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(57) ABSTRACT 

An organic EL display unit is manufactured in an efficient 
manner. A light emission device (1000) is manufactured by 
bonding together a driving circuit substrate (100) formed 
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with driving circuit constituted by thin film transistors 11, 
and a light emission Substrate (300) comprising a Succes 
Sively laminated transparent electrode layer 31, bank layer 
32 made from insulating material, positive hole injection 
layer 33, organic EL layer 34 and cathode layer 36. 
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LIGHT EMISSION DEVICE, METHOD OF 
MANUFACTURING SAME, ELECTRO-OPTICAL 

DEVICE AND ELECTRONIC DEVICE 

TECHNICAL FIELD 

0001. The present invention provides a light emission 
device having extremely high light use efficiency in a 
Structure for a light emission device, and a method for 
manufacturing Same, Suitable for an electroluminescence 
(hereinafter, abbreviated to “EL') display. 

BACKGROUND ART 

0002. A display unit using organic EL, and in particular, 
a display unit wherein organic EL layers are driven by 
circuits constituted by thin film transistors (TFT), is com 
monly known in the prior art. For example, the paper 
presented by Shimoda, et. al., (T. Shimoda, H. Ohshima, S. 
Miyashita, M. Kimura, T. Ozawa, I. Yudasaka, S. Kanbe, H. 
Kobayashi, R. H. Friend, J. H. Burroughes and C. R. Towns 
Proc. 18th Int. Display Research Conf., Asia Display 98, 
(1998) p.217), discloses a method wherein a driving circuit 
using a low-temperature polysilicon (poly-Si) thin-film tran 
sistor (TFT) is formed on a glass substrate for each picture 
element, whereupon a wiring forming Step, a transparent 
electrode forming Step, a bank layer forming Step, a positive 
hole injection layer forming Step, an organic EL layer 
forming Step, a cathode forming Step, and the like, are 
performed, thereby creating an organic EL display unit. 
0003 FIG. 16 and FIG. 17 show the composition of a 
display unit created according to commonly known tech 
nology of this kind. FIG. 17 is a plan view of the organic EL 
display unit created according to commonly known tech 
nology, and FIG. 16 is a sectional view along section B-B 
(curved section) in the plan diagram shown in FIG. 17. As 
shown in FIG. 16, a thin film transistor 2, wiring layer 3, 
transparent electrode 4, bank layer 5, positive hole injection 
layer 6, organic EL layer 7, and cathode 8 are deposited 
Successively on a glass Substrate 1. 
0004. Here, since the cathode 8 is formed by a metal 
which does not transmit light, the light from the organic EL 
layer 7 is extracted externally from the side of the glass 
substrate 1 on which the driving circuits are formed. In other 
words, the face on the Side of the driving circuits forms a 
front Surface with respect to the organic EL layer 7. In a 
display unit of this kind, Since the region where the driving 
circuits are formed does not transmit light, the aperture ratio 
declines. In other words, as shown in FIG. 17, it is necessary 
to form an organic EL layer 7 which avoids the region where 
the thin film transistor 2 and other wires (capacitor 2, wires 
3 and 9) are formed. If it is required to increase the 
performance or added value of the display unit by incorpo 
rating various circuitry, Such as memory circuits, or the like, 
into the picture element regions, or if it is attempted to 
achieve a finely detailed display unit, then Since the Surface 
area of the circuit region which does not transmit light 
becomes relatively large, the aforementioned decline in the 
aperture ratio becomes a marked problem. 
0005. In order to resolve this problem, it is necessary to 
use a structure wherein driving circuits, or the like, are not 
present on the Side from which the light is emitted, in other 
words, a structure which uses a transparent electrode mate 
rial for the cathode or which places the cathode on the 
driving circuit Side. 
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0006. However, there is a problem involved in using a 
transparent material for the cathode. This is due to the 
limitation whereby a material which is close to the work 
function of the organic EL material used in the organic EL 
layer must be Selected for the electrodes. For example, for 
the electrode material used in the anode, it is necessary to 
Select a material which is close to the work function of the 
HOMO level of the organic EL material, and for the elec 
trode material used in the cathode, it is necessary to Select 
a material which is close to the work function of the LUMO 
level of the organic EL material. However, at the present 
time, there is no Suitable transparent electrode material 
which is close to the LUMO level of the organic EL material. 
It has been proposed that the cathode film be formed 
extremely thinly, but thin electrode layers give rise to faults 
in terms of durability and current capacity, and are not 
desirable from the viewpoint of reliability. 
0007 On the other hand, in the case of a structure where 
the cathodes are provided on the driving circuit Side, until 
now, it has been necessary to form an organic EL layer after 
forming the cathodes, and then to form a positive hole 
injection layer thereon. In this case, Since it is necessary to 
from the organic EL layer before the positive hole injection 
layer, there is a risk of lack of uniformity in the thickness of 
the organic EL layer, and hence unevenneSS in the amount of 
light emitted may occur. Moreover, Since the material used 
for the cathode is a material that is liable to oxidization, Such 
as calcium, or the like, then the cathode must be formed with 
a Sealed Structure. In View of these circumstances, it is 
difficult to extract light from the organic EL layer on the 
opposite Side to the driving circuits. 

