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METHOD FOR MANUFACTURING ORGANIC 
ELECTROLUMINESCENCE DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
manufacturing an organic electroluminescence (EL) display 
device having organic EL elements, and more particularly to 
a method for forming a loW-resistance conductive layer on 
one of electrodes of an organic EL element. 

[0003] 2. Description of the Prior Art 

[0004] An organic electroluminescence (EL) element uti 
liZes a phenomenon in Which holes injected from an anode 
and electrons injected from a cathode are recombined in a 
light-emission layer having a luminescence capability and 
light is emitted When they are deactivated from an excited 
state. These studies are improving the efficiency of light 
emission by making a light-emission layer be of a multilayer 
structure and started from paying attention to a high lumi 
nescence quantum ef?ciency and a molecular structure 
capable of being variously designed of organic compounds, 
but have only provided too loW brightness and ef?ciency of 
light emission to put their organic EL elements to practical 
use. 

[0005] After that, hoWever, Tang and others found that the 
performance Was remarkably improved by adopting a lay 
ered structure combined With a material having an eXcellent 
capability for transporting holes (hereinafter referred to as a 
hole transport layer) instead of a conventional structure 
having only a light-emission layer interposed betWeen elec 
trodes (Applied Physics Letter, Vol.51, pp.913, 1987). 
[0006] Taking this opportunity, the studies have been 
concentrated in techniques based on fully separating func 
tions into a layer having a role of injecting holes (a hole 
injection layer) and a layer having a role of transporting 
electrons (an electron transport layer) and the like, and the 
techniques are spurred to be put to practical use as display 
devices in conjunction With organic materials more 
improved in performance. In recent years, materials provid 
ing emission of the three primary colors, namely, red, green 
and blue required for a full color display device in high 
brightness and in high ef?ciency can be obtained and carrier 
transport materials suitable for the respective materials are 
being selected. 

[0007] A method for driving an organic EL element 
capable of being used for a unit or piXel of a display device 
of various kinds of industrial equipment can folloW a liquid 
crystal driving method. That is to say, a passive (matrix) 
driving method depending on the multipleX performance of 
elements, an active matriX driving method to arrange and 
attach a sWitching element for each piXel, and the like can 
be mentioned. 

[0008] HoWever, since an organic EL element has a prop 
erty Which emits light by passing carriers, namely, ?oWing 
current inside it, its electric characteristics are particularly 
more important in comparison With a liquid crystal display 
device. The reason is described in the folloWing. 

[0009] FIG. 1 shoWs a process of luminescence of a 
general organic EL element. In FIG. 1, an anode 1, a hole 
injection layer 22, a hole transport layer 21, a light-emission 
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layer 20 and an electron transport layer 23 are stacked in 
order, and holes and electrons injected by an intense electric 
?eld from the anode and cathode must hop over several 
organic functional layers having some potentials before they 
are recombined. 

[0010] It is desirable that each organic layer has a band 
structure partitioned by ideal potentials as shoWn in FIG. 1, 
but since actually each organic layer includes a ?lm being 
liable to crystalliZe or put its structure out of order due to 
change in temperature, a current leak path is generated and 
a leak current is taken out to the outside as an abnormal 
current in the element. 

[0011] And from the same reason, an abnormal current is 
generated also When the element is driven by an inverse bias. 
This means that so long as an electric ?eld is applied to an 
element, a leak current is generated regardless of Whether or 
not the element emits light, and this becomes a cause to 
remarkably degrade the quality of the element as a display 
device. 

[0012] As a method for suppressing such an abnormal 
current, Japanese Patent Laid-Open Publication No. Hei 
9-102,395 discloses a method of using aluminum as a 
material for a cathode. HoWever, this method has an insuf 
?cient effect on suppression of an abnormal current. And 
Japanese Patent Laid-Open Publication No. Hei 9-245,965 
discloses a technique related to an anode characteriZed in 
that its surface roughness is a maXimum of 5 nm or less, but 
this technique reveals a problem of a high cost required for 
polishing the surface of an anode and a problem of repro 
ducibility. 

SUMMARY OF THE INVENTION 

[0013] As a result of diligent studies in consideration of 
the above-mentioned problems, an object of the present 
invention is to ?nd and provide a method for manufacturing 
an organic EL display device to generate neither abnormal 
current nor short circuit in an organic EL element of it When 
a voltage is applied to it. 

[0014] In order to attain the above object, the present 
invention provides a method for manufacturing an organic 
EL display device having an organic EL element having an 
organic layer Which is composed of at least one layer on a 
substrate and Which is interposed betWeen a ?rst electrode 
provided on said substrate side and a second electrode 
provided on the other side, said method being characteriZed 
by forming a metal layer or a metal oXide layer in a state 
Where the substrate is cooled in an area including at least the 
second electrode of the organic EL element on the second 
electrode. 

[0015] And in the above method for manufacturing an 
organic EL display device, as the structure of an organic EL 
element comprising a ?rst electrode, a second electrode and 
a loW-resistance conductive layer of a metal layer or a metal 
oXide layer, the folloWing structures (1) to (7) obtained by 
combining the respective layers can be conceived. 

[0016] The above organic EL element is characteriZed by 
one of the folloWing structures: 

[0017] (1) ?rst electrode/light-emission layer/second 
electrode/loW-resistance conductive layer; 
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[0018] (2) ?rst electrode/hole transport layer/light 
emission layer/second electrode/loW-resistance con 
ductive layer; 

[0019] (3) ?rst electrode/hole injection layer/light 
emission layer/second electrode/loW-resistance con 
ductive layer; 

[0020] (4) ?rst electrode/hole injection layer/hole 
transport layer/light-emission layer/second elec 
trode/loW-resistance conductive layer; 

[0021] (5) ?rst electrode/light-emission layer/elec 
tron transport layer/second electrode/loW-resistance 
conductive layer; 

[0022] (6) ?rst electrode/hole injection layer/light 
emission layer/electron transport layer/second elec 
trode/loW-resistance conductive layer; 

[0023] (7) ?rst electrode/hole injection layer/hole 
transport layer/light-emission layer/electron trans 
port layer/second electrode/loW-resistance conduc 
tive layer. 

[0024] The ?rst feature of the present invention described 
above is in that a process of manufacturing an organic EL 
display device includes a process of forming as a ?lm an 
organic EL element at a room temperature of 15 to 30° C. or 
at a temperature of 1 to 14° C. not higher than the room 
temperature and additionally a process of forming a loW 
resistance conductive layer on the surface including the 
second electrode of the organic EL element as keeping the 
substrate cooled to a loW temperature not higher than the 
freeZing point. It is desirable that the substrate is cooled to 
a temperature of 0 to —60° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a cross-sectional vieW of a schematic 
structure for explaining operation of an organic EL element 
according to a conventional example. 

[0026] FIG. 2A to FIG. 2E are schematic cross-sectional 
vieWs for explaining a process of forming an organic EL 
element according to the present invention. 

