
barrier layer has been proposed in which an insulating 
inorganic oxide layer is arranged as the gas barrier layer of 
a color converting element (CCM). For example, Japanese 
Laid-open Patent Application No. Hei-8-279394 (which 
corresponds to U.S. Pat. No. 5,909,081) discloses this struc 
ture. 

0009. However, pin-holes are not considered in view of 
gas barrier characteristics, as to these conventional gas 
barrier layers, So that dark Spots are easily produced in 
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pixels, and Such pixels which cannot maintain desirable light 
emitting characteristics of organic EL elements are readily 
produced. 
0010. As measures capable of solving such pin-hole 
problems occurred in these gas barrier layers, one measure 
has been proposed in which while a gas barrier layer is 
formed in a multilayer Structure, cleaning StepS are carried 
out among film forming Steps for these plural gas barrier 
layers. For instance, Japanese Laid-open patent Application 
No. 2003-229271 discloses this structure. Another measure 
has been proposed in which while a gas barrier layer is 
formed in a multilayer Structure, resin layers are distributed 
to the respective gas barrier layers. For instance, Japanese 
Laid-open Patent Application No. 2003-282239 discloses 
the Structure. 

0011. Also, as the pin-hole measures, one measure has 
been proposed in which a gas barrier layer is formed by a 
plasma CVD method (P-CVD method), while this P-CVD 
method is capable of forming a dense film, as compared with 
a Sputtering method which corresponds to a general-purpose 
film forming method for a gas barrier layer. For example, 
Japanese Laid-open Patent Application No. 2004-394.68 
discloses the Structure. 

0012 However, the pin-hole measures described in the 
above documents own problems as to productivity and cost 
aspects, Since the Structures of the gas barrier layers and the 
manufacturing processes thereof are complex. 
0013 Also, in the gas barrier layer manufactured by 
employing the P-CVD method, when the gas barrier layer is 
formed by way of the P-CVD method, the film forming 
operations are carried out at a relatively low temperature, 
Since heat resistance characteristics as to the color filter layer 
and the overcoat layer are considered, which are provided 
under the gas barrier layer. In this film forming operation, 
Since dense characteristics of these films are deteriorated, 
gas barrier characteristics thereof are deteriorated. AS a 
result, these layer Structures must be replaced by other 
Stacked layer Structures, or the film thicknesses of these 
layerS must be made thicker, So that the problem as to the 
productivity Still remains, and thus, the manufacturing cost 
is increased. 

SUMMARY OF THE INVENTION 

0014. In view of the above-described problem, it is an 
object of the present invention to provide a color organic EL 
display manufactured with low-cost and having simple 
Structure. 

0015. A color organic EL display includes: a substrate; a 
color filter layer disposed on the Substrate; a gas barrier layer 
disposed on the color filter layer; and an organic EL Struc 
tural body disposed on the gas barrier layer. The Substrate 
and the color filter layer provide an underlayer of the gas 
barrier layer. The underlayer is a degassed underlayer. The 
gas barrier layer is provided by an atomic layer deposition 
method at a temperature equal to or lower than a decompo 
Sition Starting temperature of the color filter layer. 
0016. In the display, since the underlayer of the gas 
barrier layer is degassed, the amount of gas discharged from 
the substrate and the color filter layer is reduced. Further, 
Since the gas barrier layer is formed at the temperature equal 
to or lower than the decomposition starting temperature of 
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the color filter layer by the atomic layer deposition method, 
the color filter layer is not deteriorated with time. Therefore, 
the gas barrier layer can be formed appropriately. Further, 
the gas barrier layer is formed by the atomic layer deposition 
method, which is Superior in coating performance and 
minimum pin holes, compared with a vacuum deposition 
method, a Sputtering method, and a plasma CVD method; 
and therefore, Step coverage of the gas barrier layer is 
improved and the number of pin holes is reduced. Further 
more, the gas barrier layer can be formed by Single proceSS 
of the atomic layer deposition method, So that productivity 
of the display is increased, and the manufacturing cost is 
reduced. Furthermore, the underlayer of the gasbarrier layer 
is degassed So that the amount of gas discharged from the 
underlayer is reduced. Therefore, the gas barrier layer is 
prevented from expanding by the discharged gas. Thus, the 
gas barrier layer is not peeled off. Thus, the color organic EL 
display is manufactured with low-cost and having simple 
Structure. 

0.017. Further, a method for manufacturing a color 
organic EL display is provided. The display includes a 
Substrate, a color filter layer, a gas barrier layer and an 
organic EL Structural body, which are Stacked in this order. 
The substrate and the color filter layer provide an underlayer 
of the gas barrier layer. The method includes the Steps of: 
degassing the underlayer of the gas barrier layer; and 
forming the gas barrier layer by an atomic layer deposition 
method in Such a manner that a plurality of raw material 
gases is alternately introduced on the Substrate under 
reduced pressure at a temperature equal to or lower than a 
decomposition Starting temperature of the color filter layer. 
0.018. In the display, the amount of gas discharged from 
the Substrate and the color filter layer is reduced. Further, the 
color filter layer is not deteriorated with time. Therefore, the 
gas barrier layer can be formed appropriately. Further, the 
gas barrier layer is formed by the atomic layer deposition 
method, which is Superior in coating performance and 
minimum pin holes, and therefore, Step coverage of the gas 
barrier layer is improved and the number of pin holes is 
reduced. Furthermore, productivity of the display is 
increased, and the manufacturing cost is reduced. Further 
more, the gas barrier layer is not peeled off. Thus, the color 
organic EL display is manufactured with low-cost and 
having Simple structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The above and other objects, features and advan 
tages of the present invention will become more apparent 
from the following detailed description made with reference 
to the accompanying drawings. In the drawings: 
0020 FIG. 1 is a cross sectional view showing a color 
organic EL display according to a first embodiment of the 
present invention; 
0021 FIG. 2 is a cross sectional view showing the 
display taken along line II-II in FIG. 1; 
0022 FIG. 3 is a graph explaining results of TDS analy 
sis, according to the first embodiment; 
0023 FIG. 4 is a graph showing a relationship between 
a baking time of a degassing proceSS and the number of 
degassed water molecules, according to the first embodi 
ment, 
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0024 FIG. 5 is a graph showing a relationship between 
film thickneSS and total StreSS in a TiO/Al2O multi-layered 
film, according to the first embodiment; 
0025 FIG. 6 is a cross sectional view showing a color 
organic EL display according to a Second embodiment of the 
present invention; 
0026 FIG. 7 is a cross sectional view showing a color 
organic EL display according to a third embodiment of the 
present invention; 
0027 FIG. 8 is a table showing the number of pin holes 
in a gas barrier layer of different Sample, according to the 
first embodiment; 
0028 FIG. 9 is a table showing a peeling off of the gas 
barrier layer in different degassing condition, according to 
the first embodiment; 
0029 FIG. 10 is a table showing a crack in the gas barrier 
layer having different film thickness, according to the first 
embodiment; 

0030 FIG. 11 is a table showing an average of variation 
of contact angle in different cleaning condition, according to 
the first embodiment; and 
0031 FIG. 12 is a table showing a peeling off of the gas 
barrier layer in different mounting condition and different 
cleaning condition, according to the first embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0032. The Inventors of the present invention could suc 
ceed in inventive researches of color organic EL displayS. 
0033. That is, the reason why dark spots of color organic 
EL displays are produced and durability thereof is deterio 
rated during durability test is given in the below-mentioned 
explanations, while the color organic EL displays are manu 
factured by combining organic EL Structural bodies with 
color filters. That is, gas Such as water contents which are 
contained in the color filters and the overcoats may penetrate 
through the gas barrier layers, and then, may be reached to 
the organic EL Structural bodies. 
0034 Under Such a circumstance, firstly, the amounts of 
gas contained in underlayer portions (for instance, color 
filter layers and overcoat layers) of the gas barrier layers 
must be lowered. Secondly, the gas components produced 
from the underlayer portions must be cut off by Such a gas 
barrier layer having no pin-hole, which can be realized in a 
Simple forming process. 

0035. The Inventors have considered various researches, 
and thus, could conceive the present invention based upon 
the above-described inventive idea. 

0036 Further, in order to form a gas barrier layer, such a 
low-temperature atomic layer growing method is employed 
which is capable of realizing Such a film that a film forming 
material can have a Superior covering characteristic, and 
pin-holes are reduced as being permitted as possible, as 
compared with those of a vacuum vapor deposition method, 
a Sputtering method, and a plasma CVD method. As a result, 
the formed film (gas barrier layer) can effectively represent 
a gas barrier function capable of interrupting gasses pro 
duced from the underlayer portion thereof. 
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0037. However, as a result of investigations made by the 
Inventors, in the StepS. Subsequent to the Step for forming the 
gas barrier layer, for instance, in Such Steps for cleaning the 
Substrate, in the electrode forming Step, in the insulating 
layer forming Step, in the organic EL film forming Step, 
various Sorts of medicines are utilized. As a result, there are 
Some possibilities that the gas barrier layer may be damaged 
by the relevant medicines, depending upon a material of this 
gas barrier layer. 
0.038 For instance, in such a case that the gas barrier 
layer is manufactured by way of the low-temperature atomic 
layer growing method which is executed at Such a low 
temperature lower than, or equal to the decomposition 
Starting temperature of color filter layers in the respective 
means, an amorphous alumina (AlO) film is generally 
employed as the gas barrier layer in View of cost and a film 
forming Stability. This amorphous alumina film has no 
problem as to the gas barrier characteristic capable of cutting 
off the gasses produced from the underlayer portion of this 
gas barrier layer. 
0.039 However, as a result of investigations made by the 
Inventors, the below-mentioned difficulty may occur when 
the amorphous alumina film is processed. That is, the 
amorphous alumina film is formed on a glass Substrate 
where both the color filter layers and an overcoat layer have 
been formed by executing the low-temperature atomic layer 
growing method, and thereafter, this formed amorphous 
alumina film is combined with the hydroxyl group (-OH), 
So that this amorphous alumina film may produce Such a 
stable hydroxide as Al(OH) with respect to the medicine 
proceSS operations. These medicine process operations are 
carried out in the Substrate cleaning Step, the electrode 
forming Step, the insulating layer forming Step, the organic 
EL film forming Step, and the like. 
0040. In such a case of the stable hydroxide, the amor 
phous alumina film functioning as the gas barrier layer is 
altered, and/or is decomposed, So that there are Some prob 
lems that the film thickness thereof is decreased, and the gas 
barrier characteristic of this gas barrier layer is deteriorated. 
0041. The following fact can be revealed. That is, the 
amorphous alumina film may be very easily Solved with 
respect to alkali and acid. Especially, this amorphous alu 
mina film may be readily damaged with respect to warmed 
water having a temperature higher than, or equal to 50 C., 
an alkaline detergent, and an alkaline processing fluid. 
0042. The reason why the amorphous alumina film may 
be readily damaged in the warmed water is given as follows: 
That is, if a temperature of water is equal to a room 
temperature, carbon acid gas contained in air is Solved in this 
water to become neutral. However, if this water is warmed, 
then carbon acid gas is not Solved in this warmed water, but 
may easily represent alkaline. 
0.043 Also, in accordance with the investigation made by 
the Inventors, as to a color organic EL display, in Such a case 
that a Soda glass Substrate is employed as the Substrate and 
the gas barrier layer is formed on this Soda glass Substrate by 
a low-temperature atomic layer forming method, when the 
Soda glass Substrate is cleaned and thermally treated, and 
also, electrodes are formed after the Step for forming the gas 
barrier layer, Such a fact can be revealed. That is, a foaming/ 
peeling phenomenon may occur between the gas barrier 
layer and the Soda glass Substrate. 
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0044) Under such a circumstance, the Inventors have 
deeply performed the investigations, and have improved the 
above-explained respective means, and therefore, could con 
ceive the below-mentioned means in order prevent the 
following problems. That is, the gas barrier layer is damaged 
by the medicines which are used in the Steps Subsequent to 
the Step for forming the gas barrier layer, and the gas barrier 
layer is peeled with respect to the Soda glass Substrate. 