DISCLOSURE OF THE INVENTION 

0008. The present invention was devised on the basis of 
the aforementioned requirements, an object thereof being to 
provide a light emission device wherein a cathode layer is 
provided on the driving circuit Side of an EL layer. 
0009. The light emission device relating to the present 
invention comprises: a light emission Substrate constituted 
by interposing a light emission layer containing an EL layer 
in between an optically transmissive anode layer and a 
cathode layer; and a driving circuit Substrate on which 
driving circuits for driving the light emission layer are 
formed; the outputs of the driving circuits being electrically 
connected to the cathode layer, and means for preventing 
oxidization of the cathode layer being provided between the 
light emission Substrate and the driving circuit SubStrate. 
0010. According to the aforementioned composition, 
Since the cathode layer is connected electrically to the 
driving circuits, the cathode layer is situated on the driving 
circuit Side with respect to the EL layer. Moreover, Since 
means for preventing oxidization is provided with respect to 
the cathode layer, damaging of the cathodes can be pre 
vented. Since the anode layer is optically transmissive, light 
emitted from the light emission layer can be emitted by 
passing through the anode layer. Since the optical emission 
efficiency is not affected by the size or configuration of the 
driving circuits located below the cathode layer, it is possible 
to increase the aperture ratio of the light emission device. 
0011 Here, in the present invention, “optically transmis 
Sive' not only refers to a transparent State where virtually 
100% of light is transmitted, but also includes states where 
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the light is attenuated to Some degree but the light is still 
transmitted at a level which Satisfies practical objectives. 
0012 Moreover, “EL (Electroluminescence) layer” refers 
generally to a layer formed by a light emitting material 
which emits light on the basis of an electroluminescence 
effect whereby light is generated by recoupling energy when 
positive holes injected from an anode recouple with elec 
trons injected from a cathode, due to the application of an 
electrical field, regardless of whether the light emitting 
material is organic or inorganic (Zn, S, or the like.) More 
over, in addition to an EL layer made from a light emitting 
material, the “light emission layer may also be constituted 
by either or both a positive hole injection (transportation) 
layer and/or an electron injection (transportation) layer. 
More specifically, in addition to a cathode/light emission 
layer/anode layer Structure, it is also possible to adopt layer 
Structures, Such as: cathode/light emission layer/positive 
hole injection layer/anode, cathode/electron injection layer/ 
light emission layer/anode, or cathode/electron injection 
layer/light emission layer/positive hole injection layer/an 
ode, and the like. It is particularly desirable that a transpar 
ent electrode material be used to form the positive hole 
injection layer. 
0013 Moreover, “driving circuit” refers to a circuit con 
Stituted in Such a manner that it can Supply a current for 
driving a light emission Substrate comprising a current 
driven EL layer, and Such a circuit may be constituted by a 
thin film transistor, for example. If the light emission device 
is a magneto-optical device, Such as an active matrix type 
device, then it refers to a group of circuit elements which 
contribute to the light emission of each respective picture 
element. 

0.014) Moreover, “light emission device' does not neces 
Sarily require an image display function, and may refer to 
any device having a light emitting function. For example, 
this concept also includes illumination devices and indicator 
devices, and the like. 
0.015. In the present invention, the light emission layer is 
Superimposed partially or completely over the driving cir 
cuits, when viewed from an approximately perpendicular 
direction to the Substrate plane. According to this composi 
tion of the present invention, Since the light from the light 
emission layer is emitted via the anode layer Side, there is no 
Shielding of the light even if driving circuits are present in 
such a manner that they overlap with the lower side of the 
cathode layer as viewed from the light emission layer. Since 
the light emission efficiency is not affected by the size or 
positioning of the driving circuits, then the aperture ratio of 
the light emission device can be increased. 
0016. Here, for example, means for preventing oxidiza 
tion of the cathode layer is constituted by introducing an 
adhesive which hermetically Seals the cathode layer in 
between the light emission Substrate and the driving circuit 
Substrate. By introducing adhesive in this manner, it is 
possible to shut out oxygen, which is a cause of oxidization 
of the cathode layer. Moreover, it is also possible to bond the 
light emission Substrate and the driving circuit Substrate 
together more Strongly by means of the adhesive force of the 
adhesive. Since the adhesive material has high insulating 
properties, there is no adverse effect on the electrical prop 
erties. 

0.017. Here, for example, means for preventing oxidiza 
tion of the cathode layer is constituted by introducing an 
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inert gas which prevents oxidization of the cathode layer in 
between the light emission Substrate and the driving circuit 
Substrate. By introducing an inert gas, it is possible to 
prevent oxygen, which is a cause of oxidization of the 
cathode layer, from acting on the cathode layer. Since it is 
necessary to introduce and Seal the inert gas and to shut out 
air, desirably, a structure is provided which Seals the inert 
gas hermetically at the end faces, and the like, of the 
Substrates of the light emission device. 
0018. Here, for example, the light emission layer com 
prises, at the least, a positive hole injection layer formed on 
the anode layer Side, and the EL layer formed on the positive 
hole injection layer. If a positive hole injection layer is used, 
then during operation, it is possible to raise the light emis 
Sion efficiency by Supplying positive holes from the anode 
layer, efficiently, to the EL layer. Moreover, in the method of 
manufacture, Since the EL layer is formed after forming the 
positive hole injection layer, when depositing layerS on the 
anode layer Side, it is possible to form an EL layer evenly, 
to a uniform thickness, due to the presence of the positive 
hole injection layer. This will help to homogenize the 
quantity of light emitted and prevent decline in durability 
due to concentration of the current in a portion of the layer. 
0019 Here, for example, the cathode layer comprises an 
exposure prevention Structure which covers the light emis 
Sion layer and prevents exposure of the end portions of the 
Substrate. By adopting a composition of this kind, it is 
possible to inject electrons efficiently into the EL layer, and 
it is also possible to prevent oxidization due to contact of the 
cathode layer with the air, or the like. 
0020. An “exposure prevention structure” refers to a 
Structure which prevents the cathode layer from direct 
contact with oxygen, and may indicate, for example, a 
Structure in which the cathode layer can be patterned and 
connected and then Surrounded with an adhesive or inert gas. 
Alternatively, it may include a structure for preventing 
oxidization by laminating further layers onto the cathode 
layer. 
0021 Here, for example, the driving circuit substrate 
comprises electrodes which connect to the cathode layer and 
to which the output of the driving circuit substrate is 
Supplied. By providing electrodes, connection to the cathode 
layer is achieved easily, and it can be Surmised that a driving 
circuit Substrate formed with electrodes of this kind is 
applied in the present invention. 
0022 Here, for example, the electrodes and the cathode 
layer are electrically connected by means of an electrically 
conductive material. By means of an electrically conductive 
material, the contact resistance between the electrodes and 
the cathode layer is reduced, and moreover, unpredicted 
Shorting, and the like, caused by the occurrence of unwanted 
electrical connections, or the like, can be prevented. 
0023 “Electrically conductive material” means a mate 
rial having high conductivity which can be used to connect 
electrodes together, and it is possible to use, for example, an 
anisotropic conductive paste, or anisotropic conductive film. 
0024. The present invention is also an electro-optical 
device and an electronic device, comprising the light emis 
Sion device described above. 