[0027] FIG. 3A and 3B are schematic ?gures for explain 
ing a state of formation and an effect of action of a 
loW-resistance conductive layer of the present invention. 

[0028] FIG. 4 is a schematic diagram of the structure of an 
apparatus for forming a loW-resistance conductive layer, 
said apparatus being used in the present invention. 

[0029] FIG. 5 is a schematic cross-sectional vieW shoWing 
another layered structure of an organic EL element accord 
ing to the present invention. 

[0030] FIG. 6A to FIG. 6F are further other layered 
structures of organic EL elements according to the present 
invention. 

[0031] FIG. 7 is a characteristic diagram for comparing in 
leak current an embodiment of the present invention and a 
comparative example With each other. 

[0032] FIG. 8 is a schematic cross-sectional vieW of the 
structure of an example in Which an organic EL element of 
the present invention is formed on a TFT substrate. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0033] A basic manufacturing process according to the 
present invention is described With reference to FIG. 2 in the 
folloWing. 
[0034] As shoWn in FIG. 2A, a transparent electrode ?lm 
10 of ITO or the like as an anode is formed on a transparent 
substrate 101 of a glass plate or the like, and is cleaned by 
means of an ultraviolet rays and oZone cleaning process or 
the like. 

[0035] Next, a substrate having a transparent electrode is 
prepared by etching the transparent electrode ?lm 10 so as 
to become a speci?ed pattern. 

[0036] Next, as shoWn in FIG. 2B, 21 hole transport layer 
21 to be formed out of ot-NPD (N,N‘-diphenyl-N,N‘-bis(1 
naphthyl)-(1,1‘-biphenyl)-4,4‘-diamine) and the like is 
formed on the transparent electrode ?lm 10 by means of a 
vacuum evaporation process. 

[0037] FolloWing this, as shoWn in FIG. 2C, a light 
emission layer 20 to be formed out of Alq3 (tris (8-quino 
linoleate) aluminum complex) and the like is formed on the 
hole transport layer 21. It is desirable that these organic 
layers 20 and 21 are all formed at a room temperature of 
about 30° C. 

[0038] Next, as shoWn in FIG. 2D, a cathode ?lm 30 of an 
aluminum-lithium alloy or the like to be the cathode of an 
organic EL element is formed on the light-emission layer 20 
by means of a vacuum evaporation process. 

[0039] A manufacturing process itself up to here is sub 
stantially the same as a conventional organic EL element 
manufacturing process. 

[0040] Next, as shoWn in FIG. 2E, 21 loW-resistance con 
ductive layer 40 of aluminum or the like is formed on the 
cathode ?lm 30, and the present invention is characteriZed in 
that a process of forming it is performed While cooling the 
substrate. 

[0041] A method of cooling a substrate on Which an 
organic EL element is formed is described later With refer 
ence to FIG. 4, but brie?y speaking, a loW-resistance 
conductive layer 40 is evaporated on a cathode layer 30 in 
a state in Which a substrate 101 is cooled by bringing the 
reverse side of the substrate 101 into contact With a substrate 
cooling means 300 such as a coolant reservoir or the like in 
a vacuum chamber. 

[0042] As capabilities required for the loW-resistance con 
ductive layer, there are to further reduce an insuf?cient 
resistance of the second electrode 30 and to prevent moisture 
in the air from entering an organic layer. As materials 
adapted to these requirements, it is possible to mention 
aluminum, copper, silver and the like. In this case the same 
material as a material for the second electrode may be used. 
HoWever, it is desirable that a substrate is at a room 
temperature of 15 to 30° C. When a second electrode 30 is 
formed, and it is desirable that a substrate is in a state in 
Which it is cooled to a temperature not higher than the 
freeZing point When a loW-resistance conductive layer 40 is 
formed. The reason is described in the folloWing. 

[0043] The Work function of the interface betWeen an 
organic layer and a second electrode 30 (the interface 
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between an electron transport layer 23 and a second elec 
trode layer 30 in this case) determines the height of an 
electron injection barrier of an organic EL element and 
governs the performance of the element. In other Words, the 
electron injection barrier results in being liable to change 
due to variation of the Work function of a thin ?lm of the 
second electrode layer 30. It is knoWn that the Work function 
of a metal material is determined by hoW the metal is 
deposited on a substrate Ishida and others, Phis. Rev. 
B36, 4510 (1987)), and a metal ?lm changes its structure 
depending on the temperature of its substrate. Therefore, a 
second electrode 30 of the present invention can provide a 
conventional Work function by forming the second electrode 
layer in a state in Which the substrate is kept at a room 
temperature. 

[0044] On the other hand, since a loW-resistance conduc 
tive layer 40 is not in contact With an electron transport layer 
23 and needs to reduce its resistance, namely, increase the 
thickness of the conductive layer of metal or the like, even 
if the substrate is cooled the performance of the organic EL 
element itself is not deteriorated. 

[0045] Next, the reason Why a substrate is cooled When a 
metal ?lm is formed as a loW-resistance conductive layer 40 
in the present invention is described (see FIG. 3). 

[0046] In case that an organic thin ?lm 202 is formed on 
a supporting substrate 201 at a room temperature of 30° C. 
(FIG. 3A), the organic thin ?lm 202 has some ruggedness on 
the surface of it but does not have such a pin hole that it 
penetrates the thin ?lm itself formed on it. HoWever, in case 
that high-energy particles such as conductive particles 203 
and the like come ?ying neWly onto this thin ?lm to deposit 
on the organic thin ?lm 202 (see FIG. 3B), a part of the 
cohesive energy of metal (ordinarily, heat energy 204) is 
given to the organic thin ?lm 202 to be the ground. This 
energy is changed into crystalliZation 205 of the organic thin 
?lm 202 to put the structure of the thin ?lm out of order, and 
may result in generating a through hole in the organic thin 
?lm 202. Hereupon, if the supporting substrate is a conduc 
tive substrate (for example, an ITO substrate or the like), a 
short circuit results in occurring betWeen this substrate and 
the metal thin ?lm. Such a phenomenon occurs more 
remarkably With the increase of the number of metal par 
ticles, concretely, the ?lm formation rate or the ?lm thick 
ness. 

[0047] Thereupon, it is effective to suppress crystalliZation 
of the organic thin ?lm 202 and suppress occurrence of 
pinholes by cooling the substrate When forming the loW 
resistance metal layer 40 by means of a technique of the 
present invention. Further, from another reason, in case of 
forming an organic EL element on a TFT (thin ?lm transis 
tor), if an impurity is mixed into the drain electrode or the 
source electrode of the thin ?lm transistor, the TFT element 
may be erroneously operated or short-circuited. In case of 
forming a metal ?lm, a metal oxide ?lm or the like on a drain 
electrode or a source electrode, ions inside the metal or 
metal oxide are thermally diffused due to a temperature rise 
When the ?lm is formed, and a failure as described above 
may occur. In order to suppress this, it is effective to cool the 
substrate. On the other hand, there is a method of cooling a 
substrate When forming an organic layer (Japanese Patent 
Laid-Open Publication No. Hei 4-12,919), but this case is 
not preferable since it brings a bad effect that the carrier 
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mobility of the organic layer is remarkably degraded and the 
luminescence characteristic of an EL element is deteriorated. 

