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TITLE OF THE INVENTION 

Transparent Conductive Laminate and Electroluminescence 

Light-Emitting Element Using Same 

BACKGROUND OF THE INVENTION 

Cil Field of the Invention 

The present invention relates to a transparent 

conductive laminate in which a transparent conductive 

· film mainly comprising tin, indium and oxygen is formed 

on a transparent substrate, and more specifically, it 

relates to a transparent conductive laminate _using an 

amorphous film as a transparent conductive film and 
. 

having excellent moist heat resistance and scuff 

resistance, and an electroluminescence (EL) light­

emitting element using this transparent conductive 

laminate. 

(iil Description of the Prior Art 

In recent years, devices and equipments regarding 

optical electronics have remarkably progressed and 

prevailed with the increasing demand of information in 

society. In such circumstance, transparent conductive 

laminates have widely been used as electrodes of I/O 

devices such as transparent touch panels, electrodes of 

display devices such as liquid crystal displays, and 

electroluminescence displays and electrochromic displays. 

Further, they have been uses as window electrodes of 
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photoelectric conversion elements such as solar batteries 

and the like, and electro-magnetic shielding films of 

electro-magnetic wave shields. 

The transparent conductive laminate is usually 

constituted of a transparent substrate and a transparent 

conductive layer formed thereon. Examples of the 

transparent conductive layer include metallic thin films 

of gold, silver, platinum, palladium and the like, oxide 

semiconductor thin films of indium oxide, tin (IV) oxide, 

zinc oxide and the like, and multi-layer thin films 

comprising a laminate of a metallic oxide and a metal. 

The metallic thin films are excellent in conductivity but 

poor in transparency. On the contrary, the oxide 
. 

semiconductor thin films are slightly poor in 

conductivity in general but excellent in transparency. 

Of these oxide semiconductor thin films, the thin fil~s 

comprising indium, tin and oxygen, which are also called 

ITO (indium tin oxide) films, are excellent in 

conductivity and transparency, and in addition, and can 

easily be formed into electrode patterns by etching. For 

these features, the ITO films have widely been utilized. 

The resistivity and the light transmittance of the ITO 

films are usually in the range of about sxio-5 to lxio-3 

O·cm and in the range of 80 to 90%, respectively. 

As factors for the performance evaluation of the 

transparent conductive laminate, there are chemical 
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stability such as moist heat resistance and physical 

strength such as scuff resistance in addition to the 

electric resistance and the light transmittance. With 

regard to the ITO film formed at a low temperature, its 

electric resistance usually changes sensitively to the 

amount of oxygen in the film, so that the electric 

resistance noticeably changes by a heat treatment or a 

moist heat treatment. Accordingly, the thus formed ITO 

film has the problem of the chemical stability. The 

transparent conductive laminate having the thus formed 

ITO film is finally used as a transparent electrode of a 

product such as a liquid crystal display or a transparent 

touch panel, but in this case, if the performance of the 
. . . 

~ransparent conductive laminate changes, a trouble might 

occur in the product.· Moreover, the ITO film formed at a 

low temperature is liable to be scuffed, and when the ITO 

film is used in contact with oth~r members as in the 

transparent touch panel, mechanical strength such as 

scuff resistance is required to be improved. 

Furthermore, such an ITO film is chemically unstable, and 

when the ITO film is·coated with another organic 
• substance as in an electroluminescence light-emitting 

element, the quality of the ITO film itself changes with 

time. Thus, it is necessary to obtain the chemically 

stable ITO film. 

As means for solving the above-mentioned problem, 
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there usually are a method which comprises heating a 

substrate at the time of the formation of the ITO film to 

obtain the crystalline. ITO film, and another method which 

comprises subjecting the ITO film formed at room 

temperature to a heat treatment to obtain the crystalline 

ITO film [e.g., Japanese Patent Publication 15536/1991 

.(JP, B2, 3-15536), and Japanese Patent Application Laid­

open Nos. 100260/1989 (JP, A, 1-100260), 194.94.3/1990 (JP, 

A, 2-194943) and 276630/1990 (JP, A, 2-276630)). Both of 

these methods take the means for obtaining the 

crystallized ITO film by the heat treatment. In the 

methods, it is utilized that the crystallization of the 

ITO film permits the formation of the film stable to heat 

and moisture and hence the improvement of the moist heat 

resistance and the scuff resistance. 

A temperature at which the ITO film is crystallized 

depends upon the method and the conditions of the film 

formation, but it is usually 180 "C or more. 

The crystalline ITO film formed by the heating film 

formation or the heat treatment after the film formation 

usually comprises crystallites (or grains) having a 

diameter of from several µm to several tens µm. If the 

size of the crystallites is small, a large number of 

boundaries between the crystallites are in the film, and 

therefore a gas in the atmosphere easily permeates 

through the boundaries, so that the moist heat resistance 
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deteriorates. In order to prevent this permeation, the 

size of the crystallites is required to be enlarged, and 

for this enlargement, it is necessary to heighten the 

temperature of the film formation or the temperature of 

the heat treatment after the film formation. For sake of 

the improvement of moist heat resistance, it is effective 

that the film f oJ:mation or the heat treatment after the 

film formation is carried out at a temperature of about 

400 t. 

One of the products which·require the transparent 

electrodes is an electroluminescence light-emitting 

element. The known electroluminescence light-emitting 

element can be manufactured by forming a light-emitting 

layer and a back surf ace electrode in turn on a 

transparent conductive laminate in which the transparent 

conductive layer is formed on the transparent substrate. 

For the purpose of effectively applying an electric field 

to the light-emitting layer to improve a light-emitting 

luminance, a dielectric layer having a high dielectric 

constant is usually inserted between the light-emitting 

layer and the back surf ace electrode. Furthe·r, in order 
• to prevent the light-emitting layer from deteriorating 

owing to water vapor contained in the atmosphere, all or 

a part of the light-emitting surface of the 

electroluminescence light-emitting element is usually 

covered with a moisture barrier film. In this case, 
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usually, the transparent conductive layer is made of the 

ITO film.or the like, and the light-emitting layer is 

made of zinc sulfide, cadmium sulfide or zinc selenide, 

and the back surf ace electrode is made of aluminum or 

carbon. 

Since the electroluminescence light-emitting element 

can be obtained in the form of a thin sheet, there is 

expected its application to a use in.which such a shape 

is required, for example, a back light of a liquid 

crystal display or an emitting element of the dial of a 

watch. 

The electroluminescence light-emitting element is 

characterized by being obtained in the form of the thin 

sheet, but its light-emitting durability ls poorer as 

compared with a fluorescent tube which is a conventional 

light source. For this reason, the electrolumin~scence 

light-emitting element has not a~tually been prevailed so 

far. Thus, it has been desired to develop the 

electroluminescence light-emitting element by which the 

above-mentioned problem can be solved. In particular, 

the electroluminescence light-emitting element in which a 

polym~ric film is used.as the transparent substrate can 

~e applied in a wide utilization range, because it can 

emit the light while curved. 

As one factor by which the luminance of the 

electroluminescence light-emitting element deteriorates 
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during the continuous light emission, there is the 

deterioration of the ITO film of the transparent 

conductive layer used as the transparent electrode as 

described above. The ~ransparent conductive layer for 

the transparent electrode of the electroluminescence 

light-emitting element is required to have a visible 

light transmittance of 80% ·or more and .a surface 

resistance of 1000 0/D or less. In addition, since the 

transparent electrode is used in contact with the light­

emitting layer, it must be stable to a material for the 

light-emitting layer. 

As described hereinbefore, the characteristics of 

the transparent conductive laminate having the formed 

crystalline ITO film depend upon the size of the 

crystallites of the ITO ~ilm, and therefore the 

transparent conductive laminate having the excellent 

moist heat resistance and scuff ~esistance cannot· always 

be obtained •. In order to .form the transparent conductive 

laminate which is excellent in the moist heat resistance 

and the scuff resistance~ the temperature of the. film 

formation or the temperature of the heat treatment after 

the film formation is strictly controlled to regulate the 

size of the crystallite. If the.temperature of the film 

formation or the temperature of the heat treatment is 400 

°C or more~ the· transparent conductive laminate having 

the excellent moist heat resistance and scuff resistance 
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can relatively easily be obtained, but when the 

transparent conductive laminate.is formed by the use of a 

transparent molded article of a polymer having 

flexibility, the molded article of the polymer cannot be 

heated up to 400 t, because a heat-resistant temperature 

of ·the molded article of the polymer is usually in the 

range of about 120 to 250 t . 