0025 Here “electro-optical device” refers to a device 
provided with means for Supplying electrical power, or the 
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like, to the aforementioned light emission device, consti 
tuted in Such a manner that the light emission action can be 
displayed independently, and hence it covers components 
for electronic devices, Such as irradiation panel, or display 
panel units, or the like. Moreover, “electronic device” refers 
generally to a device in which the aforementioned light 
emission device can be installed and used, and there is no 
limit on the composition of Such a device, examples of 
which include: a personal computer, digital Still camera, 
liquid crystal television, View finder type or monitor direct 
View type Video tape recorder, car navigation device, page, 
electronic notebook, calculator, word processor, work Sta 
tion, television telephone, POS terminal, touch panel device, 
portable telephone, head mounted display, rear or front type 
projector, fax with display function, or the like. 

0026. Moreover, the method of manufacturing a light 
emission device relating to the present invention comprises 
the Steps of: forming a light emission Substrate constituted 
by interposing a light emission layer containing an EL layer 
in between an optically transmissive anode layer and a 
cathode layer; forming a driving circuit Substrate on which 
driving circuits for driving the light emission layer are 
formed; electrically connecting the outputs of the driving 
circuits in the driving circuit Substrate to the cathode layer 
in the light emission Substrate; and Sealing the light emission 
Substrate and the driving circuit Substrate together in Such a 
manner that oxidization of the cathode layer is prevented. 
0027 According to these processing steps, since the 
cathode layer is electrically connected to the drive circuits, 
it is possible to manufacture a light emission device in which 
the cathode layer is situated on the driver circuit side with 
respect to the EL layer. Moreover, Since means for prevent 
ing oxidization is provided with respect to the cathode layer, 
damaging of the cathodes can be prevented. Since the anode 
layer is optically transmissive, light emitted from the light 
emission layer can be emitted by passing through the anode 
layer. Since the optical emission efficiency is not affected by 
the size or configuration of the driving circuits located below 
the cathode layer, it is possible to increase the aperture ratio 
of the light emission device. 
0028. Here, for example, in the step of forming the 
driving circuit Substrate, when the light emission Substrate 
and the driving circuit Substrate are connected, a portion or 
the entirety of the driving circuits in the driving circuit 
Substrate is Superimposed with the light emission Substrate 
in the light emission Substrate. According to the present 
invention, Since the light from the light emission layer is 
emitted via the anode layer Side, there is no shielding of the 
light even if driving circuits are present in Such a manner 
that they overlap with the lower side of the cathode layer as 
Viewed from the light emission layer. Therefore, it is poS 
Sible to position the driving circuits freely and design the 
circuit configuration freely, with respect to the Specifica 
tions, without having to take decline of the light emission 
efficiency into account. 

0029. Here, for example, in the sealing step, an adhesive 
which hermetically seals the cathode layer is filled in 
between light emission Substrate and the driving circuit 
Substrate. By introducing an adhesive, it is possible to shut 
out oxygen which may cause oxidization of the cathode 
layer. Moreover, by means of the adhesive force of the 
adhesive, it is possible to bond the light emission Substrate 
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and the driving circuit Substrate together more Strongly. 
Since the adhesive has high insulating properties, there is no 
adverse affect on the electrical properties. 
0030 Here, for example, in the sealing step, an inert gas 
which prevents oxidization of the cathode layer is intro 
duced in between the light emission Substrate and the 
driving circuit Substrate. By introducing an inert gas, it is 
possible to prevent oxygen, which is a cause of oxidization 
of the cathode layer, from acting on the cathode layer. Since 
it is necessary to introduce and Seal the inert gas and to shut 
out air, desirably, a structure is provided which Seals the inert 
gas hermetically at the end faces, and the like, of the 
Substrates of the light emission device. 
0031 Here, for example, the step of forming the light 
emission Substrate, comprises, at the least, a Step of forming 
a positive hole injection layer on the anode layer Side, and 
a step of forming the EL layer on the positive hole injection 
layer. According to this manufacturing Step, Since the EL 
layer is formed after forming the positive hole injection 
layer, it is possible to form an EL layer evenly, to a uniform 
thickness, due to the presence of the positive hole injection 
layer. This will help to homogenize the quantity of light 
emitted and prevent decline in durability due to concentra 
tion of the current in a portion of the layer. Moreover, if a 
positive hole injection layer is used, then during operation, 
it is possible to raise the light emission efficiency by 
Supplying positive holes from the anode layer, efficiently, to 
the EL layer. 
0032 Here, for example, in the step of forming the light 
emission Substrate, the cathode layer is formed in an expo 
Sure preventing shape which covers the light emission layer 
and prevents exposure of the end portions of the Substrate. 
By forming in a shape of this kind, it is possible to inject 
electrons efficiently into the EL layer, and it is also possible 
to prevent oxidization due to contact of the cathode layer 
with the air, or the like. 
0033 Here, for example, in the step of forming the 
driving circuit Substrate, electrodes are formed, which con 
nect to the cathode layer and to which the output of the 
driving circuit Substrate is Supplied. By forming electrodes, 
connection to the cathode layer is achieved easily, and it can 
be surmised that a driving circuit Substrate formed with 
electrodes of this kind is applied in the present invention. 
0034. Here, for example, in the step of connecting the 
light emission Substrate and the driving circuit Substrate, the 
electrodes and the cathode layer are electrically connected 
by means of an electrically conductive material. By means 
of an electrically conductive material, the contact resistance 
between the electrodes and the cathode layer is reduced, and 
moreover, unpredicted shorting, and the like, caused by the 
occurrence of unwanted electrical connections, or the like, 
can be prevented. 
0035) The light emission device (organic EL display unit) 
according to the present invention is a display unit using 
organic EL elements in a display Section, formed by respec 
tively preparing a driving circuit Substrate incorporating 
driving circuits for the organic EL elements, and an EL 
Substrate incorporating the organic EL elements, and bond 
ing the Substrates together. 
0036) Thereby, the face on which the EL elements are 
provided, with respect to the driving circuits, forms the 
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display face, and hence various circuits, Such as memory 
circuits, can be incorporated into the picture element 
regions, thereby improving the performance and added 
value of the display unit, and making it possible to achieve 
a finely detailed display unit. 