First Embodiment 

004.5 FIG. 1 is a diagram for indicating a substantially 
Sectional Structure of a color organic EL display 100 accord 
ing to a first embodiment mode of the present invention. 
FIG. 2 is a diagram for showing a Substantially Sectional 
Structure of the color organic EL display 100, taken along a 
dot and dash line II-II shown in FIG. 1. 

0046) Structure 
0047 A substrate 11 is made of a glass substrate, a 
Substrate made of a resin (resin Substrate), or the like. In this 
color organic EL display 100 of the first embodiment mode, 
the Substrate 11 corresponds to a transparent Substrate 11 
which is made of a glass Substrate. 
0048 Red, blue, and green color filter layers 13 which 
correspond to three primary colors of light have been 
provided on one plane of this glass substrate 11. It should be 
noted that shadow masks (black matrix) 12 used to separate 
the color filter layers 13 have been formed on one plane of 
the substrate 11, and the color filter layers 13 have been 
provided with the shadow masks 12. The shadow masks 12 
are employed So as to cut off light, and are made of a resin, 
or a metal. The shadow masks 12 may be provided, if 
neceSSary. 

0049. A transparent overcoat layer 14 has been formed 
over the color filter layers 13 and the shadow mask 12 as a 
flattening layer, if required. It should also be noted that if this 
overcoat layer 14 may be omitted, then this overcoat layer 
14 need not be employed. The color filter layers 13 and the 
overcoat layer 14 have been mainly formed by an acrylic 
Series resin. Then, a gas barrier layer 20 has been formed on 
this overcoat layer 14 in Such a manner that the gas barrier 
layer 20 covers this overcoat layer 14. 
0050 Adegassing process operation has been carried out 
with respect to underlayer portions of the gas barrier layer 
20, namely, the substrate 10, the color filter layers 13, and 
the overcoat layer 14. Concretely speaking, the Substrate 11 
where the various layers up to the overcoat layer 14 have 
been formed is put into either a thermostatic oven or a 
Vacuum chamber, and then, a degassing process operation 
and a dehydrating process operation are performed with 
respect to the conducted Substrate 11. 
0051. It is preferable that a temperature of this degassing 
process operation is Selected to be higher than, or equal to 
Such a temperature which is applied to the Substrate 11 in a 
manufacturing Step after the above-described degassing pro 
ceSS Step, and lower than, or equal to a decomposition 
starting temperature of the color filter layers 13. For 
example, in this first embodiment mode, the degassing 
process temperature may be preferably selected to be 200 
C. to 230° C. 

0052 The gas barrier layer 20 has been manufactured by 
executing an atomic layer growing method at a temperature 
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lower than, or equal to the decomposition Starting tempera 
ture of the color filter layers 13 and the overcoat layer 14. 
This atomic layer growing method is referred to as either an 
“atomic layer epitaxy method (ALE method)” or an "atomic 
layer deposition method (ALD method).” 
0053. In this case, the decomposition starting temperature 
of the color filter layers 13 and the overcoat layer 14 is 
approximately 230 C. Also, the gas barrier layer 20 may be 
formed as an inorganic film which is made of one, or more 
Sorts of metals. The metals are Selected from Al-O, TiO, 
SiN, SiO, SiON, ZrO, MgO, GeO, CaO, HfO, and ZnO. 
0.054 Also, a film thickness of the gas barrier layer 20 
may be selected to be Smaller than, or equal to 100 nm, 
preferably smaller than, or equal to 60 nm. In this first 
embodiment mode, the gas barrier layer 20 is Such an 
alumina (Al2O) film which has been formed with a thick 
neSS of approximately 60 nm. 
0055. In the atomic layer growing method which is used 
in this first embodiment mode, trimetyle aluminium corre 
sponding to an organic metal was used as a material in order 
that the gas barrier layer 20 can be formed at a relatively low 
temperature at which no damage is given to both the color 
filter layers 13 and the overcoat layer 14. That is, to form the 
organic metal at a temperature lower than, or equal to the 
decomposition Starting temperature of the color filter layer 
13 and the overcoat layer 14, the trimetyle aluminum is used. 
0056. A film forming temperature of the gas barrier layer 
20 may be selected to be on the order of 100 to 250° C. This 
film forming temperature is determined by considering Such 
a condition that the film forming temperature is Selected to 
be lower than, or equal to the decomposition Starting tem 
perature of both the color filter layers 13 and the overcoat 
layer 14, and further, is Selected to be higher than, or equal 
to a temperature applied to the Substrate 11 in forming Steps 
Subsequent to the Step for forming the gas barrier layer 20. 
Preferably, this film forming temperature of the gas barrier 
layer 20 may be selected to be 200° C. to 230° C. in this first 
embodiment mode. 

0057 Then, an organic EL structural body 30 functioning 
as an organic electronic device has been formed over one 
plane of the Substrate 11, namely on the gas barrier layer 20. 
In other words, the color organic EL display 100 has been 
formed in Such a manner that while one plane of the 
substrate 11 where the organic EL structural body 30 is 
formed has been covered by the gas barrier layer 20, the 
organic EL structural body 30 has been formed over both 
this substrate 11 and the gas barrier layer 20. 
0.058. This organic EL structural body 30 corresponds to 
Such a structural body manufactured by arranging an organic 
layer 32 containing an organic light emitting material 
between one pair of electrodes 31 and 33, while one pair of 
these electrodes 31 and 33 are located opposite to each other. 
As this organic EL structural body 30, materials and film 
Structures may be employed which are employed in a normal 
organic EL Structural body. One example of concrete Struc 
tures will now be explained. 
0059 First, an anode (lower electrode) 31 functioning as 
a transparent conducting film has been formed on the gas 
barrier layer 20. The anode 31 is made of such a transparent 
conducting film as an ITO (indium tin oxide), and may 
function as a hole injection electrode. 
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0060. The anode 31 has been formed by patterning an 
ITO film (for example, thickness is 150 nm) by way of an 
etching proceSS in a Stripe shape which is extended along 
right/left directions in FIG. 1. This ITO film has been 
formed by way of a Sputtering method on the gas barrier 
layer 20 at a film forming temperature of 200 C. 
0061 As one example of this stripe shape, a plurality of 
band-shaped anodes 31 each having a width of 500 um may 
be arranged in a Stripe Shape in an interval of 50 lim. 
0062 Further, an insulating film 40 made of an insulating 
material is formed by performing a photolithography 
method in order to prevent Short-circuit occurred at an edge 
of the anode 31. Similarly, a partition wall 41 is formed so 
as to separate a cathode (upper electrode) 33 by the photo 
lithography. 
0063 A hole injection layer, a hole transport layer, a light 
emitting layer, and an electron transport layer are Sequen 
tially formed as the organic layer 32 on this anode 31. These 
layers are made of an organic light emitting material. 
0064. For instance, copper phthalic cyanin is formed as 
the hole injection layer having a thickness of 20 nm by 
performing a vacuum vapor deposition method. On this hole 
injection layer, triphenylamine tetramer (HOMO: 5.4 eV, 
LUMO: 2.4 eV, Eg: 3.0 eV) is formed as the hole transport 
layer having a thickness of, for example, 40 nm by executing 
a vacuum vapor deposition manner. 

0065. Furthermore, as a red light emitting layer having a 
thickness of, for example, 2 nm, triphenylamine tetramer 
into which DCJT (HOMO: 5.3 eV, LUMO: 3.2 eV, Eg: 2.1 
eV) has been added by 1% is formed by performing a 
Vacuum vapor deposition method. 

0.066 On this red light emitting layer, BAlq (HOMO: 5.8 
eV. LUMO: 3.0 eV, Eg: 2.8 eV) into which perylene 
(HOMO: 5.5 eV, LUMO: 2.6 eV. Eg: 2.9 eV) has been added 
by 1% by weight is formed by way of a vacuum vapor 
deposition method. This perylene is used as fluorescent dye 
functioning as a blue light emitting layer having a thickness 
of, for example, 40 nm. In addition, aluminum complex 
compound is formed at a thickness of 20 nm as the electron 
transport layer by way of the vacuum vapor deposition 
method. 

0067. Although not shown in this drawing, a film having 
a thickness of, for example, 0.5 nm of LiF has been formed 
as the electron injection layer on these organic layerS 32 by 
way of a vacuum vapor deposition method. On this electron 
injection layer, a film having a thickness of, for example, 
100 nm of Al (aluminum) has been formed as the cathode 33 
corresponding to the upper electrode by way of a vacuum 
Vapor deposition method. In this case, the cathode 33 has 
been formed in a Stripe shape which is orthogonally inter 
Sected with the anode 31 in Such a manner that the Stripe 
shape of this cathode 33 is extended along the right/left 
directions in FIG. 2. 

0068 Then, the organic EL structural body 30 (contain 
ing the anode 31, the organic layer 32, and the cathode 33) 
which emits white light has been formed by using these 
layers. It should also be noted that film forming temperatures 
at which the organic layer 32 and the cathode 33 are formed 
by way of the vacuum vapor deposition method are Selected 
to be approximately the room temperature. 
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0069. As previously explained, the organic EL structural 
body 30 of this first embodiment mode has been manufac 
tured as follows: That is, the anode 31 having the stripe 
shape is overlapped with the cathode 33 which is separated 
from the anode 31 by the partition wall 41 in Such a manner 
that the anode 31 is orthogonally intersected with the 
cathode 33, and Such a region where these anode 31 and 
cathode 33 are overlapped with each other constitutes dis 
play pixels (namely, original light emitting region) which 
corresponds to Such a portion where a light emitting display 
should be carried out. Then, the color organic EL display 
100 according to this first embodiment mode constitutes a 
dot matrix display. 
0070. In this color organic EL display 100, since a driving 
DC voltage having a predetermined duty ratio is applied 
between the anode 31 and the cathode 33 by employing an 
external circuit, or the like, holes are transported from the 
anode 31 and electrons are transported from the cathode 33 
into the light emitting layer contained in the organic layer 32 
respectively in desirable display pixels. 
0071. Then, these holes are recombined with these elec 
trons within this light emitting layer, So that the fluorescent 
material (namely, DCJT, perylene, and Balq in this first 
embodiment mode) emits light by the radiation energy 
thereof. This light emission is derived from the substrate 11 
via the color filter layers 13. 
0072 Manufactoring Method 
0.073 Next, a method for manufacturing the color organic 
EL display 100 according to the first embodiment mode will 
now be described, although a slightly duplicated explanation 
is made. 