In the case that a glass substrate is used as the 

transparent substrate, a crystalline ITO film having a 

low electric resistance value can be formed as the 

transparent conductive layer by either of a manner of 

forming the ITO ·film at a film formation temperature of 

400 t. or more and a manner of forming the film at a low 

temperature and then carrying out the heat treatment at 

400 t or more. In the case th~t the molded article of 

the polymer is used as the transparent substrate, 

however, the upper limit of the ~emperature of the film 

formation or the temperature of the heat treatment after 

the film formation is limited to the heat-resistant 

temperature of the molded article of the polymer. The 

upper limit temperature is usually 250 t or less. The 

ITO film formed at a low temperature, particularly at 

ro~ temperature has many structural faults and is 

chemically unstable. 

In the electroluminescence light-emitting element in 

which the ITO film formed at the low temperature is used 



- 9 -

as the transparent electrode, a reaction of the material 

of the ·light-emitting layer with the ITO film in the 

vicinity of the interface between the light-emitting 

layer and the ITO.film is accelerated during the light 

emission by an applied electric field, so that the 

quality of the ITO film changes and the light-emitting 

luminance deteriorates, with the result that a 

practically sufficient durability cannot be obtained. In 

order to solve this problem, the ITO film in which the 

film quality does not change by the contact with the 

light-emitting layer and the electric field applied for 

the light emission and which is excellent in the chemical 

stability needs to be used as the transparent conductive 

layer. 

In practice, in the electroluminescence light­

emitting element,. it is required that when the light 

emission is continued under conditions of 40 t and a 

·relative humidity of 90%, a light emission durability 

time of a light-emitting luminance/initial light-emitting 

luminance change ratio I/Io = O.S is 200 hours or more. 

Needless to say, the higher the light-emitting luminance 

is, more desirable. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned circumstances, the 

present invention has been intended, and an object of the 
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present invention is to provide a transparent conductive 

laminate in which an amorphous ITO film having improved 

moist heat resistance and scuff resistance is formed on a 

main surface of a transparent substrate. A conventional 

amorphous ITO film is unstable to environment, and when 

the amorphous ITO film is merely exposed to the 

atmosphere, the electric resistance of the conventional 

amorphous ITO film rises owing to water vapor in the 

atmosphere. In addition, the mechanical strength of the 

amorphous ITO film is so weak that it is scuffed by 

slight friction. Hence, the conventional amorphous ITO 

film is inferior to a crystalline ITO film in moist heat 

resistance and scuff resistance. On the contrary, 

according to the present invention, a good amorphous ITO 

film having an excellent stability and mechanical 

stren9th can be obtained, and by the use of this 

amorphous ITO film, a transparen~ conductive laminate 

which is excellent in the moist heat resistance and the 

scuff resistance can be supplied. When this laminate is 

used .. as the transparent electrode of an 

electroluminescence light-emitting element, a 

particularly remarkable effect can be exerted, and since 

the chemical unstableness of the ITO film.which causes 

· the deterioration of luminance during continuous light 

emission can be eliminated, the electroluminescence 

light-emitting element in wnich the durability of the 
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continuous light emission is improved can be provided. 

The present inventors have intensively researched to 

solve the above-mentioned problem, and as a result, it 

has been found that, in a transparent conductive laminate 

in which an amorphous transparent conductive layer mainly 

comprising indium, tin and oxygen is formed on a 

transparent substrate, the transparent conductive layer 

which holds an amorphous state.even after subjected to 

the heat treatment is chemically and physically stable 

and excellent in the moist heat resistance and the scuff 

resistance. This transparent conductive layer can be 

prepared by depositing an amorphous material mainly 

comprising the oxides of indium and tin and having a 

resistivity of" ixio-2 Q·cm or more by a sputtering 

process, and then subjecting the material to a heat 

treatment to form the amorphous.transparent conductive 

layer having a resistivity of lxlo-2 O·cm or less. 

Thus, the present inventors have found that the 

transparent conductive laminate having a sufficiently low 

electric resistance value can be obtained by this 

treatment, and on the basis of this finding, the present 

invention has been completed. The electron mobility of 

this transparent conductive laminate is 20 cm2/(V·sec) or 

more, and even when the transparent conductive laminate 

is subjected to the heat treatment, its value is 

maintained at 20 cm2/(V·sec) or more and an electron 
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concentration increases.· Furthermore, when this 

transparent conductive laminate is used as the 

transparent electrode of the electrolwninescence light­

emi tting element, the deterioration of the light-emitting 

luminance ·by the continuous light emission can be 

inhibited to such a remarkable degree as not to be seen 

in a conventional case. 

The method for forming the ITO film having the high 

resistivity by the sputtering process under a high oxygen 

concentration atmosphere has been disclosed in Japanese 

Patent Application Laid-open No. 36703/1991 (JP, A, 3-

36703), and there is herein described an ITO film having 

a surface resistance value in the range of 1 MO/D to 
. . 

several GO/a which can be manufactured by sputtering or 

vapor deposition in the atmosphere of a heightened oxygen 

partial pressure. However, the ITO film having such a 

high electric resistance value, ~eedless to say, cannot 

directly be used as the transparent electrode of the , 
electrolwninescence light-emitting element. 

Furthermore, in Japanese Patent Application Laid-

open No. 143525/1989 (JP, A, 1-143525), there has been 

disclosed a method for preparing a transparent conductive 

film having improved mechanical durabiiity by forming the 

ITO film under a high oxygen concentration atmosphere by 

the sputtering process, and then subjecting the film to 

the heat treatment. In this publication, the amount of 
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an oxygen gas to be .introduced is regulated so that a 

surface resistance change ratio R/Ro (Ro = a surface 

resistance before the heating., and R = a surface 

resistance after the heating) of the transparent 

conductive film subjected to the heating at a temperature 

of 150 t for 30 minutes after the film formation may be 

0.8 ~ R/Ro ~ 1.0, preferably may be substantially 1, 

whereby the transparent conductive film having a high 

keystroke resistance can be obtained. However, in order 

to obtain the transparent conductive film having the 

sufficient light-emitting durability as the transparent 

electrode of the electroluminescence light-emitting 

element~ this preparation method is insufficient as 
. -

described in the undermentioned comparative example. In 

the present invention,· the ITO film of lxio-2 O·cm or 

more is first formed by the sputtering process under the 

hig~ oxygen concentration atmosp~ere, but in the case of 

a film thickness of 100 nm, this value corresponds to 

1000 0/D or more. That is to say, in the present inven­

tion, if the resistivity can be lowered by the heat 

treatment, it is preferred that.the ITO film having the 

highest possible resistivity is first formed. ay the 

utilization of the ITO film whose resistivity before the 

heat treatment is ~x10-2 O·cm or less, i.e., 1000 0/D or 

less in the case of a film thickness of 100 nm, a suf f i­

cient effect cannot be obtained, when the ITO film is 



- 14 -

used as the transparent electrode of the electrolmnines­

cen~e light-emitting element. 

One aspect of the present invention is directed to a 

transparent conductive laminate in which an amorphous 

transparent conductive layer (B) mainly comprising 

indimn, tin and oxygen is formed on one main surf ace of a 

transparent substrate (A), said transparent conductive 

layer maintaining an amorphous state after subjected to a 

heat treatment. 

·Another aspect of the present invention is directed 

to a transparent conductive laminate in which an 

amorphous transparent conductive layer (B) mainly 

comprising indimn, tin and oxygen and having a 

resistivity ~f ·1x10-2 O·cm or more is formed on one main 

surface of a transpar·ent substrate (A), the resistivity 

of said transparent conductive laminate becoming lxio-2 

O·cm or less by a heat treatment. while the amorphous 

state of said transparent conductive layer i.s maintained, 

and another transparent conductive laminate whose resis­

tivity decreased lxio-2 Q·cm or less by a heat 

treatment. 

Still another aspect of the present invention is 

directed to a t~ansparent conductive laminate in which an 

amorphous transparent conductive layer (B) mainly· 

comprising indimn, tin and oxygen and having an electron 

mobility of 20 cm2/(V·sec) or more is formed on one main 
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surface of a tre1:nsparent substrate (A), s_aid transparent 

conduc_tive . layer maintaining an electron mc:>bility of 20 

cm2/(V·sec) or more and an amorphous state by a heat 

treatment, a transparent conductive laminate in which the 

electron density of the transparent conductive layer (B) 

is increased by the heat treatment, and a transparent 

conductive laminate in which the electron density is 

increased, while an electron mobility of 20 cm2/(V·sec) 

or more and the amorphous state are maintained. 

The transparent conductive layer (B) is preferably 

formed by a sputtering process under a high oxygen 

concentration atmosphere, and the transparent substrate 

(A) is preferably a molded· article of a transparent 

polyliler. 