0037. In the light emission unit described above, it is 
possible to form contact electrodes respectively on the 
Surfaces of the driving circuit Substrate and the EL Substrate 
which are to be bonded together, in Such a manner that these 
electrodes contact each other. 

0.038 Moreover, in the light emission device described 
above, it is also possible for the contact electrodes on the EL 
Substrate to be connected to the cathodes or the cathodes of 
the EL. 

0039. Furthermore, in the light emission device described 
above, it is also possible for the Surface of the display unit 
to be taken as the EL Substrate side. 

0040 Moreover, in the light emission device described 
above, it is also possible for the EL Substrate to comprise a 
common anode layer made from a transparent material, and 
a hole transportation layer, light emission layer, and cathode 
pattern formed thereon in accordance with each picture 
element. 

0041 Furthermore, in the light emission device described 
above, it is also possible for the driving circuits on the 
driving circuit substrate to be constituted by thin film 
transistors formed on a glass Substrate. 

0.042 Moreover, in the light emission device described 
above, it is also possible for the driving circuits on the 
driving circuit substrate to be constituted by thin film 
transistors formed on a flexible Substrate. 

0.043 Furthermore, in the light emission device described 
above, it is also possible for the driving circuit Substrate to 
be formed by transferring driving circuits constituted by thin 
film transistors formed on another Substrate. 

0044) Moreover, in the light emission device described 
above, it is also possible for the driving circuit Substrate to 
be formed by transferring driving circuits constituted by thin 
film transistors formed on another Substrate, for each picture 
element or each plurality of picture elements. 

0.045. Furthermore, in the light emission device described 
above, it is also possible for the driving circuit Substrate to 
be formed by transferring driving circuits constituted by thin 
film transistors formed on another Substrate, onto a flexible 
Substrate. By means of this composition, it is possible to 
fabricate a display unit by transferring driving circuits by 
means of transfer technology, without wasting Semiconduc 
tor material. 

0046) Moreover, in the light emission device described 
above, it is also possible for the EL Substrate to be formed 
on a glass Substrate. 

0047. Furthermore, in the light emission device described 
above, it is also possible for the EL Substrate to be formed 
on a flexible Substrate. 

0.048 Moreover, in the light emission device described 
above, it is also possible for the bonding of the driving 
circuit Substrate and the EL Substrate to be performed by 
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interposing an anisotropic conductive paste or anisotropic 
conductive film therebetween. 

0049 Furthermore, in the light emission device described 
above, it is also possible for the EL Substrate to be formed 
by layering a common transparent electrode layer on a 
Substrate Surface, for each picture element, and then layering 
a light emission layer containing an organic EL layer, and a 
cathode layer, on top of the transparent electrode layer, at 
positions corresponding to the respective picture elements. 
0050. In the method of manufacturing a light emission 
device according to the present invention, a driving circuit 
Substrate incorporating driving circuits for organic EL ele 
ments, and an EL Substrate incorporating the organic EL 
elements, are bonded together. 
0051. According to this method of manufacture, it is 
possible to manufacture a large Scale display unit or a 
flexible display unit. 
0052. In the method of manufacturing a light emission 
device described above, it is possible to form contact elec 
trodes respectively on the Surfaces of the driving circuit 
Substrate and the EL Substrate which are to be bonded 
together, in Such a manner that these electrodes contact each 
other. 

0053 Moreover, in the method of manufacturing a light 
emission device described above, it is also possible for the 
contact electrodes on the ELSubstrate to be connected to the 
cathodes or the cathodes of the EL. 

0054 Furthermore, the method of manufacture described 
above is characterized in that the Surface of the display unit 
is taken as the EL Substrate Side. 

0055 Moreover, in the method of manufacturing a light 
emission device described above, it is also possible for the 
EL Substrate to comprise a common anode layer made from 
a transparent material, and a hole transportation layer, light 
emission layer, and cathode pattern formed thereon in accor 
dance with each picture element. 
0056 Furthermore, in the method of manufacturing a 
light emission device described above, it is also possible for 
the driving circuits on the driving circuit Substrate to be 
constituted by thin film transistors formed on a glass Sub 
Strate. 

0057 Moreover, in the method of manufacturing a light 
emission device described above, it is also possible for the 
driving circuits to be constituted by thin film transistors 
formed on a flexible Substrate. 

0058. Furthermore, in the method of manufacturing a 
light emission device described above, it is also possible for 
the driving circuit Substrate to be formed by transferring 
driving circuits constituted by thin film transistors formed on 
another Substrate. 

0059 Moreover, in the method of manufacturing a light 
emission device described above, it is also possible for the 
driving circuit Substrate to be formed by transferring driving 
circuits constituted by thin film transistors formed on 
another Substrate, for each picture element or each plurality 
of picture elements. 
0060) Furthermore, it is also possible for the driving 
circuit Substrate to be formed by transferring driving circuits 
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constituted by thin film transistors formed on another sub 
Strate, onto a flexible Substrate. 

0061 Moreover, it is also possible for the ELSubstrate to 
be formed on a glass Substrate. 
0.062 Furthermore, it is also possible for the EL Substrate 
to be formed on a flexible Substrate. 

0.063 Moreover, it is also possible for the bonding of the 
driving circuit SubStrate and the EL Substrate to be per 
formed by interposing an anisotropic conductive paste or 
anisotropic conductive film therebetween. The anisotropic 
conductive paste and anisotropic conductive film are com 
monly known devices, being a paste or a film which can be 
used as an adhesive, and if interposed thinly as an adhesive 
between two members, it demonstrates low electrical resis 
tance in the direction of the thickness of the film, and 
demonstrates high electrical resistance in the direction par 
allel to the Surface of the film. 