0074 Both the color filter layers 13 and the overcoat 
layer 14 are Sequentially formed on one plane of the Sub 
Strate 10 by way of either a spin coating method or a 
photolithography method. The underlayer portion of the gas 
barrier layer 20 can be accomplished by executing the 
previous manufacturing Steps. Also, the decomposition Start 
ing temperature of the color filter layerS 13 and the overcoat 
layer 14 is selected to be 230° C. 
0075) Next, a degassing process operation is carried out 
with respect to the underlayer portion of the gas barrier layer 
20. It is preferable that a temperature of this degassing 
proceSS operation is Selected to be higher than, or equal to 
Such a temperature which is given to the SubStrate 11 in a 
manufacturing Step after the above-described degassing pro 
ceSS Step, and lower than, or equal to a decomposition 
starting temperature of the color filter layers 13. For 
example, in this first manufacturing Step, the degassing 
process temperature may be preferably selected to be 200 
C. to 230° C. 

0.076 Also, it is preferable that the degassing process step 
is carried out in a dry atmosphere. Concretely speaking, the 
Substrate 11 on which the various layers up to the, overcoat 
layer 14 have been formed is put into either the thermostatic 
oven or the vacuum chamber So as to Sinter this conducted 
Substrate 11 in Such a dry atmosphere as a vacuum atmo 
Sphere, and a dry nitrogen gas atmosphere. Then, the degas 
sing proceSS operation and the dehydrating process opera 
tion are carried out. 

0.077 Next, forming of the gas barrier layer 20 is per 
formed. In this forming step, it is preferable to hold the 
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Substrate 11 within the dry atmosphere in a consistent 
manner after the degassing proceSS Step until a forming Step 
of the gas barrier layer 20. 
0078 Concretely speaking, after the substrate 11 has 
been Set to a film forming apparatus for forming the gas 
barrier layer 20, a vacuum heating operation is Sufficiently 
carried out So as to execute a dehydrating process operation 
as to water contents. Thereafter, the gas barrier layer 20 is 
formed by performing an atomic layer growing method. 

0079 Alternatively, after the substrate 11 has been suf 
ficiently heated in a dry atmosphere Such as a vacuum 
atmosphere, or a nitrogen atmosphere in a multi-chamber 
apparatus in which a chamber for a dehydrating proceSS Step 
has been provided, the Substrate 11 may be moved to another 
chamber for forming the gas barrier layer 20 by way of an 
atomic layer growing method So as to form this gas barrier 
layer 20. 

0080. Then, in the forming step of the gas barrier layer 
20, this gas barrier layer 20 is formed by executing such an 
atomic layer growing method that material gases are alter 
nately Supplied So as to form a thin film under reduced 
preSSure at Such a temperature which is lower than, or equal 
to the decomposition Starting temperature of the color filter 
layers 13. 

0081. While the overcoat layer 14 made of the organic 
material has been interposed between the color filter layers 
13 and the gas barrier layer 20, this gas barrier layer 20 is 
formed at a temperature lower than, or equal to the decom 
position starting temperature of both the color filter layers 13 
and the overcoat layer 14. 
0082 Also, it is preferable to set a film forming tempera 
ture of the atomic layer growing method for forming this gas 
barrier layer 20 to be higher than, or equal to Such a 
temperature applied to the Substrate 11 in the forming Step 
Subsequent to the forming Step of the gas barrier layer 20, 
namely in the Step for forming the organic EL Structural 
body 30. 

0083. Such a film forming temperature of the gas barrier 
layer 20 may be selected to be on the order of 100 to 250 
C. In this manufacturing method, this film forming tempera 
ture is determined by considering Such a condition that the 
film forming temperature is Selected to be lower than, or 
equal to the decomposition Starting temperature of both the 
color filter layers 13 and the overcoat layer 14, and further, 
is Selected to be higher than, or equal to the temperature 
applied to the Substrate 11 in forming StepS. Subsequent to the 
step for forming the gas barrier layer 20. Preferably, this film 
forming temperature of the gas barrier layer 20 may be 
Selected to be 200° C. to 230 C. in this first embodiment 
mode. 

0084. The gas barrier layer 20 is made of alumina by way 
of an atomic layer growing method. The formation of Such 
a gas barrier layer 20 is carried out as follows: That is, the 
Substrate 11 which has been treated by a degassing process 
operation and a dehydrating process operation is conducted 
to a reaction furnace; this reaction furnace is Set in a vacuum 
atmosphere; and then, both vaporized TMA (trimethyl alu 
minium) and vaporized H2O are alternately conducted to the 
reaction furnace by a carrier gas Such as an Nagas. AS to this 
detailed forming method, Since a film forming method of a 
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general atomic layer forming method may be employed 
which has been conventionally carried out, the explanation 
thereof is omitted. 

0085) Next, the organic EL structural body 30 is formed 
on one plane of the Substrate 11, namely on the gas barrier 
layer 20. 

0.086. In this first manufacturing method, an ITO film 
(having thickness of, for example, 150 nm) is patterned by 
executing an etching proceSS operation So as to form the 
anode (lower electrode) 31 as the transparent conducting 
film. This ITO film has been formed on the gas barrier layer 
20 by executing a Sputtering method at the film forming 
temperature of 200° C. 

0087. The maximum temperature applied to the substrate 
11 in a step Subsequent to the degassing proceSS Step is 
preferably selected to be the film forming temperature of this 
anode 31, namely 200 C., and the above-explained degas 
sing process Step is preferably carried out at a temperature 
higher than, or equal to the above-explained film forming 
temperature of 200° C. 

0088 Next, the insulating film 40 is formed on the anode 
31 by way of a photolithography method, and Subsequently, 
the partition wall 41 is formed on the insulating film 40 by 
the photolithography. Next, the organic layer 32 is formed 
on the anode 31 by way of a vacuum vapor deposition 
method, while the organic layer 32 has been formed by 
Sequentially forming thereon the hole injection layer, the 
hole transport layer, the light emitting layer, and the electron 
transport layer. 

0089 Next, both LiF functioning as the electron injection 
layer, and the cathode 33 functioning as the upper electrode 
are formed in the film form on the organic layer 32 by way 
of a vacuum vapor deposition method. A film forming 
temperature of the organic layer 32 and the cathode 33 by 
way of the vacuum vapor deposition method is Selected to be 
the room temperature. As a result, the color organic EL 
display 100 shown in FIG. 1 and FIG. 2 can be accom 
plished in accordance with the first manufacturing method. 

0090. It should also be understood that after this color 
organic EL device 100 has been manufactured, the-outer 
surface side of the organic EL structural body 30 may be 
alternatively Sealed by a Sealing can which is made of either 
Stainless Steel or glass and contains a desiccating agent in 
order to cut off water contents vaporized from the Surface of 
this organic EL Structural body 30, while inert gas (N gas 
etc.) containing a very Small amount of oxygen, or only the 
inert gas is employed. 

0.091 Also, as another sealing method, the outer surface 
of the organic EL structural body 30 may be covered by Such 
a protection film which has been formed by way of an 
atomic layer growing method, a Sputtering method, a CVD 
method, a vapor deposition method, or the like. As a result, 
the deteriorations of the organic ELstructural body 30 which 
are caused by water contents and/or gas can be prevented in 
a higher level. In addition, if a protection plate made of 
glass, a resin, a metal, or the like is adhered via an adhesive 
agent Such as a resin onto this protection film, then there is 
a merit in View of avoiding a production of Scratches. 
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0092) Effects 
0093. As previously explained, in accordance with the 

first embodiment mode, the color organic EL display 100 
may be provided with employment of the below-mentioned 
feature. That is, in the color organic EL display 100 manu 
factured by that the color filter layers 13, the gas barrier layer 
20, and the organic EL structural body 30 have been 
Sequentially Stacked on the SubStrate 11, the underlayer 
portion of the gas barrier layer 20 has been treated by the 
degassing process operation, and the gas barrier layer 20 has 
been formed by way of the atomic layer growing method at 
the temperature lower than, or equal to the decomposition 
Starting temperature of the color filter layer 13. 
0094 Since the underlayer portion of the gas barrier layer 
20 has been formed by executing the degassing proceSS 
operation, the amount of the gas produced from the Substrate 
11, the color filter layers 13, and the like can be reduced to 
the extremely Small amount. 
0095 Also, the gas barrier layer 20 has been manufac 
tured by performing the atomic layer growing method at the 
temperature lower than, or equal to the decomposition 
Starting temperature of the color filter layer 13. As a con 
Sequence, the gas barrier layer 20 can be properly formed 
without deteriorating the color filter layers 13. 
0096. Then, when the gas barrier layer 20 is formed, the 
atomic layer growing method is employed which can realize 
Such a film capable of having the Superior covering charac 
teristic for a film forming member and also in which a total 
number of pin-holes can be reduced as Small as possible, as 
compared with the vacuum vapor deposition method, the 
Sputtering method, and the plasma CVD method. As a result, 
Such a gas barrier layer 20 can be realized in which the Step 
coverage thereof become Superior, and a Small number of 
pin-holes are formed, as compared with the prior art. 
0097 As a consequence, since the gas barrier layer 20 
owns the Superior covering characteristic and has Substan 
tially no pin-hole, the gas Such as very Small amounts of 
water contents contained in the color filter layer 13 and the 
overcoat layer 14 can be blocked by the gas barrier layer 20, 
So that the gas is not penetrated into the organic EL Structural 
body 30. AS a consequence, the deteriorations of the organic 
EL structural body 30 which are caused by this gas can be 
properly prevented. 