The heat treatment is preferably·carried out in the 

range of 80 to 180 "C in the air, in an atmosphere of an 

inert _gas such as nitrogen or in.vacuo. Moreover, be-

tween the transparent substrate (A) and the transparent 

conductive layer (B), a metal thin layer may be formed. 

Furthermore, the present invention is directed to an 

electroluminescence light-emitting element in which a 

light-emitting layer (C) containing at least zinc sulfide 

and a back surface electrode (D) are formed in turn on 

the conductive surface of a transparent conductive 

laminate, the above-mentioned transparent conductive 

laminate being used in said electroluminescence light-
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emitting element• This element can·exert a noticeable 

effect, when driven by a power source superposing a DC 

component to an AC component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a transparent 

conductive laminate according to a preferable embodiment 

of the present invention. 

Fig. 2 is a graph showing X-ray diffraction patterns 

of a ~ransparent conductive laminate (Example 4) in which 

a transparent conductive layer is amorphous even after a 

heat treatment, and another transparent conductive 

laminate (Comparative Example 3) in which the·transparent 

conductive layer is crystalline after the heat treatment. 

Fig. 3 is a graph showing relations between the 

oxygen concentration at the time of film formation and 

the resistivity of a formed ITO film on the basis of 

different heat ~reatment times. 

Fig. 4 is a sectional view of the transparent 

conductive laminate having a metal thin layer. 

Fig. 5 is a sectional view of an electroluminescence 

light-emitting element in a preferable embodiment of the 

present invention. 
. . 

Fig. 6 is a graph· showing relations of the electron 

mobility, the moist heat resistance and the scuff 

resistance of an ITO film to an oxygen partial pressure 
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at the time of the f.ilm formation. 

Fig •. 7 is a grap~ showing·relations of the electron 

mobility, the moist heat resistance and the scuff 

resistance of the ITO film to the oxygen partial pressure 

at the time of the film formation. 

Fig. 8 is a graph showing relations of the electron 

mobility, the moist heat resistance and the scuff 

resistance of the ITO film to the oxygen partial pressure 

at the time of the film formation. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A transparent conductive laminate according to a 

preferable embodiment of the present invention, as shown 
. -

in Fig. 1, comprises a transparent substrate 10 and at 

least a transparent conductive layer 20 formed on the 

transparent substrate 10. This transparent conductive 

layer 20 is an amorphous film mainly comprising indium, 

tin and oxygen, i.e., an amorphous ITO film. 

In the present invention, the amorphous ITO film 

does not show an In2o3(222) peak and an In2o3(400) peak 

for certifying a crystalline phase in X-ray diffraction 

patterns by a 0 -2 0 method. In the case that a CuK a 

ray is used as an X-ray, the In2o3 (222) peak appears at 

20= 30"-31" ; and the In2o3 (400) peak appears at _2.0= 

35"-36". Fig. 2 shows examples.of X-ray diffraction 

patterns (CuKa ray) of an amorphous ITO film (Example 4) 
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and a crystalline ITO film (Comparative Example 3). 

The ITO "film can usually be formed by a reactive 

sputtering process in which argon is used as a sputtering 

gas and oxygen is used as a reactive gas. As a sputter 

target, an indium-tin alloy or an indium oxide-tin oxide 

sinter is used. In the case that either target is used, 

there is a·sputtering gas of an argon oxygen partial 

pressure ratio which can minimize an electric resistivity 

of the formed ITO film. Conventionally, in forming the 

ITO film, the argon-oxygen partial pressure ratio of the 

sputtering gas is controlled so that a resistivity. may be 

minimum, whereby the ITO film having a low resistivity 

can be obtained. 

However, the conventional ITO film which has been 

formed at 180 t or less, particularly at room 

temperature in the sputter gas of the argon oxygen 

partial pressure ratio for minim~zing the electric 

resistivity and which has not been subjected to any post 

treatinent is an amorphous film which cont~ins many 

structural faults such as oxy~en defects and which are 

chemically and physically unstable and brittle. Thus, in 

the electroluminescence light-emitting element having an 

excellent light-emitting durability, the stable amorphous 

ITO film having the few structural faults is required to 

be used as.a transparent electrode. In order to obtain 

such a stable amorphous ITO film, it is necessary to form 
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the ITO film having a resistivity of lxlo-2 O·cm or more 

by the use of the sputtering gas for the sputtering 

process in which an oxygen content is larger than the 

argon-oxygen partial pressure ratio for minimizing the 

resistivity. In other words, by the use of the 

sputtering gas in which an oxygen partial pressure is 

larger than the value for minimizing the resistivity, the 

stable ITO film having the amorphous structure can be 

obtained in which structural faults such as the oxygen 

defects are small. 

As carrier electrons for undertaking the electric 

conduction of t~e ITO film,.there are those which can be 

produced by oxygen defects and those which can be 

produced by tin. In the ITO film having the-few oxygen 

defects formed under c·ondi tions where the oxygen partial 

pressure is high, an electron mobility for representing 

the mobility of the carrier elec~rons is 20 cm2/(V·sec) 

or more. That the electron mobility.is high means that 

defects for disturbing the movement of the carrier 

electrons in the film are small. In the present 

invention, the electron mobility is preferably.20 

cm2/(V·sec) or more in order that the ITO film after the 

heat treatment may maintain the amorphous state. 

However, when the oxygen partial pressure is larger 

than the value for minimizing the resistivity, an 

electron density lowers, so that the resistivity of the 
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ITO film is as high as 1x10-2 O·cm or more. A 

resistivity p [O·cm] of the ITO film can be obtained in 

accordance with the equation (1), 

p = 1/ ( e · n · µ ) ( 1). 

wherein n is an electron density [electrons/cml], µ is 

an electron mobility (cm2/(V·sec)], and e is an unit 

electron charge [C]. Incidentally, an electric 

resistance value can be obtained by dividing the 

resistivity of the ITO film by the thickness of the ITO 

film. 

The transparent electrode of the electroluminescence 

light-emitting element is required to have a low electric 

resistance, and so the transparent conductive laminate in 

which the ITO film having the low electron density is 

formed on the main surface of the substrate cannot be 

directly used in the electroluminescence light-emitting 

element. Thus, in the present i~vention, the ITO film is 

subjected to the heat treatment to lower the resistivity 

to lxlo-2 O·cm or less. However, even when the 

resistivity is lowered, the effect of the heat treatment 

cannot be exerted, if the electron mobility of the ITO 

film is not maintained at 20 cm2/(V·sec) or more or if 

the amorphous structure is not kept up. That is to say, 

the drop of the electron mobility means that the 

structure of the ITO film has changed, and such an ITO 

film is so unstable that its structure is changed by the 
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heat treatment and it is poor in the moist heat 

resistance and the scuff resistance •. Therefore, the 

transparent conductive laminate comprising such an ITO 

film is not practical. 

The drop of the resistivity of the ITO film by the 

heat treatment is caused by the increase of .the electron 

density, and it i$ desired that at least the electron 

mobility does not drop. That is to say, in the present 

invention, it is preferred to previously form such a 

stable amorphous ITO film that the electron mobility does 

not drop even by the application of the heat treatment 

and the amorphous structure is maintained, and it is also 

preferred that the thus formed ITO film is further 

subjected to the heat treatment. The reason why the 

electron density increases by the heat treatment is not 

definite, but it can be presumed that excessive oxygen is 

released from the film to genera~e the oxygen defects in 

the film and to thereby produce the carrier electrons, 

and that tin atoms move to positions where the carrier 

electrons are efficiently produced. · Incidentally, the 

heat treatment may be carried out at a time when an 

electrode of a display element such as a liquid crystal 

display or the electroluminescence light-emitting element 

is formed. 

In the case that the electrolwninescence light-

emi tting element in which the molded article of a polymer 
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is used as the transparent substrate is curved and used, 

curve durability can ~ ·improved by enhancing the 

adhesive properties between the molded article of the 

polymer and the transparent conductive layer. The 

enhancement of the adhesive properties can be achieved by 

inserting such a metallic thin film as not to impair the 

transparency between the molded article of the polymer 

and the transparent conductive layer. 

As a·driving power source for emitting the light 

from the electroluminescence light-emitting element, an 

AC power source ·is usually used, but it may be an AC 

power source containing no DC component or an AC power 

source containing the DC component. If the power source 

containing no DC component for output is used as the 

power source for forming an AC waveform from a DC power 

source such as a cell, a circuit is complex, which is not 

suitable for miniaturization. F~om this viewpoint, it is 

desirable to use the power source for outputting the AC 

containing the DC component. However, if the power 

source contains the DC component, the deterioration of 

the ITO film which is the transparent electrode is liable 

to be accelerated, and so the more stable ITO film has 

been required. 