0064. Furthermore, it is also possible for the EL Substrate 
to be formed by layering a common transparent electrode 
layer on a Substrate Surface, for each picture element, and 
then layering a light emission layer containing an organic EL 
layer, and a cathode layer, on top of the transparent electrode 
layer, at positions corresponding to the respective picture 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0065 FIG. 1 is a sectional view of a light emission 
device relating to a first embodiment of a light emission 
device according to the present invention (a Sectional view 
along A-A in FIG. 2); 
0.066 FIG. 2 is a plan view of a light emission device 
relating to the first embodiment; 
0067 FIG. 3 is a sectional view of a driving circuit 
Substrate prior to a bonding Step; 

0068 FIG. 4 is a sectional view of a light emission 
Substrate prior to a bonding Step; 

0069 FIG. 5 is a sectional view of a light emission 
device after a bonding Step; 
0070 FIG. 6 is a circuit diagram of an electro-optical 
device relating to a first embodiment of the present inven 
tion, FIG. 7 is a manufacturing proceSS diagram showing an 
example of a method of manufacturing a light emission 
device relating to the first embodiment; 
0071 FIG. 8 is a sectional diagram of a light emission 
Substrate in a light emission device relating to a Second 
embodiment of the light emission device according to the 
present invention, prior to bonding; 

0.072 FIG. 9 is a sectional diagram of a driving circuit 
Substrate of a light emission device relating to the Second 
embodiment, prior to bonding; 

0073 FIG. 10 is a sectional view of a light emission 
device after bonding; 

0.074 FIG. 11 is a sectional view of a light emission 
Substrate of a light emission device relating to a third 
embodiment of the light emission device according to the 
present invention, prior to bonding; 
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0075 FIG. 12 is a sectional view of a driving circuit 
constituted by a thin film transistor, prior to transfer to a 
driving circuit Substrate in a light emission device relating to 
the third embodiment; 
0076 FIG. 13 is an oblique view showing the composi 
tion of a personal computer, which is one example of an 
electronic device relating to the present invention; 
0077 FIG. 14 is an oblique view showing the composi 
tion of a portable telephone, which is one example of an 
electronic device relating to the present invention; 
0078 FIG. 15 is an oblique view showing the composi 
tion of the rear face Side of a digital Still camera, which is 
one example of an electronic device relating to the present 
invention; 
007.9 FIG. 16 is a sectional view showing the structure 
of an organic EL display unit according to the prior art; and 
0080 FIG. 17 is a plan view showing the structure of an 
organic EL display unit according to the prior art. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0081 Below, preferred embodiments of the present 
invention are described with reference to the drawings. 
0082 (First Embodiment) 
0083 (Manufacturing Light Emission Device) 
0084 FIG. 1 shows a sectional view of a light emission 
device 1000 according to a first embodiment of the present 
invention. FIG. 2 shows a plan view of a light emission 
device 1000 according to this first embodiment. FIG. 1 is a 
Sectional view taken along Section A-A in the plan View in 
FG, 2. 

0085. The light emission device 1000 of the first embodi 
ment is an organic EL display unit used for displaying 
images, and comprises a driving circuit Substrate 100 Side 
structure and a light emission (EL) substrate 300 side 
Structure. 

0086). As shown in FIG. 1, the layer structure of the 
driving circuit Substrate 100 is constituted, respectively from 
the lower Side upwards, by laminating a Substrate 10, a 
semiconductor thin film 11 (source 112, drain 113, channel 
114), a gate insulating film 12, a gate electrode layer 13, a 
first protective thin film 14, a wiring layer 16, a Second 
protective thin film 17, and a picture element electrode layer 
19. 

0087. The layer structure of the light emission substrate 
300, on the other hand, is constituted respectively, from the 
upper side downwards, (from the top down in the diagram 
: this forming the lower layer side during manufacturing), by 
laminating a transparent Substrate 30, a transparent electrode 
layer 31, a positive hole injection layer 33 inside a picture 
element forming region delimited by a bank 32, an organic 
EL layer 34 and a cathode layer 36. A light emission layer 
35 is formed by the positive hole injection layer 33 and the 
organic EL layer 34. 
0088 More specifically, a driving circuit and picture 
element region are disposed as illustrated in the plan dia 
gram shown in FIG. 2. FIG. 6 shows a circuit diagram of 
the light emission device 1000 corresponding to this 
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arrangement. AS FIG. 2 and FIG. 6 reveal, in this light 
emission device, a Supply line 161 for Supplying electric 
power and a signal line 163 for Supplying write information, 
and a Scan line 193 for Supplying a Scan signal and a 
capacitor line 192 for connecting a Storage capacitor C are 
provided in each picture element region, in interSecting 
regions. 

0089. The semiconductor thin film 11 is patterned into a 
thin film 110 relating to a driving thin film transistor (driving 
TFT) T1, and thin film 111 relating to a switching thin film 
transistor (Switching TFT) T2. The gate electrode layer 13 is 
patterned into a gate electrode 131 relating to the thin film 
transistor T1, and a gate electrode 132 relating to the thin 
film transistor T2. Moreover, the wiring layer 16 is patterned 
into a supply line 161, drain electrode 162, signal line 163, 
and Storage capacitor 164. The picture element electrode 
layer 19 is patterned into a picture element electrode 191, 
capacitor line 192 and scan line 193. 

0090 Moreover, the source 112 of the semiconductor thin 
film 110 constituting the driving thin film transistor T1 is 
connected via a through hole 151 to the Supply line 161. The 
drain 113 of the thin film transistor T1 is connected via a 
through hole 152 to the drain electrode 162. The drain 
electrode 162 is connected to the picture element electrode 
191 via a through hole 181. On the other hand, the gate 
electrode 131 of the thin film transistor T1 is connected via 
a through hole 154 to the Storage capacitor C, and is also 
connected via a through hole 155 to the source 112 of the 
Semiconductor thin film 111 constituting the Switching thin 
film transistor T2. The Storage capacitor C accumulates 
electric charge in conjunction with the capacitor line 192, in 
Such a manner that the current required to drive the light 
emission layer 35 is fixed with respect to the voltage held at 
either end of the Storage capacitor C. Moreover, the drain 
113 of the thin film transistor T2 is connected to the signal 
line 163 via the through hole 153. The gate electrode 132 of 
the thin film transistor T2 is connected via the through hole 
156 to the Scan line 193. 