[0048] Next, a method of cooling a substrate on Which an 
organic EL element is formed is described With reference to 
FIG. 4. In a vacuum chamber 301, the organic EL element 
side is covered With a shadoW mask 303 arranged close to a 
substrate 101 having an organic EL element formed on it, 
and a loW-resistance material is evaporated from an evapo 
ration source 311 of the loW-resistance material on the 
bottom. The substrate 101 is cooled from the reverse side of 
it by a coolant reservoir 304. In the coolant reservoir 304, a 
coolant is circulated through a coolant tube as shoWn by the 
How 309 of the coolant from a circulator 308 provided With 
a temperature controller 307. And as shoWn by the How 306 
of a gas from a mass ?oW controller 305, the substrate 101 
is cooled by ?oWing a given gas betWeen the substrate 101 
and the coolant reservoir 304. 

[0049] This substrate cooling method is performed by 
installing a coolant reservoir 304 for storing a coolant in it 
inside a vacuum chamber 301 provided With at least one 
evaporation source 311. The evaporation source 311 may be 
of a resistance heating type, and may be adapted to various 
?lm forming types such as sputtering, ion plating, CVD and 
the like. This coolant reservoir 304 is connected to a 
circulator 308 for circulating a coolant and a temperature 
controller 307 for keeping the coolant at a ?xed temperature. 
A substrate 101 is placed so as to be in contact With this 
coolant reservoir 304 and the coolant reservoir 304 is cooled 
by means of the temperature controller 307 until the tem 
perature of the coolant reservoir 304 reaches a speci?ed 
temperature. 

[0050] At this time, in case that a substrate 101 is high in 
thermal conductivity like a Si Wafer, it is more effective to 
the substrate cooling to interpose a sheet being high in 
thermal conductivity (for example, an indium sheet, a cop 
per sheet, an aluminum sheet or the like) in order to improve 
the contact betWeen the substrate 101 and the coolant 
reservoir 304. And in case that a substrate 101 is loW in 
thermal conductivity like a glass substrate, the cooling effect 
can be improved by making a gap of several microns to 
several hundred microns betWeen the substrate 101 and the 
coolant reservoir 304, and ?oWing a gas (inert gas, nitrogen 
or the like) betWeen the substrate 101 and the coolant 
reservoir 304. It is desirable that such a gas is introduced into 
the vacuum chamber 301 through such a device capable of 
controlling the How rate of a gas as a mass ?oW controller 
or the like provided outside the chamber 301. It is preferable 
that for the How rate of a gas, the pressure inside the vacuum 
chamber 301 is set at a pressure of 2><10-2 Pa or less in 
consideration of the average free path of evaporated par 
ticles at the time of forming a ?lm. 

[0051] According to such a technique, it is enough to heat 
the evaporation source 311 at a stage in Which the substrate 
101 has been cooled and evaporate a loW-resistance material 
on the surface electrode of an organic EL element formed on 
the substrate 101, but When the evaporation source 311 and 
the substrate 101 are too close to each other, the substrate 
101 is liable to rise in temperature due to heat radiation from 
the evaporation source 311 and therefore it is desirable that 
they have an interval of at least 100 mm or more betWeen 

them. And a conveyance mechanism (not illustrated) 
capable of moving a substrate 101 to another vacuum 
chamber or the like may be provided. 
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[0052] Aprocess of cooling a substrate 101 can be realized 
by the method described above, and another cooling method 
utilizing Peltier effect or the like is also effective. 

[0053] According to such a manufacturing method, an 
organic EL element having a layered structure of the ?rst 
electrode 10 (anode)/hole transport layer 21/light-emission 
layer 20/second electrode 20 (cathode)/loW-resistance con 
ductive layer 40 can be obtained. 

[0054] As a method of cooling a substrate, a cooling 
method utiliZing Peltier effect or the like is also effective. 

[0055] Although the thickness of a loW-resistance conduc 
tive layer 40 is optional, in case that the temperature of a 
substrate rises by 20° C. or more due to heat radiation from 
the evaporation source 311, since the surface itself of the 
substrate rises in temperature higher than that temperature, 
it is more preferable to once close a shutter for forming a 
?lm or turn poWer off and Wait until the substrate tempera 
ture comes again to fall in a speci?ed temperature range. The 
cooling temperature is preferably not higher than the freeZ 
ing temperature and particularly preferably in a range of 0 to 
—150° C. When it is not higher than -70° C., migration at the 
time of forming a loW-resistance metal layer 407 is sup 
pressed and its ?lm structure is changed and its metallic 
gloss may be lost, and therefore the cooling temperature is 
more preferably in a range of 0 to —60° C. 

[0056] Although in an organic EL element described 
above a cathode 30 has been formed directly on a light 
emission layer 20, as shoWn in FIG. 5 an electron transport 
layer 23 of tris (8-quinolinoleate) aluminum complex or the 
like is formed on the light-emission layer 20, and a cathode 
layer 30 of an aluminum-lithium alloy or the like and a 
loW-resistance conductive layer 40 of aluminum or the like 
are formed thereon, and thereby an organic EL element 
having a layered structure of the ?rst electrode 10 (anode)/ 
hole transport layer 21/light-emission layer 20/electron 
transport layer 23/second electrode (cathode) 30/loW-resis 
tance conductive layer 40 can be obtained. 

[0057] Although the thickness of a loW-resistance conduc 
tive layer 40 is optional, in case that the temperature of a 
substrate rises by 20° C. or more due to heat radiation from 
the evaporation source 311, since the surface itself of the 
substrate rises in temperature higher than that temperature, 
it is more preferable to once close a shutter for forming a 
?lm or turn poWer off and Wait until the substrate tempera 
ture comes again to fall in a speci?ed temperature range. 

[0058] The cooling temperature is preferably not higher 
than the freeZing temperature and particularly preferably in 
a range of 0 to —150° C. When it is not higher than —70° C., 
migration at the time of forming a loW-resistance metal layer 
407 is suppressed and its ?lm structure is changed and its 
metallic gloss may be lost, and therefore the cooling tem 
perature is more preferably in a range of 0 to —60° C. 

[0059] And in the present invention, in case of forming the 
layered structure of an organic EL element by stacking 
layers in the inverse order, it is necessary to deposit a metal 
oXide such as indium-tin oXide (ITO), indium-Zinc oXide 
(IXO) or the like as a transparent conductive layer on an 
organic layer. In this case, a measure of a mesh electrode or 
the like is preferably taken for ITO having a great radiation 
heat, but it is more preferable to use a technique or material 
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for forming a ?lm of a speci?ed resistance value and 
transmissivity at a room temperature. 

[0060] As the structure of an organic EL element accord 
ing to the present invention, layered structures as shoWn in 
FIG. 6A to 6F can be conceived in addition to the above 
mentioned layered structures. 