The substrate which can be used in the present 

invention is required to be transparent to visible light, 

and examples of the usable substrate include molded 
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articles of inorganic compounds such as glass and quartz 

as well as·. molded arti.cles of organic polymers. Above 

all, the molded articles of the organic polYJDers are more 

suitable because of being lightweight and unbreakable. 

Typical examples of materials for the usable transparent 

molded articles of the polymers ~nclude polye~hylene 

terephthalate, polyether sulfones, polystyrenes, 

polyethylene, polyethylene naphthalate, polyarylates, 

polyetheretherketones, polycarbonates, polypropylene, 

polyimides and triacetyl celluloses. The transparent 

molded article of the polymer may be plate-like or film­

like, so long as the main surface of the formed 

transparent conductive !·ayer is smooth. In the case that 

the plate-like molded article of the.polymer is used as 

the substrate, the transparent conductive ·laminate having 

excellent dimensional stability and mec.hanical strength 

can be obtained, because this kind of molded article is 

excellent in the dimensional stability and the mechanical 

strength. Therefore, the plate-like molded article of 

the polymer can suitably be used for applications in 

which the dimensional stability and the mechanical 

strength are required. Furthermore, the transparent 

polymeric film has flexibility, and in the case that this 

film is used as the substr~te, the flexible 

electroluminescence light-emitting element can be 

obtained, and therefore this element is particularly 
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effective in the case that- it is curved when used. 

Moreover, the polymeric film is thinner than the plate- . 

like molded article, so ~hat the thin type 

electrolwninescence light-emitting element can be 

obtained. Since the transparent conductive layer, the 

light-emitting layer and the back surface electrode can 

continuously be formed from the flexible polymeric film 

by ~ roll-to-roll method, the transparent conductive 

laminate can be efficiently produced by the use of this 

flexible polymeric film. In this case, the thickness of 

the film is usually in the range of 10 to 250 µm. If 

the thickness of the film is less than 10 µm, the 

mechanical strength which the substrate should have is 

insufficient, and if it is more than 250 µm, the 

flexibility is poor, so that such a thick film is not 

suitable for a case that the film is wound around a roll 

and then utilized. 

Of the materials for transparent molded articles, 

the polyethylene terephthalate can be more suitably 

utilized, because of being excellent.in transparency and 

workability. Furthermore, the polyether sulfones are 
I 

excellent in the heat resistance, and hence they can be 

more suitably utilized in the case that the heat 

treatm~nt is required in assembling the 

electrolwninescence light-emitting element. 

The surface of the substrate may be subjected to a 
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sputtering treatment, a corona discharge treatment, a 

flame treatment, ultraviolet irradiation, an etching 

treatment such as electron beam irradiation, or an 

undercoating treatment for the purpose of improving the 

adhesive properties of· the amorphous transparent 

conductive layer mainly comprising the oxides of indium 

and tin to the substrate. Furthermore, prior to the 

formation of the amorphous transpar~nt conductive film 

mainly comprising the oxides of indium and tin, a dust­

proof treatment such as solvent cleaning or ultrasonic 

cleaning may be carried out for the substrate, if 

necessary. 

In the present invention, the amorphous transparent 
. . 

conductive film (the ITO film) mainly comprising the 

oxides of indium and tin is formed on one main surface of 

the substrate. The composition of this transparent 

conductive film has an.influence.on electrical _properties 

and transparency, but in general, a tin content to indium 

is in the range of about 3 to 50% by weight, and the 

number of oxygen atoms per atom of indium is in the range 

of about 1.3 to 1.8. The oxygen content and the tin 
• content have an influence on the electron mobility and 

.the electron density of the transparent conductive film, 

and therefore the control of their .contents is r~quired 

to be carried out at the time of the film formation. 

In the present invention, as already described, the 
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transparent conductive film mainly comprising the oxides 

of indium and tin formed on the substrate is amorphous 

and can maintain the amorphous state even after subje~ted 

to the heat treatment. Its ITO film is amorphous and has 

a resistivity of lxio-2 ·o·cm or more at the time of the 

film formation, and even after the heat treatment, the 

ITO film must maintain the amorphous state and have a · 

resistivity of 1x10-2 O·cm or less so that it may be 

used as the transparent electrode. In order to meet 

these requirements, the ITO film is formed under a high 

oxygen concentration atmosphere by the sputtering 

process. 

The high oxygen concentration atmosphere referred to 
. 

in the present invention means an atmosphere in which an 

oxygen partial pressure ratio is higher than an argon-

oxygen partial pressure ratio for minimizing the 

resistivity. In this case, the preferable oxygen partial 

press~re depends upon the density of the target, a 

composition ratio of the indium oxide and the tin oxide, 

a film formation rate and the like, but it can be 

experimentally determined so that the resistivity may be 

lxio-2 O·cm or more. In general, the oxygen partial 

pres~ure to the total pressure is in the range of about 3 

to 40% in the case that the oxides of indium and tin are 

used as the targets, and in the range of about 40 to 80% 

in the case that an indium-tin alloy is used as the 
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target. When the·ITO film is deposited under the high 

oxygen concentration atmosphere, the ITO film having a 

stable amorphous structure in which a few structural 

faults such as oxygen defects are present can be 

obtained. 

The high oxygen concentration atmosphere will 

further be described in detail. When the ITO film is 

formed by the sputtering process, it is necessary that an 

oxygen concentration should be set to be higher than the 

partial pressure ratio.for_ minimizing the resistivity so 

that the resistivity of the amorphous film which has not 

been subjected to the heat treatment inunediately after 

the film·formation may be in excess of lxl0~2 O·cm. 

Even when the sputtering is carried out in the atmosphere 

in which the oxygen concentration is higher than the 

partial pressure ratio for minimizing the resistivity, 

the formed ITO film is liable to.crystallize and 

unstable, if the resistivity of the formed ITO film is 

lxlo-2 O·cm or less. Furthermore, in the case that .the 

oxygen concentration is lower than the partial pressure 

ratio -for minimizing the resistivity, the ITO film is 

1-iable to crystallize and unstable, even if the 

resistivity of the formed ITO film is in excess of lxlo-2 

O·cm. 

Moreover, as a sputter gas for the sputtering, argon 

is usually used, but other inert gases such.as neon, 
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xenon and krypton are also usable. 

· The electron mobility of the thus formed ITO film is 

20 cm2/(V·sec) or more, and it can maintain an electron 

mobility of 20 cm2/(V·sec) or more even after the heat 

treatment. 

The content of tin with respect to indium is 

preferably in the range of 3 to 50% by weight. The blend 

of tin enables the production of carrier electrons in the 

ITO film and the drop of the resistivity. If.the content 

of tin is too low, the resistivity rises, and tin as an 

impurity for indium is not present, so that the crystals 

of indium oxide are liable to be formed at the time of 

the heat treatment. Accordingly, in order to surely 

maintain the·amorphous state even when the heat treatment 

is done, the content of tin with respect to indium· is 

preferably in the range of 10 to 50% by weight, more 

preferably 15 to .50% by weight. Conversely, if the 

content of tin is too high, the resistivity rises, so 

that the resistivity does not drop unpreferably, even 

when the heat treatment· is done. 

The transparent electrode of the electroluminescence 

light-emitting element is required to possess a low 

electric resistance, and therefore there cannot be used 

the transparent conductive laminate in which the ITO film 

having a high resistivity as much as.lxlo-2 O·cm or more 

is formed on one main surface of the substrate· •. Thus, in 
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the case that the transparent conductive laminate having 

the low electric resistance is required, the heat 

treatment is done to increase the electron density and to 

lower the resistivity to lxio-2 O·cm or less. In this 

case, it is important that the ITO film which cannot 

maintain the ·amorphous structure after the heat treatment 

is so unstable that the structure of the ITO film is 

changed by the heat treatment, and in the case that the 

ITO film is used the electrode, the light-emitting 

durability, of the electroluminescence light-emitting 

element cannot be improved. The transparent conductive 

laminate comprising the ITO film which cannot maintain 

the amo~phous state is not practical and cannot maintain 

an electron ~obllity of 20 cm2/(V·se~) or.more. 

However, the ITO.film formed so as to_ obtain a 

resistivity of lxlo-2 Q·cm or more by the sputtering 

process under the high oxygen col}.centration atmospher.e in 

which an oxygen partial pressure ratio is higher than the 

partial pressure ratio of argon-oxygen of the sputter gas 

for minimizing the resistivity is the stable amorphous 

film which is not crystallized by the heat treatment • 
• Here, if the oxygen concentration at the time of the film 

formation is too high, a very long time is taken to lower 

the resistivity, or this resistivity does not lower to 

.lxlo-2 Q ·cm or less. Accordingly, the oxygen 

concentration for the formation of the ITO film whose 
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resistivity sufficiently lowers by the heat treatment is 

required to be experimentally determined, but when the 

resistivity is 100 O·cm or more, it scarcely lowers to 

lxlo-2 O·cm or less even when the heat treatment· is 

carried out. 