0091. As indicated by FIG. 1 and FIG. 6, according to 
the foregoing composition, whenever the Scan line 193 
assumes an on State at each Scan timing in the driving circuit 
substrate 100, the Switching thin film transistor T2 switches 
on and the Voltage Supplied to the Signal line 163 is Stored 
in the Storage capacitor C. Thereupon, a current correspond 
ing to this Voltage is caused to flow through the driving thin 
film transistor T1, and this current flows from the cathode 
Side of the organic EL element, in other words, from the 
cathode layer 31, into the light emission layer 35, in other 
words, the positive hole injection layer 33 and organic EL 
layer 34, thereby causing a quantity of light corresponding 
to the amount of current to be emitted. Namely, the organic 
EL element emits light of a quantity corresponding to the 
Voltage designated by the Signal line 163. 

0092. In particular, in the present invention, the light 
emitted from the light emission layer 35 is emitted from the 
substrate 30 via the anode layer 31 which is optically 
transmissive, rather than being emitted on the cathode layer 
36. Therefore, light emission is not affected, even if mem 
bers which do not transmit light are provided to the rear of 
the cathode layer 36, from the viewpoint of the light 
emission layer 35, in other words, even if driving circuits are 
present to the rear of the cathode layer 36. Therefore, in the 
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present embodiment, it is possible to position the thin film 
transistorST1 and T2, the Storage capacitor C, and the wiring 
layers 161-164, 191-193, in Such a manner that they overlap 
partially or fully with the light emission layer 35 in plan 
view, as illustrated by the plan diagram shown in FIG. 2, for 
example. 

0.093 (Method of Manufacturing Driving Circuit) 
0094) Next, a method of manufacturing the present light 
emission device is described with reference to the manufac 
turing process flowchart in FIG. 7. As shown in FIG. 7, this 
manufacturing method comprises Steps for forming a driving 
circuit substrate 100 (S10-S17), steps for forming a light 
emission substrate 300 (S20-24), and steps for fabricating a 
light emission device 1000 using these two substrates (S30, 
S31). 
0095 The processes of forming the driving circuit Sub 
Strate and forming the light emission Substrate may be 
performed independently, in different factories, for example, 
or they may be performed Successively in the same manu 
facturing plant (for example, by first forming the driving 
circuit Substrate and then forming the light emission Sub 
Strate, or Vice versa). Moreover, the process for manufac 
turing the light emission device 1000 may be performed in 
the same site as that in which the drive circuit Substrate or 
light emission Substrate is formed, or it may be performed in 
a different site. Here, the procedure is described in order, 
Starting from the formation of the driving circuit Substrate. 
0096. It is possible to adopt various commonly know 
manufacturing techniques for manufacturing the driving 
circuit Substrate 100. Some examples of such techniques are 
given below. Firstly, a semiconductor thin film 11 (110, 111) 
is formed on a Substrate 10 which forms the basis of the 
driving circuit Substrate 100 (S10). In the present invention, 
Since it is not necessary to use an optical transparent material 
on the driving circuit Substrate Side, a Substrate material can 
be selected according to its durability, and mechanical 
strength, or the like. For example, for the substrate 10, it is 
possible to use a conductive material, Such as metal, a 
ceramic material, Such as Silicon carbide, alumina, alu 
minium nitride, or the like, a transparent or Semi-transparent 
insulating material, Such as fused silica, glass, or the like, a 
Semiconductor material, Such as a Silicon wafer, or an LSI 
Substrate formed from a processed Silicon wafer, or the like. 
0097. If a driving circuit substrate is fabricated using 
transfer technology developed by the present applicants (for 
example, that disclosed in Japanese Patent Laid-open 
No.(Hei)10-125931 and Japanese Patent Laid-open 
No.(Hei)11-26733) to transfer a semiconductor device pre 
viously formed Separately on a glass Substrate, or the like, 
onto a flexible Substrate, then a flexible Substrate 10 is 
formed. This is described in more detail in a second embodi 
ment. 

0098. Materials such as silicon, germanium, silicon-ger 
manium, Silicon carbide, germanium carbide, or the like, 
may be used for the semiconductor thin film 11. This 
semiconductor thin film 11 is formed by a CVD technique, 
such as APCVD, LPCVD, or PECVD, by sputtering, or the 
like, or by a PVD technique Such as vapour deposition, or 
the like. In order to improve the properties of the Semicon 
ductor thin film 11, it is also possible to achieve a multi 
crystalline Structure in the Semiconductor thin film, using a 
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high-output laser, Such as an excimer laser. The Semicon 
ductor thin film 11 is formed by patterning by photolithog 
raphy, or the like, to form respective thin film transistor 
shapes, and then etching by dry etching, or the like. 

0099 Next, a gate insulating film 12 is formed (S11). The 
gate insulating film 12 is formed to a prescribed thickness by 
depositing SiO2 by means of a commonly known method, 
such as ECR plasma CVD, parallel planar RF discharge 
plasma CVD, or the like. 
0100. Thereupon, the gate electrode layer 13 (131,132) is 
formed (S12). Firstly, a metal thin film for forming the gate 
electrode is deposited on the gate insulating film 12 by 
means of a PVD technique, CVD technique, or the like. 
Desirably, the material of the gate electrode layer has a low 
electrical resistance and is stable with respect to heat treat 
ment, and high-melting-point metals, Such as tantalum, 
tungsten, chromium, or the like, are Suitable in these 
respects. Moreover, when forming the Source and drain by 
ion doping, the film thickness of the gate electrode is 
required to be approximately 700 nm, in order to prevent 
hydrogen channelling. After forming the gate electrode layer 
13, it is patterned into the shapes of gate electrodes 131, 132, 
using a commonly known photolithography method and 
etching method. 
0101 Thereupon, respective regions for a source 112, 
drain 113, and channel 114 are formed by introducing an 
impurity into the semiconductor thin film 11 (S13). In this 
impurity introduction, Since the gate electrodes 131, 132 
form masks for the ion injection, the channel has a self 
regulating structure whereby it is formed only under the gate 
electrode. For example, if the thin film transistor is an n-type 
MOS transistor, then the channel 114 is doped with a p-type 
impurity, Such as boron, gallium, indium, or the like, and the 
Source 112 and drain 113 are injected with an n-type 
impurity, Such as phosphorous, arsenic, antimony, or the 
like. 