0098. The concrete effects of the gas barrier layer 20 
formed in accordance with this first embodiment mode could 
be confirmed based upon the below-mentioned method. That 
is, while a gas barrier layer was formed on a glass Substrate 
where an ITO film having a thickness of 150 nm was formed 
in such a square dimension of 100 mmx100 mm in such a 
manner that this gas barrier layer 20 covers the entire plane 
of the ITO film, this glass substrate was dipped for 30 
minutes in 50% aqua regia having a temperature of 50 C., 
which is employed as an etching fluid of the ITO film. In this 
case, places of pin-holes formed in the gas barrier layer 20 
may be readily detected, since the ITO film may be etched 
and may become more conspicuous as ITO defects. 
0099. In order to detect the ITO defects, surface condi 
tions of the glass Substrate before/after this glass Substrate 
was dipped in the aqua regia were measured by a defect 
inspecting apparatus (i.e., KLA ACROTEC 6020). Then, 
both a place where a defect size was increased, and a newly 
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increased defect place were observed by employing a micro 
Scope. Accordingly, a judgment was made as to whether or 
not this observed defect portion corresponds to an ITO 
defect of the gas barrier layer which is caused by a pin hole. 
FIG. 8 represents a result of this evaluation. 
0100. As the gas barrier layer, an Al-O film having a 
thickness of 30 nm was formed by way of the ALE method 
as to a Sample No. 1 to a Sample No. 5; an Al-O film having 
a thickness of 60 nm was formed by way of the ALE method 
as to a sample No. 6 to a sample No. 10; and an SiO film 
having a thickness of 300 nm was formed by way of the 
sputtering method as to a sample No. 11 to a sample NO. 15 
as comparative examples. 

0101 An effect of the degassing process operation was 
confirmed by performing a thermal desorption spectroscopy 
(TDS analysis). A substrate in which both a color filter layer 
and an overcoat layer have been formed on glass was cut in 
a square dimension of 10 mmx10 mm. Thereafter, three sorts 
of these cut Substrates having the Square dimensions of 10 
mmx10 mm were processed in accordance with the below 
mentioned three processing methods: 
0102 1) A first cut substrate was processed by a degas 
sing process operation in a dry nitrogen atmosphere for 2 
hours at a temperature of 200 C., and then, the degassing 
processed first cut Substrate was transported within the dry 
nitrogen atmosphere. In FIG. 3, IIIA represents a sample of 
this treatment. 

0103), 2) A second cut substrate was processed by a 
Similar degassing proceSS operation to the degassing proceSS 
operation, and then, the degassing-processed Second cut 
substrate was transported in an atmosphere. In FIG. 3, IIIB 
represents a Sample of this treatment. 

0104 3) A third cut substrate was not processed by a 
degassing process operation. In FIG. 3, IIIC represents a 
Sample of this treatment. 
0105. In the TDS analysis, while a temperature of the 
substrate was changed from 50° C. up to 200 C., amounts 
of projected gas whose molecular weight is in a range 
between 1 and 199 were measured. FIG. 3 shows pressure 
changes by the molecular weight 18 (H2O) where the largest 
amount of gas detected in this TDS analysis was detected. 
0106 As a consequence, as to such the sample IIIA which 
has been processed by the degassing proceSS and then 
transported in the dry nitrogen atmosphere, there is Substan 
tially no pressure change. To the contrary, as to Such the 
sample IIIB or IIIC which has not yet been processed by the 
degassing proceSS, or has been transported in the atmo 
Sphere, emissions of water contents could be clearly con 
firmed. 

0107 AS previously explained, the below-mentioned 
concrete effects could be confirmed, Since the underlayer 
portion of the gas barrier layer 20 has been processed by the 
degassing proceSS operation, and the gas barrier layer 20 has 
been formed by executing the atomic layer growing method 
at the temperature which is lower than, or equal to the 
decomposition Starting temperature of the color filter layer 
13. 

0108. Also, since the gas barrier layer 20 can be formed 
in a Single proceSS operation, namely the atomic layer 
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growing method, productivity of this gas barrier layer 20 can 
be improved, and the cost-up problem thereof can be Sup 
pressed. 
0109 As a consequence, in the color organic EL display 
100 manufactured by interposing the gas barrier layer 20 
between the organic EL structural body 30 and the color 
filter layer 13, such a low-cost gas barrier layer 20 having the 
Superior gas barrier characteristic can be realized. 
0110. By the way, since the gas barrier layer 20 has been 
formed by way of the atomic layer forming method, this gas 
barrier layer 20 can be made dense with less of pin-holes, as 
compared with the conventional gas barrier layer formed by 
executing the sputtering method, or the P-CVD method. 
0111 However, if the gas barrier layer 20 having less of 
the pin-holes is merely formed in the color organic EL 
display 100, then the below-mentioned problem may occur. 
0112 In the conventional color organic EL display, the 
gas barrier layer having the relatively deteriorated dense 
characteristic has been formed with the large number of 
pin-holes, as compared with the gas barrier layer 20 formed 
by way of the atomic layer growing method. As a result, 
even if gas is produced from the underlayer portion, this 
produced gas may pass through the gas barrier layer 20. 
0113. However, since the gas barrier layer 20 formed by 
the atomic layer growing method can be made dense with 
less of the pin-holes in accordance with this first embodi 
ment mode, the gas produced from the underlayer portion 
can hardly pass through this gas barrier layer 20. AS a result, 
there are Some risks that the gas barrier layer 20 is expanded 
by the produced gas, and the expanded layer portion may be 
peeled. 
0114 AS to this risky point, the underlayer portion of this 
gas barrier layer 20 has been formed by executing the 
degassing process operation, and thus, the amount of gas 
which is produced from the degassing-processed underlayer 
portion is Suppressed as Small as possible. As a consequence, 
Since Such an expansion of the gas barrier layer 20 caused by 
the gas can be prevented, there is no problem. 
0.115. In other words, since the gas barrier layer 20 is not 
Simply formed by performing the atomic layer growing 
method, but the underlayer portion of this gas barrier layer 
20 may be realized to solve the problem, which is caused by 
the gas barrier layer 20 made dense with less of the pin 
holes. 

0116. In the color organic EL display 100 according to 
this first embodiment mode, while the overcoat layer 14 
made of the organic material has been interposed between 
the color filter layers 13 and the gas barrier layer 20, the gas 
barrier layer 20 has been formed at the temperature lower 
than, or equal to the decomposition Starting temperature of 
the color filter layers 13 and the overcoat layer 14. 
0117 AS previously explained, in Such a case that the 
overcoat layer 14 made of the organic material has been 
interposed between the color filter layers 13 and the gas 
barrier layer 20, if the gas barrier layer 20 has been formed 
at the temperature lower than, or equal to the decomposition 
Starting temperature of the color filter layerS 13 and the 
overcoat layer 14, then the gas barrier layer 20 can be 
manufactured in a proper manner, while not only the color 
filter layers 13, but also the overcoat layer 14 is not 
deteriorated. 
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0118. Also, in the color organic EL display 100 of this 
first embodiment mode, the Substrate 11 may be made of a 
glass Substrate, and preferably may be made of a resin 
Substrate. Since the resin Substrate owns a better molding 
characteristic and is made in low cost, as compared with 
those of the glass Substrate, this resin Substrate may be 
preferably used. 
0119) Also, as to such a color organic EL display manu 
facturing method in which the color filter layerS 13, the gas 
barrier layer 20, and the organic EL structural body 30 have 
been Sequentially Stacked on the Substrate 11, the below 
mentioned manufacturing method may be provided in which 
after the underlayer portion of the gas barrier layer 20 has 
been treated by the degassing proceSS operation, the gas 
barrier layer 20 is formed by performing the atomic layer 
growing method at the temperature lower than, or equal to 
the decomposition starting temperatures of the color filter 
layer 13, in which the material gases are alternatively 
Supplied under reduced pressure So as to form the thin film. 
0120) The color organic EL display 100 having the fea 
ture point can be manufactured in a proper manner. Then, the 
operation/effects thereof are similar to those of the color 
organic EL display 100. 
0121 Also, in the method for manufacturing the color 
organic EL device 100, in Such a case that the color organic 
EL display 100 is manufactured by interposing the overcoat 
layer 14 made of the organic material between the color filter 
layers 13 and the gas barrier layer 20, Such a feature point 
is also made. That is, the gas barrier layer 20 may be formed 
at the temperature lower than, or equal to the decomposition 
Starting temperature of the color filter layerS 13 and the 
overcoat layer 14. 
0122). Also, it is preferable that a temperature of this 
degassing proceSS operation is Selected to be higher than, or 
equal to Such a temperature which is given to the Substrate 
11 in the manufacturing Step after the degassing proceSS 
Step, and lower than, or equal to the decomposition Starting 
temperature of the color filter layers 13. 
0123. If a temperature of a degassing process operation is 
lower than Such a temperature applied to the Substrate 11 in 
a step Subsequent to this degassing process operation, there 
are Some possibilities that gas is further produced from the 
underlayer portion of the gas barrier layer 20 in the Step 
Subsequent to the degassing process operation. 
0.124 AS to this technical aspect, if this preferable manu 
facturing method is employed, then Such a problem may be 
avoided, So that the production of the gas in the Step 
Subsequent to the degassing processing Step can be reduced. 
Furthermore, there is no possibility that the color filter layers 
13 are deteriorated in the degassing proceSS Step. 
0.125 Also, it is preferable that the degassing process Step 
is carried out in the dry atmosphere. 
0.126 AS a result, since an efficiency of the degassing 
proceSS as to the underlayer portion of the gas barrier layer 
20 can be improved, the degassing proceSS operation is 
preferable. 

0127. Also, it is preferable to hold the substrate 11 in the 
consistent manner within the dry atmosphere for proceSS 
StepS after the degassing process Step until the forming Step 
of the gas barrier layer 20. 
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0128. This manufacturing method can preferably avoid 
that the gas components are again attached to the underlayer 
portion of the gas barrier layer 20 after the degassing proceSS 
operation of this underlayer portion of the gas barrier layer 
20 has been carried out until the Step for forming the gas 
barrier layer 20. 
0129. Also, it is preferable that the film forming tempera 
ture of the atomic layer growing method for forming the gas 
barrier layer 20 is higher than, or equal to the temperature 
applied to the Substrate 11 in the Step Subsequent to the Step 
for forming the gas barrier layer 20. 
0.130. As a consequence, this manufacturing method may 
give a merit that occurrences of cracks and peeling as to the 
gas barrier layer 20 can be Suppressed in the Step Subsequent 
to the forming Step of the gas barrier layer 20. 
0131 The gas barrier layer 20 having preferable charac 
teristics is further described in View of protection of peeling 
off and protection of generating crackS. 
0132) Degassing Process 
0133. In the color organic EL display 100, the degassing 
process is performed in Such a manner that the color filter 
layer 13 and the overcoat layer 14 as the underlayer of the 
gas barrier layer 20 are annealed at 200 C. in vacuum. In 
this case, it is preferred that the number of degassed water 
molecules is equal to or Smaller than 2x10" molecules per 
mm. Here, the degassed water molecules are discharged 
from the color filter layer 13 and the overcoat layer 14 at 
200° C. in vacuum. 