The conditions of the heat treatment is such that . 

the ITO film can maintain the amorphous state even after 

the heat treatment, and the object of the heat treatment 

·can be.achieved by subjecting the ITO film to a 

temperature more than room temperature ~or a long period 

of time, but a preferable heating temperature is in the 

range of 80 to 180 "C • If the heating temperature is 

less than 80 t, the effect of increasing the electron 

density is small, so that a long treatnient time of 

several days is required. Conversely, if the heating 

temperature is more than 180 t, the unprefeiable ITO 

film is formed which is a crystalline film of small 

crystallites having many structural faults such as 

crystalline boundaries. A temperature of 80 to 180 "C 

can be applied to glass and most of the molded article of 

the polymer, and so this temperature is particularly 
• suitable for the substrate comprising the molded article 

of the polymer to which the heat treatment at a high 

temperature cannot be applied. 

With regard to an environmental atmosphere at the 

time of the heating; any atmosphere except for a strong 
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oxidizing atmosphere is acceptable, ~nd so the-heating 

can be carried out under an atmosphere of vacuum, the air 

or an inert gas such as nitrogen. A heating time depends 

upon the kind of substrate, the resistivity and the 

thickness of the ITO film, the treatment temperature and 

the like, and it can be experimentally determined, but it 

is usually in the range of about 10 minutes to 24 hours. 

The saturation of the electron density is attained by the 

heating for a certain heating time, and hence it is 

meaningless to carry out the heat treatment for an 

excessively long time. 

One example of th,e conditions of the film formation 

and the conditions of the heat treatment will be 

described with reference to Fig. 3 of the attached 

drawings. Fig. 3 is a graph showing relations between an 

oxygen partial pressure at the time of film formation and 

the resistivity of the ITO film. The formation of the 

ITO film is as follows. 

The ITO film was formed on one-main surface of a 

polyethylene terephthalate film (thickness = -188 µm) by 

the use of indium oxide-tin oxide (composition ratio 

In2o3 : Sno2 = 80 : 20 wt%) as a target and an argon­

oxygen mixed gas (total pressure = 266 mPa) as a sputter 

gas in accordance with a magnetron DC sputtering process. 

A heat treatment temperature was 150 t , and heating 

treatment times were 0 minute, 2 hours, 4 hours and 6 
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hours. 

When the total pressure of the argon-oxygen mixed 

gas is 266 mPa, the resistivity is minimum under an 

oxygen partial pressure of 4 mPa (1.5%) at a certain film 

formation rate, and this condition is the conventional 

condition of the ITO film formation. The high oxygen 

concentration ref erred to in the present in~ention is an 

oxygen concentration at which the resistivity is lxlo-2 

O·cm in Fig. 3, i.e., about 10 mPa (4.0%) or more. As 

is apparent from the results in.Fig. 3, the resistivity 

drops by the heat treatment. The higher the oxygen 

concentration is, the larger the resistivity of the 

obtained ITO.film is, and the longer the time which is 

required to lower the resistivity is. 

As the formation method of the stable amorphous 

transparent conductive film (the ITO film) mainly 

comprising the oxides of indium and tin, there can be 

employed any conventional known·physical vapor deposition 

method such as a vacuum deposition method, a sputtering 

process or an ion plating method. Above all, the 

sputtering process can suitably be u~ed, because an 

oxygen content in the film can easily be controlled. 

In the sputtering process, an indium-tin alloy or an 

indium-tin oxide is used as a target, and an inert gas 

such as argon is used as a sputter gas. In addition, 

oxygen is used as a reactive gas. Under the conditions 
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of a pressure of 13.3 to 2660 mPa and a substrate 

·temperature in the formed film of 20 to 150 t, a DC or a 

radio frequency (RF) magnetron sputtering process can be 

utilized. 

The thickness of the ITO film is controlled to give 

a desired value of the surface resistance thereof, and 

the surf ace resistance can be decreased by increasing the 

thickness of the ITO film. However, an unnecessarily 

thick ITO film is liable to cause a trouble such as a 

. decrease in a light transmittance and a crack in the ITO 

film by bending. If the ITO film is too thin, the 

surface resistance of the ITO film exceeds the desired 

value. Since the long time is necessary for forming a 

thick ITO film·,· it is not preferable to unnecessarily 

thicken the ITO film. The thickness of the ITO film is 

preferably in range of 30 to 300 nm, and more preferably 

in range of SO to 200 nm. 

In the present invention, a thickness of a film is 

controlled by a following manner. First, a desired thin 

film as a reference is formed on a sufficiently flat 

substrate such as a glass plate and a step between a 

portion at which the film is formed and another portion. 

at which the f.ilm is not formed is measured by a surface. 

roughness meter to determine the thickness of the 

reference film. Next, deposition rate R [nm/sec] is 

calculated by dividing the thickness of the reference by 
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the deposition time thereof. Then, the thickness of the 

film is controlled by a deposition time t [sec] using the 

deposition rate R as a constant. The thickness of the 

film is represented by following equation (2), 

Thickness of film [nm] = R/t (2). 

An atomic composition of the transparent conductive 

layer formed by the above-mentioned method can be 

measured by an Auger electron spectroscopy method (AES), 

an inductive coupling plasma (ICP) emission spectroscopy 

method, a Rutherford back scattering method (RBS)· or the 

like •. Furthermore, the thickness of the transparent 

conductive layer can be measured by a depth profile 

observation by the Auger electronic spectroscopy, a 
. -

section observation by a transmission electron 

microscope, or the like. Moreover, the crystallinity of 

the ITO film can be judged by an X-ray diffraction method 

(XRD) or an electron diffraction .method. 

In order to enhance the adhesive properties between 

the transparent substrate and the transparent conductive 

layer, as shown in Fig. 4, a metal thin layer 15 having 

such a thickness as not to impair the transparency-may be 
• inserted between a substrate 10 and a transparent 

conductive layer 20. Particularly in the case that a 

polymeric f il_m is used as the transparent substrate to 

obtain the flexible electroluminescence light-emitting 

element, the insertion of the metal thin layer is a means 
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effective to improve flexing resistance. This metal thin 

layer 15 comes in contact.with the ITO film, and 

therefore it can be presumed that most of the layer 

actually becomes metal oxides, but this phenomenon has no 

influence on the effect of the present invention. 

Typical examples of the usable metal material for the 

metal thin layer include nickel, chromium, gold, silver, 

zinc, zirconium, titanium, tungsten, tin, palladium and 

alloys comprising two or more thereof. No particular 

restriction is put on the thickness of the metal thin 

layer, any thickness is acceptable, so long as it is such 

as not· to impair the transparency, but it is preferably 

in the range of about 0.02 to 10 run. If the metal thin 

layer .is too thin, the sufficient improveinent effect of 

the adhesive properties cannot be obtained, and 

conversely, if it is too thick, the transparency is 

impaired. It is to be noted tha~, in the present 

invention, the thickness of the metal thin layer is also 

determined by the above equation (2). Therefore, the 

metal thin layer can be formed thin by shortening the 

deposition time. In the present invention, it is not 

necessary to' form the metal thin layer in a form of a 

complete and uniform film. For example, the metal thin 

layer may be formed in a form of an island on the 

substrate. 

As a method for forming the metal thin layer, there 
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is a conventional known thin layer formation method, and 

typical examples of the suitable formation method include 

a sputtering process and a vacuum deposition method. 

Above all, the sputtering process is preferable, because 

this process can suitably be utilized for the formation 

of the transparent conductive layer which is to be 

laminated on the previously formed metal thin layer, and 

so these two layers can be formed and laminated by one 

apparatus using the sputtering process, which can lead to 

the improvement of a production efficiency. 

Furthermore, for the purpose of improving mechanical 

properties·, a transparent hard coating layer may be 

formed on the s~rface opposite to the surface of the 

substrate on which the ITO film is formed~ and an 

optional protective layer may further be formed on the 

ITO film so as not to impair electric resistance, 

transparency, environmental resi~tance, and durability in 

the case that it is used as the transparent electrode. 

In addition, in order to improvement the transparency and 

to prevent the release of a gas and the separation of 

components from the substrate at the time of the heat 

treatment, a suitable thin layer other than ~he metal 

thin layer may be inserted between the substrate and the 

transparent conductive layer. 