0102) Thereupon, a first protective thin film 14 is formed 
so as to cover the gate electrode (S14). The first protective 
thin film 14 is formed in a similar manner to the gate 
insulating film. 

0103) Next, a wiring layer 16 (161-164) is formed (S15). 
Prior to this, a through hole 15 (151-155) for electrically 
connecting the wiring layer 16 with the Semiconductor thin 
film 11 and gate electrode 13 is opened in the gate insulating 
film 12 and the first protective thin film 14. A wiring layer 
16 is then formed from a metal, Such as aluminium, or the 
like, using a commonly known techniques, Such as PVD, 
CVD, or the like, and is patterned into respective wiring 
shapes, to form a Supply line 161, drain electrode 162, Signal 
line 163, and capacitor electrode 164. 
0104. Thereupon, a second protective thin film 16 is 
formed similarly to the first protective thin film 14 (S16), 
and a through hole 18 (181,182) is opened in the wiring layer 
19 (191-193) to connect electrically to the underlying drain 
electrode 162 and the scan line 193. The second wiring layer 
19 is formed using a commonly known technique, Such as 
PVD, CVD, or the like, and is patterned to form the shapes 
of a picture element electrode 191, capacitor line 192 and 
scan line 193 (S17). The wiring layer 19 and picture element 
electrode layer 19 are formed by depositing a conductive 
metal material, Such as aluminium lithium (Al-Li) to a 

Jul. 24, 2003 

thickness of 0.1 um-1.0 lim. By means of the various 
processing Steps described above, a driving circuit Substrate 
100 is formed. 

0105 FIG.3 shows the layer structure of a driving circuit 
Substrate 100 manufactured in the aforementioned manner. 
FIG. 3 is a sectional view along the curved cross section 
B-B in the plan view in FIG. 2. 
0106 (Method for Manufacturing Light Emission Sub 
Strate) 
0107. In the next place, the method for manufacturing a 
light emission substrate 300 is described with reference to 
FIG. 7, the flow chart of manufacturing processes. It is 
possible to adopt various commonly known manufacturing 
techniques for manufacturing the light emission Substrate 
300. Some examples of such techniques are given below. 
0.108 Firstly, a transparent electrode layer 31 is formed 
on a transparent Substrate 30 (S20). In the present invention, 
Since the light from the light emission layer is emitted by 
passing through this Substrate 30, it is fundamental that this 
substrate 30 be optically transmissive, in addition to which 
a Suitable material is Selected by taking account of durabil 
ity, mechanical Strength, and other factors, as well. For 
example, a transparent or Semi-transparent insulating mate 
rial, Such as fused Silica, glass, or the like, can be used. The 
transparent electrode layer 31 is made from a material which 
is electrically conductive and optically transmissive, and is 
close to the work function of the HOMO level of the organic 
EL material used in the EL layer 34, for example, ITO, 
NESA, or the like. The transparent electrode layer 31 is 
formed commonly across the full range of the light emission 
layer 35 provided for each picture element, So as to form a 
common electrode for each picture element region. The 
forming method may use a common coating technique, 
Sputtering method, or the like, the layer being adjusted to a 
thickness of 0.05 um-0.2 lim. 
0109 Thereupon, a bank layer 32 is formed on the 
transparent electrode layer 31. This bank layer serves to 
provide dividing members which Separate the light emission 
layer 35 and the cathode layer 36 in the respective picture 
elements. The material of the bank layer 32 is formed by an 
insulating inorganic compound or an insulating organic 
compound. For example, materials. Such as Silicon oxide, 
Silicon nitride, amorphous Silicon, polysilicon, polyimide, or 
fluorine compounds, or the like, may be used. For instance, 
the affinity of the bank layer 32 is adjusted in Such a manner 
that the contact angle with respect to the thin film material 
for forming the positive hole injection layer 33 and EL layer 
34, and the like, is 30 degrees or below. The thickness of the 
bank layer 32 is thicker than the total thickness after 
formation of the positive hole injection layer 33 and the EL 
layer 34, and the thickness after formation of the cathode 
layer 36 is adjusted so as to be lower than this total 
thickness. The bank layer 32 is formed by depositing the 
aforementioned insulating compound, by a commonly 
known technique, Such as Sputtering, CVD, coating tech 
niques (Spin coating, Spray coating, roll coating, dye coating, 
dip coating), or the like, and then removing the compound 
to leave bank regions by means of photolithography, or the 
like. 