0.134. In the gas barrier layer 20 having large density and 
no pin holes formed by the ALE method, the underlayer of 
the gas barrier layer 20 is degassed and the amount of the gas 
discharged from the underlayer is limited So that the gas 
barrier layer 20 is prevented from expanding according to 
the gas. Specifically, degree of the degassing process is 
further Studied. Here, the amount of the degassed water is 
chosen as an index of the degree of the degassing process. 
The degassed water is discharged from the color filter layer 
13 and the overcoat layer 14. The amount of the degassed 
water is measured by the TDS analysis. 
0.135 A glass Substrate having a color filter layer and an 
overcoat layer formed on the Substrate is prepared. The 
Substrate has dimensions of 10 mmx10 mm. The Substrate is 
degassed at 200 C. in vacuum for 10 minutes, 20 minutes, 
60 minutes or 120 minutes. Then, the substrate is transported 
in dry nitrogen atmosphere. To compare with these Sub 
Strates, a comparison Sample is prepared. The comparison 
Sample is not processed in the degassing process, i.e., the 
Substrate is not degassed. 
0.136 According to the TDS analysis, the substrate tem 
perature is changed from 50° C. to 200 C. Then, the amount 
of the degassed water is calculated on the basis of integrated 
value of degassed pressure of molecular weight of 18. The 
molecular weight of 18 represents water, i.e., H2O. The 
result is shown in FIG. 4. FIG. 4 shows a relationship 
between the process time of the degassing proceSS and the 
amount of the degassed water. In FIG. 4, the process time 
represents as “a baking time at 200° C. (scale on the 
minute),” which provides the horizontal axis. The amount of 
the degassed water represents as “the number of water 
molecules (scale on the molecules per mm)," which pro 
vides the Vertical axis. 
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0.137 In FIG. 4, as the process time increases, the 
amount of the degassed water is reduced. And, in a case 
where the process time is about 60 minutes, the amount of 
the degassed water is Saturated So that the amount of the 
degassed water becomes around 2x10" molecules per mm. 
Thus, when the substrate is degassed at 200 C. in vacuum 
for equal to or longer than 60 minutes, the water contained 
in the color filter layer and the overcoat layer can be 
removed sufficiently. 

0138 Next, the Al-O film as the gas barrier layer is 
deposited on the above five different types of substrates after 
degassing process, respectively. Specifically, the gas barrier 
layer is formed on the color filter layer and the overcoat 
layer by the ALE method. Then, peeling off test is performed 
after the degassing process. The result is shown in FIG. 9. 
The color filter layer 13 and the overcoat layer 14 as the 
underlayer of the gas barrier layer 20 are degassed at 200 
C. in vacuum. Further, when the number of the degassed 
water molecules discharged from the color filter layer 13 and 
the overcoat layer 14 is equal to or smaller than 2x10' 
molecules per mm, the peeling off of the gas barrier layer 
20 is prevented. Specifically, when the process time is equal 
to or longer than 60 minutes, the peeling off of the gas 
barrier layer 20 is prevented. 

0139 Stress in Gas Barrier Layer 
0140. In the color organic EL display 100, to prevent 
cracks in the gas barrier layer 20, the StreSS in the gas barrier 
layer is reduced. Specifically, the total stress in the gas 
barrier layer 20 is preferably reduced less than the limited 
StreSS of cracks. 

0.141. This total stress depends on the membrane stress of 
the material of the gas barrier layer 20 and the thickness of 
the gas barrier layer 20. Therefore, reducing the thickness of 
the gas barrier layer 20 is effective for reducing the total 
stress. Thus, the thickness of the gas barrier layer 20 is 
determined in View of the total StreSS. According to the 
Inventors, the Single layer of the Al-O film and the Single 
layer of the TiO film have no thickness dependency of the 
membrane StreSS. Specifically, the membrane StreSS in the 
AlO, film is 300 MM/m, and the membrane stress in the 
TiO, film is 1400 MN/m. 
0142 FIG. 5 shows a relationship between the total 
stress and the film thickness in the gas barrier layer 20. In 
FIG. 5, “Al-O=30” represents a case where the gas barrier 
layer 20 is made of the single layer of the Al-O film, and the 
film thickness of the Al-O film is 30 nm. “TiO/Al2O=9/ 
30” represents a case where the gas barrier layer 20 is made 
of the multi-layered film of the Al-O film and the TiO film, 
and the total film thickness X of the Al-O film is 30 nm and 
the total film thickness Y of the TiO film is 9 nm. Here, the 
multi-layered film of the Al-O film and the TiO film can be 
formed of a two-layer film, in which the Al-O film and the 
TiO2 film are deposited by the atomic layer deposition 
method, respectively. Further, the multi-layered film of the 
Al-O film and the TiO film can be formed of an alternate 
stacking film, in which the Al-O films and the TiO films 
are multiply, repeatedly and alternately Stacked each other. 

0143. The total stress of the multi-layered film of the 
AlO film and the TiO, film shown in FIG. 5 corresponds 
to the total stress estimated from the membrane stress of the 
Single layer of the Al-O film, the membrane StreSS of the 
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single layer of the TiO film, and the ratio of thickness of the 
Al-O film and the TiO film. 
0144) Next, cracks in the gas barrier layer 20 after 
deposition is observed. FIG. 10 shows the results of the 
observation of the cracks in the Single layer of the Al-O film 
and in the multi-layered film of the Al-O film and the TiO, 
film as the gas barrier layer 20. 
0145 As shown in FIG. 10, when the gas barrier layer 20 
made of the Single layer of the Al-O film, the cracks 
generate in the gas barrier layer 20 in a case where the film 
thickness of the gas barrier layer 20 is equal to or thicker 
than 120 nm. Thus, it is preferred that the film thickness of 
the Single layer of the Al-O film as the gas barrier layer 20 
is equal to or thinner than 100 nm. In this case, the total 
stress in the gas barrier layer 20 is about 37 N/m. Therefore, 
when the total stress is almost equal to or smaller than 37 
N/m, no crack generates in the gas barrier layer 20. 
0146 Regarding the multi-layered film of the Al-O film 
and the TiO film, the total stress of the gas barrier layer 20 
is designed to be equal to or smaller than 37 N/m so that no 
crack is generated in the gas barrier layer 20. Specifically, 
the total stress of the multi-layered film is calculated from 
the results shown in FIG. 5. Specifically, when the gas 
barrier layer 20 is formed of the multi-layered film of the 
AlO film and the TiO, film, the total thickness X (scale on 
the meter, i.e., m) of the Al-O film in the multi-layered film 
and the total thickness Y (Scale on the meter, i.e., m) of the 
TiO2 film in the multi-layered film satisfy the relationship of: 

0147 In this case, the total stress in the gas barrier layer 
20 made of the multi-layered film becomes Smaller than the 
StreSS limit of cracks So that the cracks in the gas barrier 
layer 20 is prevented. 

0.148. Adhesiveness of Gas Barrier Layer 
0149. In the color organic EL display 100, it is preferred 
that a contact angle of the Surface of the underlayer of the 
gas barrier layer 20 is equal to or Smaller than 10 degrees. 
0150. In a mounting step of the color organic EL display 
100, the mounting is performed by thermal press contact 
method by using anisotropic conductive bonding film (i.e., 
ACF). To prevent the gas barrier layer 20 from peeling off 
in the mounting process, the Surface of the Substrate 11 is 
cleaned up So that an absorption site, i.e., hydroxyl group, is 
stabilized. To clean the Surface of the Substrate 11, a UV 
process of the surface of the substrate is effective. The UV 
process is Such that the Surface of the Substrate 11 is 
irradiated with ultra violet light. 
0151. Here, the contact angle of the Substrate 11 having 
the color filter layer 13 is studied under different cleaning 
conditions. FIG. 11 shows the results of the contact angle 
test. The contact angle of the Substrate 11 is measured by 
dropping a water drop on the Surface of the Substrate 11. 
FIG. 11 shows the contact angle before and after cleaning. 
That is, the initial contact angle of the substrate 11 and the 
after cleaning contact angle of the Substrate 11 are measured. 
Here, this contact angle is measured twice, i.e., n=2. There 
fore, the average change of the contact angle is obtained. 
The change of the contact angle is obtained by Subtracting 
the after cleaning contact angle from the initial contact 
angle. 
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0152. In the cleaning condition in FIG. 11, WET repre 
Sents the Substrate 11, which is cleaned by a wet washing 
method only. Wet--UV represents the substrate 11, which is 
cleaned by the Wet Washing method, dried with an ordinary 
drying method, and then, cleaned by a UV OZone washing 
method. WET-IR-i-UV represents the substrate 11, which is 
cleaned by the Wet Washing method, dried with an infrared 
light heating and drying method, and then, cleaned by a UV 
oZone washing method. 
0153. As shown in FIG. 11, the initial contact angle of 
the substrate 11 is in a range between 40 degrees and 60 
degrees. Thus, variations of the initial contact angle are 
large. However, after the substrate 11 is cleaned by the UV 
oZone washing method, the after cleaning contact angle 
becomes almost equal to or Smaller than 10 degrees. 
0154) Then, the substrates 11 cleaned by different clean 
ing conditions, i.e., WET, WET+UV, and WET+IR+UV 
conditions are further Studied. Specifically, the Al-O film as 
the gas barrier layer 20 having the thickness of 30 nm is 
formed on the Substrates 11 by the ALD method, respec 
tively. Then, an ACF (i.e., anisotropic conductive film) 
contact test is performed. 

0155 FIG. 12 shows the results of the ACF contact test. 
The test is performed in different mounting conditions. 
Then, peeling off of the gas barrier layer 20 is checked. 
Three mounting conditions are tested. One is Such that the 
mounting is performed at 280 C. under pressure of 1.5 
MPa, second is such that the mounting is performed at 310 
C. under pressure of 4 MPa, and third is such that the 
mounting is performed at 330 C. under pressure of 4MPa. 
0156. As shown in FIG. 12, in the substrate 11 performed 
by the UV process, the gas barrier layer 20 is protected from 
peeling off. However, in the substrate 11 not performed by 
the UV process, the gas barrier layer 20 peels off. 
O157 Specifically, to prevent the gas barrier layer 20 
from peeling off in a case where the Substrate 11 is per 
formed only by the Wet Washing method, it is required to Set 
the adhesive pressure of the ACF equal to or smaller than 1 
MPa. However, in this case where the adhesive pressure is 
equal to or smaller than 1 MPa, the conductivity of the ACF 
connection is not Secured. 

0158 Thus, the contact angle on the surface of the 
Substrate 11 is Set to be equal to or Smaller than 10 degrees. 
Further, the adhesiveness of the gas barrier layer 20 formed 
on the surface of the substrate 11 is sufficiently secured. 
Specifically, in this case, the gas barrier layer 20 is protected 
from peeling off. Here, the peeling off of the gas barrier layer 
20 is generally occurred by heat, pressure or thermal expan 
sion when the ACF is connected to the display. 