Next, a preferable embodiment of the 

electroluminescence light-emitting element of the present 
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invention will be described with reference to Fig. S. 

The transparent conductive layer 20 is formed on one 

main surface of the transparent substrate 10, and 

further, on the transparent conductive layer 20, a 

light-emitting layer 30 containing at least zinc sulfide 

and a back surface electrode 40 are laminated in turn. 

The transparent conductive layer 20 can be formed by 

first forming a stable amorphous film mainly comprising 

the oxides of indium and tin on one main surf ace of the 

subs·trate 10, and t;hen subjecting the film to the heat 

treatment to lower the resistivity of this film to lxlo-2 

Q·cm or less, keeping up the amorphous state. When an 

.electric field·is applied between the transparent 

conductive layer 20 and the back surface electrode 40 by 

a power source SO, the light-emitting layer 30 emits the 

light. 

As a material for the light~emitting layer, zinc 

sulfide containing a suitable activator as a luminescence 

center is preferably used. An emission color depends 

upon the selected activator which is mixed with zinc 

sulfide. For example, when copper is used as the 

activator, the emission color is green, and when 

manganese is used, it is yellow. Zinc sulfide is usually 

in the state of powder; and its particle diameter is 

usually in the range of about 20 to 30 µm. Needless to 

say, a material containing, as a main component, a 
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compound other than zinc sulfide can be used as the 

ligh:t-emitting layer, so long.as it can emit the light 

the electroluminescence. 

For the formation of the light-emitting layer, a 

coating method can be used. That is to say, the light­

emitting layer can be formed by first mixing a zinc 
' sulfide powder with a suitable binder, dispersing the 

mixture in a suitable solvent, coating the transparent 

by 

conductive layer with the disper$ion, and then subjecting 

it to the heat treatment at 100 to 150 "C to vaporize the 

solvent. Examples of the suitably usable binder include 

cyanoethyl cellulose, cyanoethyl plurane and cyanoethyl . 

polyvinyl alcohol. The suitably usable solvent is a 

solvent which can vaporize by the heat treatinent of 100 

to 150 "C, and examples of such a solvent include acetone 

and propylene carbonate. The thickness of the light-. 

emitting layer is not particularly restricted, and any 

thickness is acceptable, so long as it permits the 

acquisition of a sufficient light-emitting luminance, but 

it is usually 50 µm or more. If the light-emitting 

layer is too thin, the sufficient light-emitting 

luminance cannot be obtained. In forming the light-

emi tt.ing layer, for example, an edge portion or the like 

of the transparent conductive layer must remain as it is 

without forming the light-emitting .layer thereon so that 

the electrode can be taken out later on from this portion 
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of the transparent conductive layer. 

After the formation of the light-emitting layer, the 

back surface electrode is further formed thereon, but in 

general, in order to improve the light-emitting 

luminance, a·dielectric layer is inserted between the 

light-emitting layer and the back surface electrode. The 

dielectric layer may be formed from a material having a 

high dielectric constant by a physical vapor deposition 

method or a chemical vapor deposition method, but for 

convenience, the same coating method as in the formation 

of the light-emitting layer can be used. According to 

the coating method, a powder having a high dielectric 

constant such as barium titanate is dispersed in the same 

binder and solvent as used in the formation-of the 

light-emitting layer,·and the coating of the resulting 

dispersion is then carried out in the same manner as in 

the formation of the light-emitt~ng layer. 

Lastly, the back surface electrode for applying the 

electric field to the light-emitting layer is formed. 

Any material for the back surface electrode can be used, 

so long as it is electrically conductive, and examples of 

the preferable material for the back surface'electrode 

include metals such as aluminum and silver and carbon. 

In order to emit light from the electroluminescence 

light-emitting element prepared by the above-mentioned 

means, the electric field is applied between the 
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transparent conductive layer and the back surface 

electrode. The electr~c field to be applied is 

preferably an AC field containing no DC component. If 

the DC component is superposed on the AC component, the 

electric field is applied in one direction to the inside 

of the electroluminescence light-emitting element, so 

that the deterioration of the transparent conductive 

layer is accelerated. When the AC on which the DC 

component is superposed is ap~lied to the conventional 

ITO film, the deterioration of the ITO film is noticeably 

accelerated, but as for the.ITO film according to the 

present invention, even when the AC on which the DC 

component is superposed is applied thereto, the 

deterioration· is controlled, so that the ITO film is kept 

practical. The voltage and the frequency of an AC power 

source which can be used herein are such that the light­

emi t ting element can emit the li9ht, and for example, an 

inverter power source having an output of 100 V (an 

effective value) and about 400 Hz can be used. Such a 

power source is disclosed in, for example, Japanese 

Patent Application Laid-open No. 257591/1990 (JP, A, 2-

257591). 

Examples 

Next, the present invention will be described in 

more detail with reference to examples. 

For transparent conductive laminates prepared in 
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examples and comparative examples, electron mobility, 

electron density, resistivity, crystallinity, moist heat 

resistance and scuff resistance were evaluated before and 

after a heat treatment by the following proc~dures. 

(1) Resistivity, electron mobility and electron 

density: 

They were measured by a Hall mea.suring method. 

(2) Crystallinity: 

X-ray diffraction patterns using a CuKa ray were 

taken by a 0-20 method, and the crystallinity was judged 

by the presence/absence of an In20 3 (222) peak at 20 = 
30"-31" and an In2o3 (400) peak at 20 = 35"-36". 

(3) Moist heat resistance: 

An initial surface resistance Ro (Q/O) was measured 

by a four-terminal method, and after the transparent 

conductive laminate was allowed to stand under conditions 

of 40 ."C and a humidity of 90% fo.r 100 hours, a surface 

resistance R1 (0/C) was similarly measured. The moist 

heat resistance was judged on the basis of a ratio of 

R1/R0 • That is to say, when R1/R0 is 1.0, it can be 

judged that the electric resistant values of the 

transparent conductive laminate do not change, and so it 

is excellent in the moist heat resistance. 

(4) Scuff resistance: 

An initial surface resistance Ro (Q/O) was measured 

by a four-terminal method, and after the surf ace of the 

. r 
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transparent conductive laminate was subjected to 

reciprocative friction 100 times with a gauze of the 

Japanese Pharmacopoeir under a load of 250 gf/cm2, a 

surface resistance R2 (0/D) was similarly measured. The 

scuff .resistance was judged on the basis of a ratio of 

R2/R0 • That is to say, when R2/Ro is 1.0, it can be 

judged that the electric resistant values of the 

transparent conductive laminate do not change by the 

friction of the gauze, and so it is excellent in the 

scuff resistance. 

Example 1 

An ITO film having a thickness of SO nm was formed 

on one main surf ace of a polyethylene terephthalate film 

(thickness = 188 µm) in accordance with a magnetron DC 

sputtering process by.the use of an indium oxide-tin 

oxide sinter (composition ratio In2o3 : Sno2 = 80 : 20 

wt%) as a target and an argon-oxygen mixed gas (total 

pressure = 266 mPa, oxygen partial pressure = 5.3 mPa) as 

a sputter gas to obtain a transparent conductive layer. 

Afterward, the thus obtained layer was subjected to a 

heat treatment at 150 t for 4 hours in the atmosphere. 

Examples 2 and 3 

The same procedure as in Example 1 was repeated 

except that an oxygen partial pressure was 13.3 mPa 

(Example 2) or 26.6 mPa (Example 3), thereby preparing a 

transparent conductive laminate. 
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Comparative Examples 1 and 2 

The same procedure as in Example 1 was repeated 

.except that an oxygen partial pressure was 0 mPa, i.e., 

an argon gas alone (Comparative Example 1) or 2.7 mPa 

(Comparative Example 2), thereby preparing a transparent 

conductive laminate. 

The results of Examples 1 to 3 and Comparative 

Examples 1 and 2 are shown in Table 1. Furthermore, 

these results are shown in the form of a graph in Fig. 6. 
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Table 1 

Electron Density 
Electron Mobility x1017 

1.Sf1t2:/V•seo) (Bl1gtron1l~.l..-
Oxygen 
Partial __ Heat._ 'l'.reatment. __ _Hea_t __ 'l'reatmen_t 

Pressure 
(mPa) Before After Before After 

I 

Comp~ Ex:. 1 0 12.2 10.8 810 810 ... ... 
I. 

Comp. Ex. 2 2.7 20.1 15.1 790 740 

Example 1 5.3 23.4 24.7 260 600 

Example 2 13.3 28.8 30.8 110 410 

Example 3 26.6 29.5 32.5 35 370 



Table 1 (Continued) 

Specific Resistance 
xl0-3 

(Q•cm) ~ast.1llin;f.tx 
Moist Heat Scuff 

Hei¢ Treatment Heat Treatment Resistance Resistanc_e 

·aefore After Before After Ri/Ro R2/Ro 
I ... 