[0061] (1) First electrode 10/light-emission layer 
20/second electrode 30 (cathode)/loW-resistance 
conductive layer 40 (FIG. 6A); 

[0062] (2) First electrode 10 (anode)/hole injection 
layer 22/light-emission layer 20/second electrode 
30/loW-resistance conductive layer 40; 

[0063] (3) First electrode 10 (anode)/hole injection 
layer 22/hole transport layer 21/light-emission layer 
20/second electrode 30 (cathode)/loW-resistance 
conductive layer 40; 

[0064] (4) First electrode 10 (anode)/light-emission 
layer 20/electron transport layer 23/second electrode 
30 (cathode)/loW-resistance conductive layer 40; 

[0065] (5) First electrode 10 (anode)/hole injection 
layer 22/light-emission layer 20/electron transport 
layer 23/second electrode 30 (cathode)/loW-resis 
tance conductive layer 40; 

[0066] (6) First electrode 10 (anode)/hole injection 
layer 22/hole transport layer 21/light-emission layer 
20/electron transport layer 23/second electrode 30 
(cathode)/loW-resistance conductive layer 40. 

[0067] And in these various layered structures of organic 
EL elements, each layer may be a miXed layer composed of 
tWo or more kinds of materials and another functional layer 
may be interposed betWeen the respective organic layers. 
Further, the order of stacked layers may be inverted, and an 
organic EL element may be composed so as to be controlled 
by a sWitching element such as a TFT (thin ?lm transistor) 
or the like. 

[0068] Light emission can be obtained from a light-emis 
sion layer by applying a voltage to an organic EL element 
described above. And a full-color organic EL display device 
can be formed by forming a character and an image through 
forming piXels and sWitching elements in the shape of a 
matriX, and separating organic EL elements into each piXel 
of, for eXample, red (R), green (G) and blue (B) and applying 
an image signal to the respective piXels. 

[0069] A material for a hole transport layer 21 used in an 
organic EL element according to the present invention is not 
limited in particular, and an ordinary compound or neW 
compound to be used as a conventional hole transport 
material can be also used. 

[0070] As such a hole transport material, there can be 
mentioned, for eXample, an aromatic diamine compound in 
Which 3-class aromatic amine units such as 1,1-bis(4-ditolyl 
aminophenyl) cycloheXane and the like are linked (Japanese 
Patent Laid-Open Publication No. Sho 59-194,393); aro 
matic amine Which contains tWo or more 3-class amines, has 
nitrogen atoms substituted for tWo or more fused aromatic 
rings and is represented by 4,4‘-bis(N-(1-naphthyl)-N-phe 
nylamino) biphenyl (Japanese Patent Laid-Open Publication 
No. Hei 5-234,681); aromatic triamine being a derivative of 
triphenyl benZene and having a star-burst structure (US. Pat. 
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No. 4,923,774); aromatic diamine such as N,N‘-diphenyl-N 
or N‘-bis(3-methylphenyl) biphenyl-4 or 4‘-diamine or the 
like (US. Pat. No. 4,764,625); 0t, 0t, 0t‘, oU-tetramethyl-ot, 
oU-bis(4-di-p-tolylaminophenyl)-p-xylene (Japanese Patent 
Laid-Open Publication No. Hei 3-269,084); triphenylamine 
derivative being three-dimensionally asymmetric on the 
Whole molecule (Japanese Patent Laid-Open Publication 
No. Hei 4-129,271); a compound having pyrenyl groups 
substituted for plural aromatic diamine groups (Japanese 
Patent Laid-Open Publication No. Hei 4-175,395); aromatic 
diamine having 3-class aromatic amine units linked by 
ethylene groups (Japanese Patent Laid-Open Publication 
No. Hei 4-264,189); a compound having 3-class aromatic 
amine units linked by thiophene groups (Japanese Patent 
Laid-Open Publication No. Hei 4-308,688); a benZylphenyl 
compound (Japanese Patent Laid-Open Publication No. Hei 
4-364,153); a compound having 3-class amine units linked 
by ?uorene groups (Japanese Patent Laid-Open Publication 
No. Hei 5-25,473); a triamine compound (Japanese Patent 
Laid-Open Publication No. Hei 5-239,455); bisdipyridyl 
aminobiphenyl (Japanese Patent Laid-Open Publication No. 
Hei 5-320,634); N,N,N-triphenylamine derivative (Japanese 
Patent Laid-Open Publication No. Hei 6-1,972); aromatic 
diamine having a phenoxadine structure (Japanese Patent 
Laid-Open Publication No. Hei 7-138,562); diaminophenyl 
phenantolidine derivative (Japanese Patent Laid-Open Pub 
lication No. Hei 7-252,474); a hydraZone compound (J apa 
nese Patent Laid-Open Publication No. Hei 2-311,591); a 
silaZane compound (US. Pat. No. 4,950,950); silanamine 
derivative (Japanese Patent Laid-Open Publication No. Hei 
6-49,079); phosphamine derivative (Japanese Patent Laid 
Open Publication No. Hei 6-25,659); a quinacridon com 
pound; and the like. 

[0071] The patent publications and the like contained in 
parentheses ( ) folloWing the names of materials for a hole 
transport layer are the patent publication numbers introduc 
ing these material names. This is also the same as the 
folloWing. 
[0072] And these compounds may be used independently 
and may be used being mixed With one another according to 
need. 

[0073] Further, additionally to the above-mentioned mate 
rials, as materials for a hole transport layer, there can be 
mentioned polyvinyl carbaZole or polysilane (Appl. Phys. 
Lett., Vol. 59, pp. 2760, 1991); polyphosphoZene (Japanese 
Patent Laid-open Publication No. Hei 5-310,949); polya 
mide (Japanese Patent Laid-Open Publication No. Hei 
5-310,949); polyvinyl triphenyl amine (Japanese Patent 
Laid-Open Publication No. Hei 7-53,953); polymer having 
a triphenyl amine skeleton (Japanese Patent Laid-Open 
Publication No. Hei 4-133,065); polymer having triphenyl 
amine units linked by methylene groups and the like; and 
polymer such as polymethacrylate and the like containing 
aromatic amine. 

[0074] As materials for a hole injection layer, copper 
phthalocyanine and the like can be mentioned. 

[0075] And as materials for a light-emission layer 20, 
there can be mentioned anthracene, pyrene, Tris(8-quinoli 
noleate) aluminum complex and its derivative knoWn as 
luminescent materials from the past, and in addition to them, 
bis-stylylanthracene derivative, tetraphenyl butadiene 
derivative, coumarin derivative, oxadiaZole derivative, 
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distylyl benZene derivative, pyrrolopyridine derivative, 
perinone derivative, cyclopentadiene derivative, oxaZole 
derivative, thiadiaZolopyridine derivative, perinon deriva 
tive, and polymer such as polyphenylene vinylene deriva 
tive, polyparaphenylene derivative, polythiophene deriva 
tive and the like. 