Second Embodiment 

0159 FIG. 4 is a diagram for indicating a substantially 
Sectional Structure of a color organic EL display 200 accord 
ing to a Second embodiment mode of the present invention. 
0160 In this color organic EL display 200, in Such a case 
that the anode 31 has been formed on the gas barrier layer 
20 and functions as a transparent conducting film which 
constitutes the organic EL structural body 30, it is preferable 
that an SiO2 layer 50 capable of improving a close contact 
ing characteristic between these gas barrier layer 20 and 
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transparent conducting film 31 is interposed between the gas 
barrier layer 20 and the transparent conducting film 31. 
0161 This SiO layer 50 may be formed by performing 
a Sputtering method, or the like, and a film thickness thereof 
may be Selected to be, for example, approximately 20 nm. 
Since the close contacting characteristic between the gas 
barrier layer 20 and the transparent conducting film 31 can 
be improved by this SiO layer 50, there is a merit that the 
transparent conducting film 31 is patterned. 

Third Embodiment 

0162 FIG. 5 is a diagram for indicating a substantially 
sectional structure of a color organic EL display 300 func 
tioning as an organic electronic device element according to 
a third embodiment mode of the present invention. 
0163 Also, the substrate 11 is constituted by a glass 
Substrate, a Substrate made of a resin (namely, resin Sub 
Strate), or the like. The Substrate 11 corresponds to Such a 
transparent Substrate 11 which is made of non-alkali glass 
and does not contain Such an alkaline component as potas 
sium and Sodium. 

0164. Similar to the above-explained embodiment mode, 
the shadow mask (black matrix)12 and the color filter layers 
13 have been formed on one plane of this substrate 11, on 
which the transparent overcoat layer 14 has been formed as 
a fattening layer. 

0165. Then, the gas barrier layer 20 has been formed on 
the overcoat layer 14 in Such a manner that this gas barrier 
layer 20 covers the overcoat layer 14 by executing an atomic 
layer growing method at a temperature lower than, or equal 
to a decomposition starting temperature of the color filter 
layer 13 and the overcoat layer 14. 
0166 Also, an underlayer portion of the gas barrier layer 
20, namely, the Substrate 11, the color filter layers 13, and 
the overcoat layer 14 have been processed by a degassing 
process operation Similar to the above-explained embodi 
ment mode. 

0.167 Then, a preferable temperature of this degassing 
process operation is Selected to be higher than, or equal to 
Such a temperature which is applied to the Substrate 11 in a 
manufacturing Step after the degassing process Step, and 
lower than, or equal to a decomposition Starting temperature 
of the color filter layerS 13. For example, the degassing 
process temperature may be preferably selected to be 200 
C. to 230° C. 

0.168. In this case, the gas barrier layer 20 is manufac 
tured by Sequentially Stacking a first film 21 and a Second 
film 22. The first film 21 functions as a gas interrupting layer 
which interrupts gasses produced from the underlayer por 
tion of this gas barrier layer 20. The second film 22 functions 
as a step withstanding layer having a withstanding charac 
teristic with respect to medicines used in StepS. Subsequent to 
the Step for forming the gas barrier layer 20. 
0169. In this case, the first film 21 functioning as the gas 
interrupting layer in the gas barrier layer 20 may be formed 
as an inorganic film which is made of one, or more Sorts of 
metals. The metals are selected from Al-O, TiO, SiN, 
SiO, SiON, ZrO, MgO, GeO, CaO, HfO, and ZnO. 
0170 Also, a film thickness of the first film 21 may be 
selected to be smaller than, or equal to 100 nm, preferably 
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smaller than, or equal to 60 nm. The first film 21 is such an 
alumina (Al2O) film which has been formed with a thick 
neSS of approximately 60 nm. 
0171 In the atomic layer growing method which is used 
to form this first film 21, trimetyle aluminum corresponding 
to an organic metal was used as a material of the first film 
21 in order that the gas barrier layer 20 can be formed at a 
relatively low temperature at which no damage is given to 
both the color filter layers 13 and the overcoat layer 14, that 
is, at a temperature lower than, or equal to the decomposition 
starting temperature of the color filter layer 13 and the 
overcoat layer 14. 
0172 In this third embodiment mode, a film forming 
temperature of the first film 21 may be selected to be on the 
order of 100 to 250 C. This film forming temperature is 
determined by considering Such a condition that the film 
forming temperature is Selected to be lower than, or equal to 
the decomposition Starting temperature of both the color 
filter layers 13 and the overcoat layer 14, and further, is 
Selected to be higher than, or equal to a temperature applied 
to the Substrate 11 in forming Steps Subsequent to the Step for 
forming the gas barrier layer 20. Preferably, this film form 
ing temperature of the first film 21 may be selected to be 
200° C. to 230° C. 

0173 Also, the second film 22 functioning as the step 
withstanding layer in the gas barrier layer 20 is made of Such 
a material. That is, this material is combined with a hydroxyl 
group (namely, OH group), so that a stable hydroxide can be 
hardly formed. This second film 22 may be formed as an 
inorganic film which is made of one, or more Sorts of metals. 
The metals are selected from TiO, SiN, SiO, SiON, and 
Ta2O5. 
0.174 Also, a film thickness of the second film 22 in the 
gas barrier layer 20 may be Selected to be preferably larger 
than, or equal to 5 nm. The Second film 22 is Such a titania 
(TiO) film which has been formed with a thickness of 
approximately 5 nm. 

0.175. In the atomic layer growing method which is used 
to form the Second film 22 as this Step withstanding layer, 
tetraiSoproxytitanium corresponding to an organic metal 
was used as a material of the Second film 22 in order that the 
gas barrier layer 20 can be formed at a relatively low 
temperature at which no damage is given to both the color 
filter layers 13 and the overcoat layer 14, that is, at a 
temperature lower than, or equal to the decomposition 
starting temperature of the color filter layer 13 and the 
overcoat layer 14. 

0176). It should be understood that titanium tetrachloride 
may be alternatively employed other than tetraiSoproxytita 
nium as the material of the Second film 22. A film forming 
temperature of this second film 22 may be preferably 
selected to be approximately 100 to 250 C. 
0177 Also, as shown in FIG. 3, in the color organic EL 
display 300, an insulating layer 23 having an electric insu 
lating characteristic has been interposed between the Second 
film 22 provided in the gas barrier layer 20 and the organic 
EL structural body 30. 
0178 When the second film 22 in the gas barrier layer 20 
owns the electric conducting characteristic, this insulating 
layer 23 is provided. Since the second film 22 corresponds 
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to the titania film having the electric conducting character 
istic, the insulating layer 23 has been provided. When the 
Second film 22 corresponds to an electric insulating film, this 
insulating layer 23 may be omitted. 
0179 This insulating layer 23 may be made of one, or 
more sorts of metals which are selected from SiN, SiO, 
SiON, Ta-Os, AlN, MgO, CaO, and GeO. This insulating 
layer 23 has been formed in a film having a thickness of 20 
nm by processing SiO2 by way of a Sputtering method. 
0180. Then, the organic EL structural body 30 function 
ing as the organic electronic device has been formed on one 
plane of the Substrate 11, namely on the gas barrier layer 20. 
In other words, one plane of the substrate 11 where the 
organic EL structural body 30 will be formed has been 
covered by the insulating layer 23, and both the first film 21 
and the Second film 22, which function as the gas barrier 
layer 20. Then, the organic EL structural body 30 has been 
formed on this insulating layer 23. 
0181 Also, the organic ELstructural body 30 functioning 
as the organic electronic device corresponds to Such a 
Structural body manufactured by arranging an organic layer 
32 containing an organic light emitting material between one 
pair of electrodes 31 and 33, while one pair of these 
electrodes 31 and 33 are located opposite to each other. 
0182. Then, as this organic EL structural body 30, mate 
rials and film Structures may be employed which are 
employed in a normal organic EL Structural body. One 
example of concrete Structures may be made Similar to those 
of the first embodiment mode. 

0183 In other words, in the color organic EL display 300, 
a stripe-shaped anode (lower electrode) 31 which is made of 
an ITO film has been formed on the insulating layer 23. 
Also, both an insulating film 40 and a partition wall 41 have 
been formed by executing a photolithography method. 
0184. A hole injection layer, a hole transport layer, a light 
emitting layer, and an electron transport layer have been 
Sequentially formed as an organic layer 32 formed on this 
anode 31. These layerS have been made of an organic light 
emitting material. 
0185. Then, such a color organic EL display 300 has been 
manufactured as a dot matrix display, while this dot matrix 
display has been formed in Such a way that the Stripe-shaped 
cathode 33 made of Al is formed on the organic layer 32, and 
an area where the anode 31 is overlapped with the cathode 
33 is arranged as display pixels. 
0186 The color organic EL display 300 may be basically 
manufactured in a Similar manner to that of the first embodi 
ment mode. 

0187. In this case, entire one plane as to the color filter 
layers 13 and the overcoat layer 14 has been covered by the 
insulating layer 23 and the gas barrier layer 20 which is 
constituted by both the first film 21 and the second film 22. 
After the underlayer portion of the gas barrier layer 20 has 
been processed by executing a degassing proceSS operation 
in a similar manner to that of the above-explained embodi 
ment modes, the first film 21, the second film 22, and the 
insulating layer 23 are formed. 

0188 For instance, the first film 21 made of alumina is 
formed by way of an atomic layer growing method as 
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follows: That is, the substrate 11 which has been treated by 
a degassing proceSS operation and a dehydrating proceSS 
operation is conducted to a reaction furnace; this reaction 
furnace is Set in a vacuum atmoshpere, and then, both 
vaporized TMA (trimethyl aluminium) and vaporized H2O 
are alternately conducted to the reaction furnace by a carrier 
gas Such as an N2 gas. 
0189 Also, the second film 22 made of titania may be 
formed by way of the atomic layer growing method in a 
similar manner to that of the first film 21 except that both 
tetraiSoproxytitanium and pure water are employed as a 
material. 

0190. It is preferable to set a film forming temperature of 
the atomic layer growing method for forming the first film 
22 and the Second film 22 to be higher than, or equal to Such 
a temperature applied to the Substrate 11 in the forming Step 
Subsequent to the forming Step of the gas barrier layer 20, 
namely in the Step for forming the organic EL Structural 
body 30. Such a film forming temperature of the first film 21 
and the second film 22 may be selected to be on the order of 
100 to 250 C. Preferably, this film forming temperature of 
these first and second films 21 and 22 may be selected to be 
200° C. to 230 C. similar to the first embodiment mode as 
to the film forming temperature of the gas barrier layer 20 
made of alumina. 