Comp. Ex. 1 6.3 7.1 Amoi:phous Amorphous 2.1 3.5 VI 

Comp. Ex. 2 3.9 5.6 Amorphous Amorphous 1.8 2.0 

Example 1 10.2 4.2 Amorphous Amorphous 1.1 1.2 

·Example 2 19.7 5.0 Amorphous Amorphous 1.0 1.1 
.. 

Example 3 60.5 5.2 Amorphous Amorphous 1.0 1.0 
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Example 4 

An ITO film having a thickness of 100 nm was formed 

on one main surface of a polyethylene terephthalate film 

(thickness = 188 µm) in accordance with a DC sputtering 

process by the use of an indium-tin alloy (composition 

ratio In : Sn = 90 : 10 wt%) as a target and an argon­

oxygen mixed gas (total pressure = 266 mPa, oxygen 

partial pressure = 117 mPa) as a sputter gas to obtain a 

transparent conductive layer. Afterward, the thus 

obtained layer was subjected to a heat treatment at 150 

"C for 4 hours in the atmosphere to prepare a transparent 

c.onductive laminate. 

Examples 5 and 6 

The same procedure as in Example 4 was "repeated 

except that an oxygen·partial pressure was 122 mPa 

(Example 5) or 128 mPa (Example 6), thereby preparing a 

.. transparent conductive laminate. 

Comparative Examples 3 and 4 

The same procedure as in Example 4 was repeated 

except that an oxygen partial pressure was 106 mPa 

(Comparative Example 3) or 111 mPa (Comparative Example 

4), thereby preparing a transparent conductive laminate. 

The results of Examples 4 to 6 and Comparative 

Examples 3 and 4 mentioned above are shown in Table 2. 

Furthermore, these results in Table 2 are simply shown in 

the form of a graph in Fig. 7. In addition, as examples 
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of the X-ray diffraction patterns of transparent 

conductive laminates comprising the crystalline and the 

amorphous ITO films, the X-ray diffraction patterns of 

Comparative Example 3 and Examp1e·4 are shown in Fig. 2. 



Table 2 

Electron Density 
Electron. Mobility xl017 

~/V•sec) (1l1ct~n1lmn1.l.,_ 
Oxygen 
Partial _ Heat_111r__ea__tmen~ ·_Heat _Treatment 

Pressure 
(mPa) Before After Before After 

I 

Comp. Ex. 3 106 10.6 9.3 57·2 1260 ~ 
co 

Comp. Ex. 4 111 22.3 18.3 1121 1196 

Example 4 117 28.5 31.0 141 560 

Example 5 122 28.9 31.3 54 487 

Example 6 129 30.1 . 32.1 23 219 



Table 2 (Continu@d) 

Specific Resistance 
xl0-3 

(Q•cm) ca1t1111n.itx 
Moist Beat Scuff 

Heat Treatment Heat Treatment Resistance Bm!is_tance 

Before After Before After Ri/Ro R2/Ro 
I .. 

Comp. Ex. 3 10.3 5.3 :Amorphous Crystalline 5.7 1.1 \0 

Comp. Ex. 4 2.5 2.9 Amorphous Amorphous . 2.1 1.8 

· Example 4 15.6 3.6 Amorphous Amorphous 1.3 1.2 

Example 5 39.8 4.1 Amorphous Amorphous 1.0 1.1 
. 

Example 6 89.4 8.9 Amorphous Amorphous 1. (j 1.1 
--------~- ---- --------- ~. 

. 
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Example 7 

The same procedure _as .in Example 1 was repeated 

except that a glass (thickness = 1 mm) was used as a 

substrate, thereby preparing a transparent conductive 
' 

laminate. 

Example 8 

The same procedure as in Example 2 was repeated 

except that a glass (thickness = 1 mm) was used as a 

substrate, thereby preparing a transparent conductive 

laminate. 

Example 9 

The same procedure as in Example 3 was repeated 

except that a glass (thickness = 1 mm) was used as a 

substrate, thereby preparing a transparent conductive 

laminate. 

Comparative Example 5 

The same procedure as in Comparative Example 1 was 

repeated except that a glass (thickness = 1 mm) was used 

as a substrate, thereby preparing a transparent 

conductive laminate. 

Comparative Example 6 

The same procedure as in Comparative Example 2 was 

repeat.ad except that a glass (thickness = 1 mm) was used 

as a substrate, thereby preparing a transparent 

conductive laminate. 

The results of Examples 7 to 9 and Comparative 
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Examples 5 and 6 mentioned above are shown in Table 3. 

Furthermore, these results in Table 3 are simply shown in 

the form of a graph in Fig. 8. 



Table 3 



TAble 3 (Continued) 

Specific Resistance 
xl0-3 

CO·cm> c;a:st1l.1~ni.t! 
Moist Heat Souf f 

Heat Treatm@nt Beat Treatm@nt Resistance ResisJ;anc_e 

Before After Before After R1/Ro R2/Ro 

I 

U1 

Comp. Ex. 5 4.7 S.7 Amorphous _Crystalline s.2 1.3 w 

Comp. Ex. 6 3.8 4.8 Amorphous Crystalline 4.8 1.0 

-
Example 7 s.o 3.5 Amorphous Amorphous 1.2 1.0 

Example 9 10.3. 3.5 Amorphou• Amorphous 1.0 1.0 

Example 9 51.2 6.6 Amorphous Amorphous 1.0 1.0 
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Examples 10 to 12 

The same procedure as in Example 1 was repeated 

except that a heat treatment temperature was 80 °C 

(Example 10), 100 °C (Example 11) or 180 °C (Example 12), 

thereby preparing a transparent conductive laminate. 

Comparative Examples 7 to 9 

The same procedure as in Example 1 was repeated 

except that a heat treatment temperature was SO 

(Comparative Example 7), 2QO °C (Comparative Example 8) 

or 250 °C (Comparative Example 9), thereby preparing a 

transparent conductive laminate. 

The results of Examples 10 to 12 and Comparative 

Examples 7 and 9 mentioned above are shown in Table 4. 

. . 



Table 4 

Electron Density 
Electron Mobility xl017 

Lm!Jla,/V • seq ) '§lJ.ec:tmnslmniL 
Heat 

Treatment Heat Treatment 
I 

Heat Treatment 
Temperature 

(oC) Before After Before After 

Comp. Ex. 7 50 23.4 23.4 260 260 
U'I 
U'I 

Example 10 80 23.4 23.8 260 500 I 

Example 11 100 23.4 24.0 260 580 

Example 1 150 23.4 24.7 260 600 

Example 12 180 23.4 26.8 260 680 

Comp. Ex. e - 200 23.4 15.3 260 980 

Comp. Ex. 9 250 23.4 - 260 



Comp. Ex. 7 

Example 10 

Example 11 

Example 1 

Example 12 

Comp. Ex. 8 

Comp. Ex. 9 

Table 4 <Continued) 

Speoif ic Resistance 
xl0-3 

cn_._cmJ 

ijeat Treatment 

Before After · 

10.2 10.2 

10.2 5.3 

10.2 4.9 

10.2 4.2 

10.2 3.4 

10.2 4.2 

10.2 -

Crystallinity 

Heat Treatment 

Before After 

Amorphous Amorphous 

Amorphous Amorphous 

Amorphous Amorphous 

Amorphous Amorphous 

Amorphous Amorphous 
' 

Amorphous Crystalline 

Moist Heat 
Resistance 

R1/Ro 

-1.5 

1.2 

1.0 

1.0 

1.0 

3.6 

Scuff 
Resistanqe 

R2/Ro 

1.1 

1.1 

1.0 

1.0 

1.0 

1.1 

The transparent·conduotive laminate was deformed. 

V'I 
0\ 
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Example 13 

The same procedure as in Example 1 was repeated 

except that, .prior to the formation of a transparent 

conductive layer, a nickel-chromium alloy thin film 

(weight ratio = 50 : 50) having a thickness of 0.05 nm 

was formed on a substrate by a sputtering process, 

thereby preparing a transparent conductive laminate. 

Example 14 

Next, electroluminescence light-emitting elements 

were prepared by the use of some of the transparent 

conductive laminates prepared in the·above-mentioned 

examples and comparative examples in accordance with the 

following procedure. 

On the transparent conductive layer of ~ach 

transparent conductive laminate, a light-emitting layer 

and a dielectric layer having the following compositions, 

respectively, were formed by a coating method, and they 

were then dried at 120 'C for 12 hours to remove the used 

solvent. In forming the light-emitting layer and the 

dielectric layer, a part of the surface of the 

transparent conductive layer was left as it was, for the 

formation of an electrode terminal. Lastly, the 

dielectric layer was coated with a carbon paste, followed 

by drying, to form a back surface electrode, thereby 

preparing the electroluminescence light-emitting element. 