[0076] And for the purpose of improving the ef?ciency of 
light emission or making longer the life of light emission, a 
light-emission layer may have a very small amount of 
impurity intentionally mixed in it, and concretely the impu 
rity is selected from rublene, quinacridon derivative, phe 
noxaZone 660, dicyanomethylene stylyl pyrane, perinon, 
perirene, coumarin derivative, dimethyl aminopyradine car 
bonitrile, pyradine dicarbonitrile derivative, Nile Red, 
rhodamine derivative and the like. 

[0077] The performance required for material used for an 
electron transport layer 23 is to efficiently transport electrons 
injected from a cathode. For this purpose, the material 
should be high in electron mobility and electron af?nity, and 
excellent in ?lm forming ability. 

[0078] As materials to meet such a condition, there can be 
mentioned oxine complex such as tris(8-quinolinoleate) 
aluminum complex and the like, periren derivative, perinon 
derivative, naphthalene derivative, coumarin derivative, 
oxadiaZole derivative, phenanthroline derivative and the 
like. 

[0079] Formation of a thin ?lm of these organic materials 
described above is performed mainly by a vacuum evapo 
ration method, but can be also performed by an electron 
beam evaporation method, a sputtering method, a molecule 
stacking method and a coating method using a solvent. In 
case of such a coating method, an organic material can be 
coated by being dissolved or dispersed in a solvent together 
With polyvinyl chloride, polycarbonate, polystyrene, 
poly(N-vinyl carbaZole), polymethyl methacrylate, polybu 
tyl methacrylate, open-ring polymer of norbornene deriva 
tive, polyester, polysulfone, polyphenylene oxide, polybuta 
diene, hydrocarbon resin, ketone resin, phenoxy resin, 
polyamide, ethyl cellulose, ABS resin, phenol resin, silicone 
resin, epoxy resin and the like. 

[0080] And in the present invention, as shoWn in FIG. 5, 
a ?rst electrode 10 needs to be transparent in case of taking 
out light from the supporting substrate 101 side. It is formed 
out of a conductive metal oxide such as tin oxide, indium 
oxide, indium-tin oxide (ITO), indium-Zinc oxide (IXO) or 
the like. Or such metal as gold, silver, chromium, aluminum 
or the like may be stacked and formed as a bus electrode on 
a part of ITO into a layered structure; or a conductive 
inorganic material such as copper iodide, copper sul?de or 
the like, or polythiophene, polypyrrole, polyaniline, 
polyphenylene vinylene, polyphenylene or polyethylene, or 
these conductive polymer processed by doping may be used 
as a bus electrode and formed With ITO into a layered 
structure. Preferably, ITO glass, Nesa glass or IXO glass is 
used. 

[0081] Since the resistance of an anode is enough if it can 
supply a suf?cient current for light emission of an element, 
it is not limited in particular, but from the vieWpoint of 
poWer consumption of the element it is desirable that the 
anode has a loW resistance. 

[0082] Next, since a second electrode 30 must make an 
electron transport layer ef?ciently transfer electrons to a 
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light-emission layer, the adhesion of the electrode to a 
material adjacent to it, the adjustment of ionizing potential 
and the like are needed. And in order to keep a stable 
performance for a long-term use, it is desirable to use a 
comparatively stable material in the air, but since a protec 
tive ?lm or a proper sealing means can be used, it is not 
limited to these. Concretely, it is possible to use metal such 
as indium, gold, silver, aluminum, lead, magnesium or the 
like, or a simple substance of rare-earth element, alkali 
metal, or an alloy of these, and the like. And even metal 
compounds of ?uoride or oxide of alkali metal can be used 
in case that their Work function is suitable for injection. 

Embodiments 

[0083] First Embodiment 

[0084] An embodiment according to the present invention 
is described With reference to FIG. 5 in the folloWing. In this 
embodiment, an ITO ?lm as a transparent electrode 10 Was 
formed so as to be 100 nm in thickness on a transparent glass 
substrate 101 by a sputtering method. Its sheet resistance at 
this time Was 10 (l)/|:|. Next, the ITO ?lm Was etched so as 
to form a speci?ed pattern and thereby a glass substrate With 
an ITO pattern Was prepared. This substrate Was cleaned 
With pure Water and IPA, and then Was cleaned by means of 
an ultraviolet (UV) and oZone cleaning process to suf? 
ciently clean the surface of it. 

[0085] Next, ot-NPD (N,N‘-diphenyl-N,N‘-bis(1-naph 
thyl)-(1,1‘-biphenyl)-4,4‘-diamine) of 100 mg in a boat of 
molybdenum as a material for a hole transport layer, and 
Alq3 (tris(8-quinolinoleate) aluminum complex) of 100 mg 
in a boat of molybdenum as a luminescent material Were 
separately prepared and Were set inside a vacuum evapora 
tion apparatus so that they are different evaporation sources. 
The substrate 101 Which Was previously prepared and had a 
transparent electrode formed on it Was set inside the same 
vacuum evaporation apparatus, and then the inside of the 
apparatus Was exhausted to a vacuum degree of 2x10“4 Pa, 
and at the point of time When the vacuum degree Was 
reached the boat containing ot-NPD started to be heated. 

[0086] The temperature Was controlled until the evapora 
tion rate of the ot-NPD reached a constant rate of 0.3 nm/sec, 
and then a shutter provided above the boat Was opened to 
start forming a ?lm, and at the point of time When a ?lm of 
50 nm in thickness Was formed, the shutter Was closed and 
the evaporation Was ended. 

[0087] In the same manner, a ?lm of Alq3 Was formed at 
a ?lm formation rate of 0.3 nm/sec to be 55 nm in thickness, 
and formation of the organic layer Was ended. The organic 
layer formation at this time Was alWays performed at a room 
temperature of about 30° C. Next, the substrate having this 
organic layer formed on the surface of it Was set again so that 
the reverse surface of it came into contact With a coolant 
reservoir in the vacuum chamber, the boats just noW used for 
forming the organic ?lm Were removed, instead of them an 
aluminum-lithium alloy of 1 g Was put in a tungsten boat and 
aluminum of 2 g Was put in another tungsten boat, and the 
inside of the vacuum chamber Was exhausted again. At the 
point of time When the chamber Was exhausted to 4x10“4 Pa, 
the boat containing the aluminum-lithium alloy Was heated 
under a condition in Which the substrate temperature is a 
room temperature, and the boat temperature Was controlled 
so that an evaporation rate of 0.4 nm/sec could be obtained. 
When a stable state Was obtained, a shutter provided above 
Was opened and When an aluminum-lithium alloy ?lm Was 
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formed to be 60 nm in thickness, the ?lm formation Was 
ended, and thereby an organic EL element having a structure 
of ITO/ot-NPD/Alq3/AlLi Was obtained. 