0191 It should also be noted that a detailed film forming 
operation as to the first film 21 and the second film 22 by the 
atomic layer growing method may be omitted, because the 
general-purpose atomic layer growing method can be 
employed which has been conventionally carried out. 
0.192 On the other hand, the color organic EL display 300 
may be provided with employment of the below-mentioned 
feature. That is, in the color organic EL display 300 manu 
factured by that the color filter layers 13, the gas barrier layer 
20, and the organic EL structural body 30 have been 
Sequentially Stacked on the SubStrate 11, the underlayer 
portion of the gas barrier layer 20 has been treated by the 
degassing proceSS operation, and the gas barrier layer 20 has 
been formed by way of the atomic layer growing method at 
the temperature lower than, or equal to the decomposition 
Starting temperature of the color filter layerS 13. 
0193 Since the underlayer portion of the gas barrier layer 
20 has been formed by executing the degassing proceSS 
operation, the amount of the gas produced from the under 
layer portion of the gas barrier layer 20 can be reduced to the 
extremely Small amount. Also, the gas barrier layer 20 
having a Superior Step coverage and less of pin-holes can be 
properly formed without deteriorating the color filter layers 
13. 

0194 AS a consequence, Similarly, in the color organic 
EL display 300, it is possible to properly avoid the deterio 
ration of the organic EL structural body 30, which is caused 
by the gas produced from the underlayer portion of the gas 
barrier layer 20. 
0195) Further, the color organic EL display 300 is fea 
tured by that the gas barrier layer 20 is manufactured by 
Sequentially Stacking the first film 21 and the Second film 22. 
The first film 21 functions as the gas interrupting layer which 
interrupts gasses produced from the underlayer portion of 
this gas barrier layer 20. The second film 22 functions as the 
Step withstanding layer having the withstanding character 
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istic with respect to medicines used in the StepS Subsequent 
to the Step for forming the gas barrier layer 20. 

0196. In accordance with this featured structure, the gas 
barrier layer 20 can demonstrate the gas barrier character 
istic by the first film 21, and moreover, can own the 
withstanding characteristic with respect to the medicines 
which are used in the StepS. Subsequent to the Step for 
forming the gas barrier layer 20 based upon the Second film 
22. As a result, the gas barrier layer 20 can Suppress the 
damages given to the gas barrier layer 20 as being permitted 
as possible, which are caused by the medicines which are 
used in the Steps Subsequent to the Step for forming the gas 
barrier layer 20. 
0.197 Concrete effects as to the medicine withstanding 
characteristic owned by the gas barrier layer 20 could be 
confirmed in accordance with the below-mentioned meth 
ods. 

0198 That is, one gas barrier layer (will be referred to as 
“sample No. 301) was manufactured in which an alumina 
film having a thickness of 100 nm as the first film 21 was 
formed on Silicon Substrate by performing the low tempera 
ture atomic layer growing method. Further, another gas 
barrier layer (will be referred to as “sample No. 302) was 
manufactured in which a titania film having a thickness of 5 
nm as the second film 22 was formed on the alumina film by 
performing the low temperature atomic layer growing 
method. 

0199 Then, both the sample No. 301 and the sample No. 
302 were dipped in warmed water of 70° C., and thereafter, 
Sectional planes of these films were observed by using an 
electron microScope. 

0200. As a result, the following conditions could be 
confirmed. That is, in the sample No. 302 where the titania 
film has been stacked on the alumina film, the film thick 
neSSes as to both the alumina film and the titania film were 
not changed, whereas in the Sample No. 1 having the Single 
layer structure of the alumina film, the film thickness of the 
alumina film was reduced, and the Surface of this alumina 
film became rough. 
0201 In other words, if the gas barrier layer 20 is 
manufactured by the first film 21 functioning as the gas 
interrupting layer, and the Second film 22 which has been 
formed on the first film 21 as the Step withstanding layer, 
then both the first film 21 and the second film 22 may have 
the Superior covering characteristic and own Substantially no 
pin-hole. As a result, these films 21 and 22 can block very 
Small amounts of water contents and of gasses, which are 
contained in the color filter layers 13 and the overcoat layer 
14, and further, can cause these water contents and gasses 
not to be penetrated into the organic EL structural body 30. 

0202 Also, in the color organic EL display 300, since the 
underlayer portion of the gas barrier layer 20 has been 
formed by executing the degassing process operation, the 
amount of the gas produced from the underlayer portion 
thereof can be reduced to the extremely Small amount, and 
Similar to the first embodiment mode, the expansion of the 
gas barrier layer 20 due to the produced gas can be avoided. 
0203 As previously explained, the first film 21 in the gas 
barrier layer 20, which is typically known as an amorphous 
alumina film, may be very easily Solved with respect to 
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alkali and acid. Especially, this first film 21 may be readily 
damaged with respect to warmed water having a temperature 
higher than, or equal to 50 C., an alkaline detergent, and an 
alkaline processing fluid. 
0204 AS to this damage aspect, the second film 22 in the 
gas barrier layer 22 is made of Such a material. That is, this 
material is combined with a hydroxyl group, So that a stable 
hydroxide can be hardly formed. For instance, this Second 
film 22 is made of one, or more sorts of metals. The metals 
are selected from TiO, SiN, SiO, SiON, and Ta-Os. As a 
result, this second film 22 can be hardly solved with respect 
to alkali and acid, and thus, can properly represent the 
medicine withstanding characteristic. 
0205 Also, in the color organic EL display 300, it is 
preferable that the film thickness of the second film 22 
formed in the gas barrier layer 20 is thicker than, or equal to 
5 nm. This preferable film thickness could be confirmed in 
an experimental manner based upon consideration made by 
the Inventors. As a consequence, if the film thickness of this 
Second film 22 is thicker than, or equal to 5 nm, then this 
Second film 22 can properly represent the medicine with 
Standing characteristic. 
0206 Further, in the color organic EL display 300, when 
the second film 22 in the gas barrier layer 20 owns the 
electric conducting characteristic, it is featured by that the 
insulating layer 23 having the electric insulating character 
istic has been interposed between the second film 22 and the 
organic EL structure body 30. 
0207 Normally, in the organic EL structural body 30 
which is formed on the gas barrier layer 20, the film which 
is located just above the gas barrier layer 20 corresponds to 
the electrode film having the electric conducting character 
istic, namely the anode 31. In Such a case, if the Second film 
22 owns the electric conducting characteristic, then the 
Second film 22 may be electrically conducted to the organic 
EL structural body 30, namely be short-circuited. 
0208 AS to this short-circuit aspect, since the layer 
located just above the gas barrier layer 20 is formed as Such 
an insulating layer 23 having an electric insulating charac 
teristic, it is possible to prevent an occurrence of a short 
circuit between the gas barrier layer 20 and the organic EL 
structural body 30, for example, if this insulating layer 23 
may be made of one, or more Sorts of metals which are 
selected from SiN, SiO, SiON, Ta-Os, AIN, MgO, CaO, 
and GeO. 
0209 Also, in accordance with the investigation made by 
the Inventors, in Such a case that a Soda glass Substrate is 
employed as the Substrate 11 in the color organic EL display, 
when the Soda glass Substrate is cleaned and thermally 
treated, and also, electrodes are formed after the Step for 
forming the gas barrier layer 20, Such a fact can be revealed. 
That is, a foaming/peeling phenomenon may occur between 
the gas barrier layer 20 and the Soda glass Substrate 11. 
0210. To solve such a problem, the color organic EL 
display 300 is featured by that the substrate 11 is made of 
non-alkali glass. 
0211 The Inventors analyzed the foaming/peeling phe 
nomenon occurred between the gas barrier layer 20 and the 
glass Substrate 11. As a result of this analysis, the Inventors 
could recognize that the alkaline components contained in 
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the Soda glass are deposited, or Separated due to heat which 
is produced when the glass Substrate 11 is cleaned and 
processed, and when the film is formed, and thereafter, the 
deposited alkaline components may lower the close contact 
ing force between the gas barrier layer 20 and the glass 
Substrate 11. 

0212. As a consequence, if Such a Substrate is employed 
as this Substrate 11, which does not contain Such alkaline 
components as potassium and Sodium, then it is possible to 
avoid peeling of the gas barrier layer 20 in Such a case that 
the Soda glass Substrate is employed. 
0213. It should be noted that in order to solve the peeling 
problem occurred between the Substrate 11 and the gas 
barrier layer 20, another solution may be conceived by 
employing Such a glass Substrate which is covered by an 
inorganic film containing no alkaline component as the 
Substrate 11. 

0214. As a result of this alternative solution, this inor 
ganic film may avoid that the alkaline components contained 
in the Soda glass are deposited, or Separated due to heat 
which is produced when the Soda glass Substrate is cleaned 
and processed, and when the film is formed. As a result, 
Similar to Such a case that the non-alkali glass is employed 
as the Substrate 11, it is possible to avoid peeling of the gas 
barrier layer 20 in Such a case that the Soda glass Substrate 
is employed. 
0215. In such a method for manufacturing the color 
organic EL display 300 in Such a manner that the color filter 
layerS 13, the gas barrier layer 20, and the organic EL 
structural body 30 are sequentially stacked on the substrate 
11, the following manufacturing method is provided which 
is featured by that the underlayer portion of the gas barrier 
layer 20 is treated by the degassing proceSS operation, and 
thereafter, the gas barrier layer 20 is formed by way of the 
atomic layer growing method at the temperature lower than, 
or equal to the decomposition starting temperature of the 
color filter layer 13, in which the material gases are alter 
natively Supplied under reduced pressure So as to form the 
thin film. 

0216) The forming temperature of the gas barrier layer 20 
may be preferably Selected to be lower than, or equal to the 
decomposition Starting temperature of both the color filter 
layers 13 and the overcoat layer 14, and more preferably, 
may be selected to be higher than, or equal to the tempera 
ture applied to the Substrate 11 in forming Steps Subsequent 
to the Step for forming the gas barrier layer 20. 
0217. Also, in the manufacturing method, the tempera 
ture of the degassing process operation may be preferably 
Selected to be higher than, or equal to the temperature 
applied to the Substrate 11 in the StepS. Subsequent to this 
degassing process Step, and furthermore, may be preferably 
Selected to be lower than, or equal to the decomposition 
Starting temperature of the color filter layer 13. Also, the 
preferable atmosphere of the degassing proceSS Step corre 
sponds to the dry atmosphere. Further, the Substrate 11 may 
be preferably held in the dry atmosphere in the consistent 
manner after the degassing proceSS Step up to the Step for 
forming the gas barrier layer 20, which are similar to the 
manufacturing methods of the above-explained embodiment 
modes. 