· An AC power source of 100 V and 400 Hz containing no· DC 
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component was connected between the transparent 

conductive layer and the back surface electrode, and an 

electric field was then applied thereto, whereby light 

was emitted. 

·Composition of the coated light-emitting layer 

Zinc sulfide: 50 g 

Copper: 0.5 g 

Cyanoethyl cellulose: 3 g 

Propylene carbonate (solvent): 10 g 

·Composition of the coated dielectric layer 

Barium titanate: 50 g 

Cyanoethyl cellulose: 10 g 

Propylene carbonate (solvent): 30 g 

Light was emitted from the obtained 

electroluminescence light-emitting elements by the use of 

an AC powar source containing no DC component and having 

a voltage of 100 v (an effective.value) and a frequency 

of 400 Hz, and light-emitting durability and flexibility 

were then evaluated by the following procedures. 

(5) Light-emitting durability: 

Light was emitted from each electroluminescence 

light-emitting element under an atmosphere of 40 t and a 

humidity.of 90%, and an initial light-emitting luminance 

r 0 (cd/m2)_ was measured by the use of a luminance meter 

LS-llO·made by Minolta Co., Ltd. The light emission was 

continued_, and a light-emitting luminance I (cd/m2) to a 
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light emission time was measured.· A time taken to attain 

a light-emitting luminance change ratio I/Io = 0.5 was 

measured as a light-emitting durability time. 

(6) Flexibility resistance: 

The electroluminescence light-emitting element was 

wound around a column, while the light was emitted from 

the element, and a light-emitting state was observed. If 

the light-emitting state was not abnormal, the radius of 

the column was gradually reduced and the observation was 

repeated. The minimum radius which permitted the 

acquisition of the uniform light-emitting state was 

rf'.lgarded as a flexibility resistance radius (mm). 

The results are shown in Table s. 
Table 5 

Light 
Oxygen -Emitting Flexibility 

Partial · Durability Resistance 
Pressure Middle Time Radius 

(mPa) Layer (hr) (mm) 

Comp. Ex. 2 2.7 Absent 120 10 

Example 2 13.3 Absent 350 10 

Example 13 13.3 Present 320 6 

Example 3 26.6 Absent 400 10 

Furthermore, the light was emitted from the 

electroluminescence light-emitting element by the use of 

a sine-w~ve power source (a DC component-containing power 
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source) having a voltage of 200 V (a peak value) and a 

frequency of 400 Hz and containing a DC component in 

which the back surface electrode was used as a positive 

pole and the transparent conductive layer was used as a 

negative pole. The results are shown 1n Table 6. 

Table 6 

Light-Emitting 
Oxygen Partial Durability 

Pressure Time 
(mPa) Target (hr) 

Comp. Ex. 2 2.7 Oxides 19 

Example 2 13.3 Oxides 221 

Example 3 26.6 Oxides 271 

Comp. Ex. 3 106 Alloy 13 

Example 5 1.22 Alloy 211 

Example 6 128 Alloy 253 

As described above, a transparent conductive 

laminate according to the present invention is excellent 

in moist heat resistance and scuff resistance, and when 

this laminate is used as a transparent electrode, the 

deterioration of a light-emitting luminance of a liqht­

emitting element by continuous light emission can be 

remarkably controlled, so that the electroluminescence 

light-emitting element having an excellent light-emitting 

durability can be provided. 
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WHAT IS CLAIMED IS: 

1. A transparent conductive laminate in which an 

amorphous transparent conductive layer mainly comprising 

indium, tin and oxygen is formed on one main surf ace of a 

transparent substrate, 

said transparent conductive layer maintaining the 

amorphous state when subjected to a heat treatment. 

2. The transparent conductive ~aminate according to 

Claim· 1 wherein the resistivity of said transparent 

conductive layer is in excess of lxlo-2 O·cm, and when 

the transparent conductive layer is subjected to the heat 

treatment, its resistivity becomes 1x10-2·n:cm or less, 

while its ·amorphous state is maintained. 

3. The transparent conduct~ve laminate according to 

Claim 2 wherein said transparent conductive layer has an 

electron mobility of 20 cm2/(V·sec) or more, and said 

transparent conductive layer maintains the amorphous 

state and an electron mobility of 20 cm2/(V·sec) or more, 

when subjected to the heat treatment. • · 

4. The transparent conductive laminate according to 

Claim 3 wherein said transparent conductive layer 

increases its electron density when subjected to the heat 

treatment. 
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s. The transparent conductive laminate according to 

Claim 2 wherein sai_d transparent conductive layer is 

formed by a sputtering proc•ss under a high oxygen 

concentration atmosphere. 

6. The transparent conductive laminate according to 

Claim 4 wherein said transparent conductive layer is 

formed by a sputtering process under a high oxygen 

concentration atmosphere. 

7 • · The transparent conductive laminate according to 

Claim 5 wherein said transparent substrate is a 

transparent molded article of a polymer. 

8. The transparent conductive laminate according to 

Claim 6 wherein said transparent. substra~e is a 

transparent molded article of a polymer. 

9. The transparent conductive laminate according to 

Claim 7 wherein a metal thin layer is formed between said 

transparent substrate and said transparent conductive 

layer. 

10. The transparent conductive laminate according 

to Claim 8 wherein a metal thin layer is formed between 
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said transparent substrate and said transparent 

conductive layer. 

11. A transparent conductive laminate which is 

obtainable by subjecting the tran~parent conductive 

laminate described in Claim·2 to a heat treatment and 

which has a transparent conductive layer having an 

amorphous state and a resistivity of lxlo-2 O·cm or 

less. 

12. A transparent conductive laminate which is 

obtainable by subjecting the transparent conductive 

laminate described i·n Claim 3 to a heat treatment .and 

which has a transparent conductive layer ·having an 

amorphous state and an electron mobility of 20 

cm2/(V·sec) or more. 

13. A transparent conductive laminate which is 

obtainable by subjecting th~ transparent conductive 

laminate described in Claim 4 to a heat treatment and 

which has a transparent conductive layer having an 

amorphous state and a higher electron density as compared 

with the transparent conductive layer before the heat 

treatment. 

14. A transparent conductive laminate which is 
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obtainable by subjecting the transparent conductive 

laminate described in any one of Claims 5 to 10 to a heat 

treatment. 

15. The transparent conductive laminate ac~ording 

to any one of Claims 11 to 13 wherein said heat treatment 

is carried out in the range of 80 to 180 t in the air, 

in a nitrogen atmosphere or in vacuo. 

16. The transparent conductive laminate according 

to Claim 14 wherein said heat treatment is carried out in 

the range of 80 to 180 t in the air, in a nitrogen 

atmosphere or in vacuo. 

17 . An electrolliminescence light-emi t_ting element 

in which a light-emitting layer containing at least zinc 

sulfide and a back surf ace electrode are formed in turn 

on the conductive surface of a transparent conductive 

laminate, 

said transparent conductive laminate being the 

transparent conductive laminate described in Claim 15. 

18. An electroluminescence light-emitting element 

in which a light-emitting layer containing at least zinc 

sulfide and a back surface electrode are formed in turn 

. on the conductive surface of a transparent conductive 
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.laminate, 

said transparent conductive laminate being the 

transparent conductive laminate described in Claim 16. 

19. The electroluminescence light-emitting element 

according to Claim 17 which is driven by applying an AC 

on which a DC component is superposed. 

20. The electroluminescence light-emitting element 

according to Claim 18 which is driven by applying an AC . 

on which a DC component is superposed. 

21. A method for preparing the transparent 

conductive laminate described in Claim 2 which comprises 

the step of forming an amorphous transparent conductive 

layer mainly comprising indium, t.in and oxygen and having 

a resistivity of more than lxlo-2 O·cm on one main. 

surface of a transparent substrate by a sputtering 

process under a high oxygen concentration atmosphere. 

22. A method for preparing the transparent 

conductive laminate described in Claim 11 which comprises 

the step of forming an amorphous transparent conductive 

layer mainly comprising indium, tin and oxygen and having 

a resistivity of more than lxlo-2 O·cm on one ~ain 

surface of a transparent substrate by a sputtering 
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process under a high oxygen concentration atmosphere, and 

then carrying out a heat treatment. 

23. The transparent conductive laminate described 

in Claim 22 wherein said heat treatment is carried out in 

the range of 80 to 180 "C in the air, in a nitrogen 

atmosphere or in vacuo. 