[0088] Next, in order to form a loW-resistance metal ?lm, 
inside the vacuum chamber 301, the temperature of the 
coolant reservoir Was set to the conditions shoWn in Table 1 
(corresponding to No. 3 to 10), and When a speci?ed 
temperature Was obtained, a nitrogen gas Was ?oWed from 
betWeen the substrate and the coolant reservoir. The How 
rate of the nitrogen gas at this time Was 0.5 SCCM. When 
the temperature of the substrate came into a suf?ciently 
stable state, the boat containing aluminum Was heated and its 
temperature Was controlled so that an evaporation rate of 0.7 
nm/sec Was obtained. When the evaporation rate became 
stable, a shutter provided above Was opened and When an 
aluminum ?lm Was formed to be 500 nm in thickness, the 
?lm formation Was ?nished. 

TABLE 1 

Occurrence Recti 
Substrate of short ?cation Speci?c 

No temperature circuit ratio resistance 

1 Comparative 60 Yes 1.1E3 2.9 
example 1 

2 Comparative 30 Yes 2.5E9 3.2 
example 3 

3 Embodiment 0 No 1.1E7 2.0 
4 1 —10 No 2.3E7 1.9 
5 —20 No 3.6E7 2.2 
6 —30 No 6.1E7 3.0 
7 —40 No 3.4E7 2.2 
8 —50 No 2.3E7 1.9 
9 —70 No 1.6E7 0.9 

10 —150 No 1.0E7 0.7 

[0089] This element Was taken out from the vacuum 
chamber 301 and the transparent electrode 10 of ITO Was 
connected to the positive pole of a poWer source and the 
loW-resistance conductive layer 40 of aluminum Was con 
nected to the negative pole of the poWer source. An applied 
voltage Was made to vary from 0 V to 20 V to check 
existence of a short circuit, but no short circuit Was found 
and emission of green light Was obtained. Next, taking the 
ITO as an anode and the aluminum as a cathode, a leak 
current of the organic EL element Was measured by means 
of a semiconductor parameter analyZer. As a result, the 
recti?cation ratio When applying a voltage of +15 V Was 
1><10 or more and no leak current occurred. 

[0090] Further, a result of measuring the speci?c resis 
tance of the aluminum being the loW-resistance electrode 
shoWed a loW-resistance value. The result is shoWn in Table 
1 (corresponding to No. 3 to 10), the result of measurement 
of an element Whose ?lm Was formed at a temperature of 
—40° C. is shoWn in FIG. 7. 

[0091] From FIG. 7, it is seen that the characteristic of 
currents to applied voltages is shoWn for an embodiment and 
a comparative example, even When an inverse bias voltage 
is applied the current value is stable and no leak current 
occurs. And as a result of observing the light-emission part 
of each of these elements, conspicuous dark spots Were not 
found at all. 

[0092] Description of a Manufacturing Process 

[0093] A manufacturing process according to an embodi 
ment of the present invention is described referring again to 
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FIG. 2. FIG. 2A shows a process of forming a thin ITO ?lm 
to 100 nm in thickness on a glass substrate 101 and cleaning 
it. 

[0094] As performances required for a transparent elec 
trode ITO 10 to be used in an organic EL element, there are 
a transmissivity of 80% or more and a sheet resistance of 50 
uu/EI or less. Such requirements are adopted for the purpose 
of making the ef?ciency of taking out light as high as 
possible and reducing the resistance of Wiring. In this case, 
an ITO ?lm of 100 nm in thickness meets these require 
ments. And a UV-oZone cleaning process is performed for 
the purpose of removing organic foreign matters remaining 
on an ITO substrate. 

[0095] Next, FIG. 2B and FIG. 2C respectively shoW 
processes of forming a hole transport layer 21 and a light 
emission layer 20 on the substrate prepared in the process of 
FIG. 2A. The evaporation rate is the thickness of a ?lm 
deposited on a substrate per unit time, and an organic matter 
(a hole transport layer 21 or a light-emission layer 20 in this 
case) is ordinarily formed into a ?lm at an evaporation rate 
of 0.3 to 5 nm/sec. The reason is that a too fast evaporation 
rate raises the temperature of an evaporation source and 
leads to decomposition of a material. And as the thickness of 
an organic ?lm a thickness of several nm to several hundred 
nm has been used from the past. The reason is that a too thin 
organic ?lm thickness is liable to generate pinholes, While a 
too thick ?lm thickness causes movement of carriers 
injected into the material to be delayed by impurities or 
raises the driving voltage. 

[0096] Next, a process shoWn in FIG. 2D shoWs a second 
electrode forming process for forming the cathode 30 of an 
organic EL element. The evaporation rate of a cathode 30 
can be selected from a range of about 0.3 to 5 nm/sec from 
the same reason as When forming an organic ?lm. And its 
?lm thickness needs to be thick enough to sufficiently meet 
the ?oWing current, but if it is too thick, a short circuit as 
described above may occur and therefore a thickness of 
about 40 to 100 nm is preferable. 

[0097] Aprocess up to here is the same as a conventional 
organic EL element manufacturing process. 

[0098] Next, a process shoWn in FIG. 2E is a process 
having a feature of the present invention for forming a 
loW-resistance metal layer as cooling a substrate. A method 
of cooling the substrate is as shoWn in FIG. 4. Although the 
thickness of a loW-resistance metal layer is optional, in case 
that the temperature of a substrate rises by 20° C. or more 
due to heat radiation from the evaporation source 311, since 
the surface itself of the substrate rises in temperature higher 
than that temperature, it is more preferable to once close a 
shutter for forming a ?lm or turn poWer off and Wait until the 
substrate temperature comes again to fall in a speci?ed 
temperature range. The cooling temperature is preferably 
not higher than the freeZing temperature and particularly 
preferably in a range of 0 to —150° C. When it is not higher 
than —70° C., migration at the time of forming a loW 
resistance metal layer 407 is suppressed and its ?lm struc 
ture is changed and its metallic gloss may be lost, and 
therefore the cooling temperature is more preferably in a 
range of 0 to —60° C. 

[0099] Second Embodiment 

[0100] Organic EL Element of an Inverse Layered Type 
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[0101] A second embodiment of the present invention is 
described in detail With reference to FIG. 5. An aluminum 
lithium alloy Was formed on a transparent glass substrate 
101 into a ?lm of 100 nm as a ?rst electrode 10 by means 

of a sputtering process. Next, the aluminum-lithium alloy 
Was etched so as to form a speci?ed pattern to prepare a glass 
substrate With an aluminum-lithium thin ?lm. This substrate 
Was cleaned by a UV-oZone cleaning process so that the 
surface of it Was cleaned suf?ciently. 

[0102] Next, as a material for a hole transport layer, Alq3 
(tris(8-quinolinoleate) aluminum complex) of 100 mg in a 
boat of molybdenum as a luminescent material, and ot-NPD 
(N,N‘-diphenyl-N,N‘-bis(1-naphthyl)-(1,1‘-biphenyl)-4,4‘ 
diamine) of 100 mg in a boat of molybdenum and addition 
ally copper phthalocyanine (CuPc) of 100 mg in a boat of 
molybdenum Were set inside a vacuum evaporation appa 
ratus so that they are, respectively, different evaporation 
sources. The substrate 101 Which Was previously prepared 
Was set inside the same vacuum evaporation apparatus, and 
then the inside of the apparatus Was exhausted to a vacuum 
degree of 2x10‘4 Pa, and at the point of time When the 
vacuum degree Was reached the boat containing Alq3 started 
to be heated. 