0218. Then, as a method for properly manufacturing the 
color organic EL display 300 shown in FIG. 3, such a 
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manufacturing method may be provided that the gas barrier 
layer 20 is manufactured by Sequentially Stacking the first 
film 21 and the second film 22, while the first film 21 
functions as the gas interrupting layer which interrupts the 
gasses produced from the underlayer portion of this gas 
barrier layer 20, and the second film 22 functions as the step 
withstanding layer having the withstanding characteristic 
with respect to the medicines used in StepS. Subsequent to the 
Step for forming the gas barrier layer 20. 
0219. Also, the manufacturing method for the color 
organic EL display 300 is featured by that the first film 21 
in the gas barrier layer 20 may be formed as an inorganic 
film which is made of one, or more sorts of metals. The 
metals are selected from Al-O, TiO, SiN, SiO, SiON, 
ZrO, MgO, GeO, CaO, HfC), and ZnO. 
0220 Also, the manufacturing method for the color 
organic EL display 300 is featured by that this second film 
22 in the gas barrier layer 20 may be formed as an inorganic 
film which is made of one, or more sorts of metals. The 
metals are selected from TiO, SiN, SiO, SiON, and Ta-Os. 
Furthermore, in the manufacturing method for the color 
organic EL display 300, the film forming temperature for 
forming the gas barrier layer 20 by way of the atomic layer 
growing method may be preferably Selected to be higher 
than, or equal to 200 C. 
0221) As a result of investigations made by the Inventors, 
if the film forming temperature for forming the gas barrier 
layer 20 by way of the atomic layer growing method is 
selected to be higher than, or equal to 200 C., then the close 
contacting force of the gas barrier layer 20 may be 
improved, and even when the Soda glass Substrate is 
employed, peeling of the gas barrier layer 20 can be pre 
vented. 

Other Embodiments 

0222. It should also be understood that in accordance 
with the color organic EL display of the present invention, 
at least, the color filter layers, the gas barrier layer, and the 
organic EL Structural body have been Simply Stacked on the 
Substrate in the Sequential manner. Alternatively, Such a 
Stacked layer Structure made of these structural elements 
may be provided, and also, the overcoat layer and other 
layerS may be furthermore interposed between these struc 
tural elements. 

0223) Also, the structure of the organic EL structural 
body is not limited only to the concrete example, but also 
may be realized by employing materials and film Structures 
which are employed in a normal organic EL Structural body, 
and may be alternatively realized by employing materials 
and film structures which will be employed in a future 
organic EL Structural body. 
0224. A major portion of the present invention may be 
Summarized as follows: That is, in the color organic EL 
display manufactured by that the color filter layers, the gas 
barrier layer, and the organic EL Structural body have been 
Sequentially Stacked on the Substrate, the underlayer portion 
of the gas barrier layer has been treated by the degassing 
proceSS operation, and the gas barrier layer has been formed 
by way of the atomic layer growing method at the tempera 
ture lower than, or equal to the decomposition Starting 
temperature of the color filter layer. Other structural portions 
may be freely modified in a proper way. 

Jan. 26, 2006 

0225. While the invention has been described with ref 
erence to preferred embodiments thereof, it is to be under 
stood that the invention is not limited to the preferred 
embodiments and constructions. The invention is intended 
to cover various modification and equivalent arrangements. 
In addition, while the various combinations and configura 
tions, which are preferred, other combinations and configu 
rations, including more, leSS or only a single element, are 
also within the Spirit and Scope of the invention. 

What is claimed is: 
1. A color organic EL display comprising: 

a Substrate; 
a color filter layer disposed on the Substrate; 
a gas barrier layer disposed on the color filter layer; and 
an organic EL Structural body disposed on the gas barrier 

layer, wherein 
the Substrate and the color filter layer provide an under 

layer of the gas barrier layer, 
the underlayer is a degassed underlayer, and 
the gas barrier layer is provided by an atomic layer 

deposition method at a temperature equal to or lower 
than a decomposition Starting temperature of the color 
filter layer. 

2. The display according to claim 1, further comprising: 
an overcoat layer disposed between the color filter layer 

and the gas barrier layer So that the Substrate, the color 
filter layer and the Overcoat layer provide the under 
layer of the gas barrier layer, wherein 

the overcoat layer is made of organic material, and 
the gas barrier layer is provided by the atomic layer 

deposition method at the temperature equal to or lower 
than a decomposition Starting temperature of the over 
coat layer. 

3. The display according to claim 2, wherein 
the color filter layer and the Overcoat layer are degassed 
by discharging water molecules at 200 C. in vacuum, 
and the discharged water molecules are equal to or 
Smaller than 2x10" molecules per mm. 

4. The display according to claim 1, wherein 
the gas barrier layer is made of at least one material 

Selected from the group consisting of Al-O, TiO, SiN, 
SiO, SiON, ZrO, MgO, CaO, GeO, HfO and ZnO. 

5. The display according to claim 1, wherein 
the gas barrier layer has a film thickness equal to or 

thinner than 100 nm. 
6. The display according to claim 5, wherein 
the gas barrier layer has a film thickness equal to or 

thinner than 60 nm. 
7. The display according to claim 1, wherein 
the gas barrier layer is made of a multi-layered film 

including an Al-O layer and a TiO2 layer. 
8. The display according to claim 7, wherein 
the Al-O layer of the gas barrier layer has a total film 

thickness defined as X, 
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the TiO layer of the gas barrier layer has a total film 
thickness defined as Y, and 

the thicknesses of X and Y have a relationship of 3723x 
10XX+1.4x10'xY. 

9. The display according to claim 1, wherein 
the underlayer of the gas barrier layer has a contact angle 

of a water drop equal to or Smaller than 10 degrees. 
10. The display according to claim 1, wherein 
the Substrate is made of resin. 
11. The display according to claim 1, further comprising: 

a SiO2 layer, wherein 
the organic EL Structural body includes a transparent 

conductive film, and 

the SiO2 layer is disposed between the gas barrier layer 
and the transparent conductive film So that adhesive 
neSS between the gas barrier layer and the transparent 
conductive film is increased. 

12. The display according to claim 1, wherein 

the gas barrier layer includes a first film and a Second film, 
which are Stacked in this order, 

the first film is capable of blocking gas generated from the 
underlayer, and 

the Second film has resistance to chemicals, which are 
used after the gas barrier layer covers the color filter 
layer. 

13. The display according to claim 12, wherein 

the first film of the gas barrier layer is made of at least one 
material Selected from the group consisting of Al2O, 
TiO, SiN, SiO, SiON, ZrO, MgO, CaO, GeO, HfO 
and ZnO. 

14. The display according to claim 12, wherein 
the Second film of the gas barrier layer is made of 

material, which is hardly connected to a hydroxyl 
group for providing hydroxide. 

15. The display according to claim 14, wherein 

the Second film of the gas barrier layer is made of at least 
one material Selected from the group consisting of 
TiO, SiN, SiO, SiON, and Ta-Os. 

16. The display according to claim 12, wherein 
the Second film of the gas barrier layer has a thickneSS 

equal to or larger than 5 nm. 
17. The display according to claim 12, further comprising: 

an insulation layer, wherein 
the Second film of the gas barrier layer has conductivity, 

and 

the insulation layer is disposed between the Second film 
and the organic EL Structural body. 

18. The display according to claim 17, wherein 

the insulation layer is made of at least one material 
selected from the group consisting of SiN, SiO, SiON, 
Ta-Os, AIN, MgO, CaO, and GeO. 

19. The display according to claim 1, wherein 

the Substrate is made of non-alkali glass. 
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20. The display according to claim 1, wherein 
the Substrate includes a glass Substrate and an inorganic 

film, 
the inorganic film covers the glass Substrate, and 
the inorganic film includes no alkali component. 
21. A method for manufacturing a color organic EL 

display including a Substrate, a color filter layer, a gas barrier 
layer and an organic EL Structural body, which are Stacked 
in this order, wherein the Substrate and the color filter layer 
provide an underlayer of the gas barrier layer, the method 
comprising the Steps of: 

degassing the underlayer of the gas barrier layer; and 
forming the gas barrier layer by an atomic layer deposi 

tion method in Such a manner that a plurality of raw 
material gases is alternately introduced on the Substrate 
under reduced pressure at a temperature equal to or 
lower than a decomposition Starting temperature of the 
color filter layer. 

22. The method according to claim 21, further compris 
Ing: 

forming an overcoat layer disposed between the color 
filter layer and the gas barrier layer So that the Substrate, 
the color filter layer and-the overcoat layer provide the 
underlayer of the gas barrier layer, wherein 

the overcoat layer is made of organic material, and 
the gas barrier layer is formed at the temperature equal to 

or lower than a decomposition Starting temperature of 
the overcoat layer. 

23. The method according to claim 21, wherein 
the Step of degassing is performed at a temperature equal 

to or lower than the decomposition starting temperature 
of the color filter layer and equal to or higher than a 
temperature of the Substrate applied after the Step of 
degassing. 

24. The method according to claim 21, wherein 
the Step of degassing is performed in dry atmosphere. 
25. The method according to claim 22, wherein 
the Step of degassing is performed in Such a manner that 

the color filter layer and the overcoat layer is heated at 
200 C. in vacuum, and 

the Step of degassing is controlled to maintain the number 
of degassed water molecules to be equal to or Smaller 
than 2x10" molecules per mm. 

26. The method according to claim 21, wherein 
the Substrate is preserved in dry atmosphere after the Step 

of degassing and before the Step of forming the gas 
barrier layer. 

27. The method according to claim 21, wherein 
the gas barrier layer is formed at a temperature equal to or 

higher than a temperature of the Substrate applied after 
the Step of forming the gas barrier layer. 

28. The method according to claim 21, wherein 
the gas barrier layer is made of at least one material 

Selected from the group consisting of Al-O, TiO, SiN, 
SiO, SiON, ZrO, MgO, CaO, GeO, HfO and ZnO. 
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29. The method according to claim 21, wherein 
the gas barrier layer is made of a multi-layered film 

including an Al-O layer and a TiO2 layer. 
30. The method according to claim 29, wherein 
the Al-O layer of the gas barrier layer has a total film 

thickness defined as X, 
the TiO layer of the gas barrier layer has a total film 

thickness defined as Y, and 
the thicknesses of X and Y have a relationship of 3723x 
10xX+1.4x10'xY 

31. The method according to claim 21, wherein 
the underlayer of the gas barrier layer has a contact angle 

of a water drop equal to or Smaller than 10 degrees. 
32. The method according to claim 21, wherein 
the gas barrier layer includes a first film and a Second film, 
which are Stacked in this order, 
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the first film is capable of blocking gas generated from the 
underlayer, and 

the Second film has resistance to chemicals, which are 
used after the Step of forming the gas barrier layer. 

33. The method according to claim 32, wherein 
the first film of the gas barrier layer is made of at least one 

material Selected from the group consisting of Al2O, 
TiO, SiN, SiO, SiON, ZrO, MgO, CaO, GeO, HfO 
and ZnO. 

34. The method according to claim 32, wherein 
the Second film of the gas barrier layer is made of at least 

one material Selected from the group consisting of 
TiO, SiN, SiO, SiON, and Ta-Os. 

35. The method according to claim 21, wherein 
the gas barrier layer is formed at the temperature equal to 

or higher than 200° C. 
k k k k k 