[0103] The temperature Was controlled until the evapora 
tion rate of Alq3 reached a constant rate of 0.3 nm/sec, and 
then a shutter provided above Was opened to start forming a 
?lm, and at the point of time When a ?lm of 50 nm in 
thickness Was formed, the shutter Was closed and the evapo 
ration Was ended. In the same manner, a ?lm of ot-NPD Was 
formed at an evaporation rate of 0.3 nm/sec to a thickness of 
50 nm, and further in the same manner, a ?lm of CuPc Was 
formed at an evaporation rate of 0.3 nm/sec to a thickness of 
30 nm, and the organic layer forming process Was ended. 
The organic layer formation at this time Was alWays per 
formed at a room temperature. Next, the substrate having 
this organic layer formed on it Was set again so as to come 
into contact With a coolant reservoir of a magnetron sput 
tering apparatus, and a backing plate having the IXO set on 
it Was set at a speci?ed position and the apparatus Was 
exhausted. At the point of time When the chamber Was 
exhausted to 4x10“4 Pa, an oxygen gas Was introduced into 
the sputtering apparatus so that the partial pressure of 
oxygen becomes 0.02 Pa, and a sputtering process Was 
started by turning on a poWer of 0.90 W/cm2. 

[0104] The temperature of the substrate at this time Was a 
room temperature of about 30° C. When the ?lm thickness 
became 40 nm, the ?lm formation Was ended, and thereby an 
organic EL element having an inverse layered structure of 
AlLi/Alq3/ot-NPD/CuPc/IXO Was obtained. 

[0105] Next, the above-mentioned organic EL element 
Was loaded inside the vacuum chamber 301 shoWn in FIG. 
4, and in order to form a loW-resistance conductive ?lm on 
the IXO ?lm, the temperature of the coolant reservoir Was 
set to —40° C., and When its temperature became a speci?ed 
temperature, a nitrogen gas Was ?oWed from betWeen the 
substrate and the coolant reservoir. The How rate of nitrogen 
at this time Was 0.5 SCCM. When the temperature of the 
substrate came into a suf?ciently stable state, an oxygen gas 
Was introduced so that the partial pressure of oxygen became 
0.01 Pa, sputtering IXO Was started according to the same 
technique as described above. When the evaporation rate 
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became stable, a shutter provided above Was opened and 
When an IXO ?lm Was formed to be 500 nm in thickness, the 
?lm formation Was ?nished. 

[0106] This element Was taken out from the vacuum 
chamber 301 and the IXO ?lm being a loW-resistance 
conductive layer 40 Was connected to the positive pole of a 
poWer source and the aluminum-lithium alloy layer 10 Was 
connected to the negative pole of the poWer source. An 
applied voltage Was made to vary from 0 V to 20 V to check 
existence of a short circuit, but no short circuit Was found 

and emission of green light Was obtained. Next, taking the 
IXO as an anode and the aluminum-lithium alloy layer as a 

cathode, a leak current of the organic EL element Was 
measured by means of a semiconductor parameter analyZer. 
As a result, the recti?cation ratio When applying a voltage of 
+15 V Was 4><106 or more and no leak current occurred. And 

as a result of observing occurrence of dark spots by means 
of an optical microscope, conspicuous dark spots Were not 
found at all. 

Comparative Example 1 

Forming a LoW-resistance Metal Layer at a Room 
Temperature 

[0107] Next, a comparative example to said embodiment 
1 is described. A loW-resistance metal layer Was formed in 
the vacuum chamber 301 described in FIG. 4, and an 
organic EL element Was formed in the same manner as 

embodiment 1 except that the loW-resistance metal layer 40 
Was formed at a room temperature of 30° C. Without using 
a coolant at that time. 

[0108] The ITO of this element Was connected to the 
positive pole of a poWer source and the aluminum Was 
connected to the negative pole of the poWer source. An 
applied voltage Was made to vary from 0 V to 20 V to check 
existence of a short circuit, and an element having a portion 
short-circuited and being unable to emit light Was found. 
Next, taking the ITO of an element being not short-circuited 
as an anode and the aluminum as a cathode, a leak current 

of the organic EL element Was measured by means of a 

semiconductor parameter analyZer. As a result, the recti? 
cation ratio When applying a voltage of +15 V Was 2.5><103 
and leak current occurred (FIG. 7). The result Was shoWn in 
Table 1 (corresponding to No. 2 comparative example 3 in 
Table 1). And as a result of observing the light-emission part 
of each of these elements by means of an optical micro 
scope, conspicuous dark spots Were not found at all. 

Comparative Example 2 

With No LoW-resistance Metal Layer 

[0109] Next, a comparative example 2 is described. An 
organic EL element Was formed in the same manner as 

embodiment 1 except that no loW-resistance metal layer Was 
formed. 

[0110] Taking the ITO of this element as an anode and the 
aluminum as a cathode, a leak current of the organic EL 
element Was measured by means of a semiconductor param 
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eter analyZer. As a result, the recti?cation ratio When apply 
ing a voltage of +415 V Was 1><107 or more and no leak 

current occurred. 

[0111] HoWever, as a result of observing the light-emis 
sion part of each of these elements by means of an optical 
microscope, the density of conspicuous dark spots Was 17 
spots/mm2, and their light-emission surfaces Were found to 
be uneven. 

[0112] And the speci?c resistance of an aluminum ?lm 
measured Was found to be 5 5x10“9 m, and it Was higher by 
about 1 ?gure than embodiment 1. 

Comparative Example 3 

Forming a LoW-resistance Metal Layer at 60° C. 

[0113] Next, comparative example 3 is described. An 
organic EL element Was formed in the same manner as 

embodiment 1 except that a loW-resistance metal layer Was 
formed at a substrate temperature of 60° C. 

[0114] The ITO of this element Was connected to the 
positive pole of a poWer source and the aluminum Was 
connected to the negative pole of the poWer source. An 
applied voltage Was made to vary from 0 V to 20 V to check 
existence of a short circuit, but an element having a portion 
short-circuited and being unable to emit light Was found. 
Next, taking the ITO of an element being not short-circuited 
as an anode and the aluminum as a cathode, a leak current 

of the organic EL element Was measured by means of a 

semiconductor parameter analyZer. As a result, the recti? 
cation ratio When applying a voltage of +15 V Was 1.1><103 
and a leak current occurred. The result Was shoWn in Table 

1 (corresponding to No. 1 comparative example 1 in Table 
1). And as a result of observing the light-emission part of 
each of these elements by means of an optical microscope, 
conspicuous dark spots Were not found at all. 

[0115] Third Embodiment 

[0116] Making an Organic EL Element on a TFT Substrate 

[0117] Next, a third embodiment of the present invention 
is described With reference to FIG. 8. 

[0118] An aluminum ?lm of 150 nm in thickness Was 
formed by a resistance heating evaporation process on a 
cleaned non-alkali glass (No. 1737 manufactured by Corn 
ing, Inc.) substrate 801, and then a gold (Au) ?lm of 10 nm 
in thickness Was deposited on the resulting substrate by 
means of the same technique. 

[0119] This Was patterned by photolithography and Wet 
etching for a gate electrode. On the gate electrode 81, a gate 
insulating ?lm 82 of silicon nitride Was formed to become 
200 nm in thickness by means of a plasma CVD method. 

Further, a p-Si ?lm 83 Was formed on it to be 60 nm in 

thickness, and then a SiO, ?lm Was patterned into a speci?ed 
shape. Using this SiO, ?lm as a mask, phosphorus Was 
ion-implanted to form a source domain 831 and a drain 

domain 832. 
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[0120] And a SiO2 ?lm Was deposited again, and then SiN 
Was evaporated to form an interlayer insulating ?lm 84. 

[0121] Next, the interlayer insulating ?lm Was etched so 
that the upper portions of the source and drain domains Were 
opened, and aluminum Was evaporated on the Whole surface 
including the opening, and then the aluminum eXcept the 
aluminum part being on the opening and near the Wiring part 
Was etched aWay and the source electrode and the drain 

electrode Were pattern-formed. Next, the Whole surface Was 
coated With a polyimide ?lm by a spin coating method, and 
thereafter the upper parts of the source electrode and the 
drain electrode Were opened. 

[0122] FolloWing this, after aluminum Was evaporated all 
over the surface, a source electrode Wiring portion 851 and 
a drain electrode Wiring portion 852 Were patterned and 
Were coated With a polyimide ?lm 86, and an opening to 
eXpose the source electrode Wiring portion Was provided. 
Further, openings Were provided in the areas Where no TFT 
element Was deposited, and an ITO ?lm 10 Was formed to be 

150 nm in thickness on these areas by means of a sputtering 

method. 

[0123] Furthermore, the source electrode of the TFT ele 
ment and this ITO ?lm Were connected by a metal ?lm of as 

aluminum or the like by means of an evaporation method 
and an etching method. An organic EL element Was depos 
ited on the TFT substrate made in such a Way at a substrate 

temperature being a room temperature in the same manner 
as the embodiment of a layered structure shoWn in FIG. 5, 
and an aluminum ?lm of 500 nm in thickness Was formed 

thereon at a substrate temperature of —40° C. as a loW 

resistance metal layer 40. When driving this organic EL 
element With TFT, it Was found that no short circuit occurred 
and no TFT erroneously operated. 

Comparative Example 4 

In Case of Forming a Low-resistance Metal Layer 
at a Room Temperature When Making an Organic 

EL Element on a TFT Substrate 

[0124] Next, comparative eXample 4 is described. An 
organic EL element With TFT Was formed in the same 
manner as the third embodiment eXcept that a loW-resistance 

metal layer Was formed at a room temperature When forming 
the loW-resistance metal layer after forming an organic EL 
element. When driving this organic EL element With TFT, it 
Was found that a short circuit occurred and a TFT errone 

ously operated. 

[0125] As described above, the ?rst advantage of the 
present invention is in that it is possible to suppress a short 
circuit and a leak current in an organic EL element and 
reduce the resistance of an area including the Wiring portion. 
As described above, FIG. 7 is a graph shoWing the ?rst 
advantage of the present invention. 

[0126] It is understood that like the embodiment of FIG. 
7 a leak current is suppressed even in case of applying an 

inverse bias voltage, by using a manufacturing method of the 
present invention. 
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[0127] And as the second advantage of the present inven 
tion, it is possible to suppress a leak current and simulta 
neously suppress occurrence of dark spots. The reason is that 
a loW-resistance conductive layer has an advantage of pre 
venting moisture from entering an organic EL element 
(sealing effect), and that there is not heating of an organic EL 
element to be a cause of occurrence of dark spots (cause of 

a structural change of an organic ?lm). 

[0128] And as the third advantage of the present invention, 
in case of forming an organic EL element utiliZing TFT or 
the like on the same substrate, it is possible to reduce 
abnormal operations of TFT due to diffusion of alkali metal 
being a material for the organic EL element. Alkali metal or 
the like has a great thermal diffusivity, and particularly is 
knocked on by heat during formation of a ?lm. The present 
invention can remove these disadvantages by suppressing 
such diffusion. 

What is claimed is: 
1. A method for manufacturing an organic EL element, 

comprising; 
a process of forming a ?rst electrode on a substrate, 

a process of forming a light-emission layer on said ?rst 
electrode, 

a process of a second electrode on said light-emission 
layer, 

a process of forming a conductive layer on said second 
electrode in a state in Which said substrate is cooled to 
a loWer temperature than the temperature When forming 
said second electrode. 

2. A method for manufacturing an organic EL element 
according to claim 1, Wherein; 

said substrate temperature at the time of cooling said 
substrate is set in a range of 0 to —60° C. 

3. A method for manufacturing an organic EL element 
according to claim 1, Wherein; 

said temperature When forming said second electrode is a 
room temperature of 15 to 30° C., and during formation 
of said conductive layer a material for said conductive 
layer is vacuum-evaporated on said second electrode as 
cooling said substrate to a temperature not higher than 
the freeZing point by jetting a coolant gas onto said 
substrate side. 

4. A method for manufacturing an organic EL element 
according to claim 1, Wherein; 

a process of forming a hole transport layer betWeen said 
?rst electrode and said light-emission layer is provided. 

5. A method for manufacturing an organic EL element 
according to claim 1, Wherein; 

a process of forming a hole injection layer betWeen said 
?rst electrode and said light-emission layer is provided. 

6. A method for manufacturing an organic EL element 
according to claim 5, Wherein; 

a process of forming a hole transport layer betWeen said 
hole injection layer and said light-emission layer is 
provided. 

7. A method for manufacturing an organic EL element 
according to claim 1, Wherein; 
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a process of forming an electron transport layer between a process of forming a hole transport layer betWeen said 
said light-emission layer and said second electrode is light-emission layer and Said hOle injection layer iS 
provided. provlded 

10. A method for manufacturing an organic EL element 
8. A method for manufacturing an organic EL element . . . _ according to claim 1, wherein, 

accordin to claim 7, Wherein; _ _ _ _ 
g a process of forming a thin ?lm transistor on said substrate 

a process of forming a hole injection layer betWeen said before forming Said ?rst electrode and a Process of 
light-emission layer and said ?rst electrode is provided. Connecting an electrode of Said thin ?lm transistor and 

9. A method for manufacturing an organic EL element Sald ?rst electrode to each other are provlded' 

according to claim 8, Wherein; * * * * * 