0110. Thereupon, the positive hole injection layer 33 is 
formed (S22). As a material for this positive hole injection 
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layer 33, an organic material or inorganic material having a 
positive hole injection function or an electrode barrier 
function is used. For example, the material disclosed in 
Japanese Patent Laid-open No.(Hei) 10-163967 and Japa 
nese Patent Laid-open No.(Hei) 8-248276. 
0111 Various commonly known methods can be used for 
forming the positive hole injection layer 33 and the Subse 
quent EL layer 34, but desirably, an ink jet method is 
employed. Therefore, in order to form these layers in the 
receSS Sections demarcated by the bank layer 32, liquid thin 
film material is Successively filled into Said Sections to form 
thin film layers. Using an inkjet method, it is possible to fill 
a desired quantity of a fluid material into a desired position, 
and Such a filling operation can be performed using a Small 
Scale device Such as that employed in a domestic printer. For 
example, the liquid thin film material is filled from the ink 
jet head into the receSS Sections formed by the bank layer 32, 
and is then heated to remove the Solvent components. The 
inkjet method used may be a piezo jet method, or a method 
which expels material due to vaporization caused by heat 
ing, or it may be an electroStatic pressurization method. A 
piezo jet method is desirable, Since it does not involve 
modification of the fluid material due to heating. 
0112 The EL layer 34 is formed by a similar method, 
after the positive hole injection layer 33 has been formed 
(S23). A material which emits light when 5 a current flows 
therein is used. The material used is that described in 
Japanese Patent Laid-open No.(Hei)10-163967, or Japanese 
Patent Laid-open No.(Hei)8-248276, for instance, depend 
ing on the colour of light that is to be emitted. More 
Specifically, for a red coloured EL layer material, a material 
Such as a cyano-poly-phenylyne Vinylene precursor, 2-1,3', 
4'-dihydroxy-phenyl-3,5,7-trihydroxy-1-benzopyrylium 
perchlorate, PVK doped with DCM1, or the like. 
0113 As a material for a green coloured EL layer, it is 
possible to use a polyphenylyne precursor, 2,3,6,7-tetrahy 
dro-11-oxo-1H,5H, 11H-(1) benzopyrano-6,7,8-ij-quino 
lizine-10-carbonate, PVK doped with quartamin 6, or the 
like. As a material for a blue colour EL layer, it is possible 
to use an aluminium quinolinol complex, a pyrazoline dimer, 
2,3,6,7-tetrahydro-9-methyl-11-oxo-1H,5H,11H-(1)-ben 
Zopyrano6,7,8-ij-quinolizine, a diester derivative, PVK 
doped with 1,1,4,4-triphenyl-1,3-butadiene, or the like. The 
EL layer 34 is layered to a thickness for obtaining a suitable 
light quantity, for example, approximately 0.05 um-0.2 um. 
0114. It is also possible to form an electron injection layer 
on top of the EL layer, by a similar method, according to 
requirements. This is in order to transmit electrons injected 
from the cathode layer, efficiently, to the light emission 
layer. As a material for the electron injection layer, it is 
possible to use a material Such as that described in Japanese 
Patent Laid-open No.(Hei)10-163967, or Japanese Patent 
Laid-open No.(Hei)8-248276, or Japanese Patent Laid-open 
No.(Sho)59-194393. More specifically, it is possible to use 
a nitro-Substituted fluorine derivative, an anthraquinone 
dimethane derivative, a diphenyl quinone derivative, a thi 
opyran dioxide derivative, a complex ring tetracarbonate 
anhydride, Such as naphthalene perylene, or the like, a 
carbodiimide, fluo-renylidene methane derivative, an 
anthraquino-dimethane and anthrone derivative, an oxadia 
Zole derivative, quinoxaline derivative, and the like. The 
thickness thereof is Set to a dimension whereby a Sufficient 
electron transportation function is displayed. 
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0115 Thereupon, a cathode layer 36 is formed (S24). 
According to the present invention, Since optical transmis 
Sivity must be taken into account in the cathode layer, a 
material should be used which has a work function that is 
close to the LUMO level of the organic EL material used in 
the light emission layer. For example, for this material, it is 
possible to use calcium, Sodium, a Sodium-potassium alloy, 
magnesium, lithium, a magnesium-copper compound, a 
magnesium-sliver compound, a magnesium-aluminium 
compound, a magnesium-indium compound, an aluminium 
aluminium oxide compound, indium, a lithium-aluminium 
compound, or other rare-earth metals. A common technique, 
Such as Sputtering, vapour deposition, or the like, is used in 
forming the cathode layer. After forming the cathode layer, 
it is separated for each respective picture element region, by 
photolithography and etching, or the like. In this case, 
desirably, it is formed So as to cover the edges of the bank 
layer 32, as illustrated in FIG. 1 and FIG. 4. This is because 
it makes it possible to contact the light emission layer 35 
without any gap therebetween. 

0116 FIG. 4 shows the layer structure of a light emission 
Substrate 300 formed in this manner. FIG. 4 is a sectional 
View along the curved croSS 

0117 section B-B of the plan view in FIG. 2. As shown 
in FIG. 4, a transparent electrode layer 31 is deposited onto 
the whole surface of the transparent Substrate 30, and a 
positive hole injection layer 33, EL layer 34 and cathode 
layer 36 are layered Subsequently on top of the transparent 
electrode layer 31, from the side of the transparent electrode 
layer 31, in the picture element forming regions mutually 
Separated by the banks 32 made from insulating material, a 
light emission layer 35 being constituted by each positive 
hole injection layer 33 and organic EL layer 34. 

0118 (Subsequent Processing: S30) 

0119) Next, the driving circuit substrate 100 illustrated in 
FIG. 3 and the light emission substrate 300 illustrated in 
FIG. 4 are aligned together in Such a manner that the Side 
on which the picture element electrodes 191 are formed and 
the side on which the cathode layers 36 are formed are 
mutually opposing. The driving circuit substrate 100 and 
light emission substrate 300 are registered in position in 
such a manner that the picture element electrodes 191 and 
cathode layerS 36 are electrically connected. In this case, in 
order to ensure conductivity between the picture element 
electrodes 191 on the driving circuit substrate 100 and the 
cathode layers 36 on the light emission substrate 300, 
desirably, an anisotropic conductive paste or anisotropic 
conductive film is used. By using a conductive material of 
this kind, it is possible to avoid shorting, and the like, in 
advance. According to the present embodiment, Since each 
picture element electrode 191 and cathode layer 36 is 
formed So as to project outwards in a relative fashion, if the 
positional registration is performed correctly, then the 
respective electrodes are pressed together and reliable elec 
trical connection can be ensured. 

0120 FIG. 5 shows a sectional view of the entirety of a 
light emission device 1000 in a state where the driving 
circuit Substrate 100 and the light emission substrate 300 
have been bonded together in the aforementioned manner. 
FIG. 5 is a sectional view along the curved cross section 
B-B in the plan view in FIG. 2. 
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0121 (Sealing Process: S31) 
0122) Thereupon, the substrates are sealed together by 
filling in a filling material which has no electrical conduc 
tivity and is inert with respect to the cathode material, in 
between the electrically connected driving circuit Substrate 
100 and light emission substrate 300. 
0123 For this material 20, it is suitable to use, for 
example, a variety of adhesives. Examples of Such adhesives 
include Setting adhesives of various types, Such as reactive 
hardening adhesives, thermosetting adhesives, air-setting 
adhesives, or the like. The composition of this adhesive may 
be, for example, based on an epoxy, acrylate or Silicon base, 
or the like. The adhesive is formed by a coating method, or 
the like. Since neither the cathode layer nor the driving 
circuit Substrate transmit light, it is desirable to use an 
adhesive which hardens on the basis of a type of energy 
other than light. For example, a Suitable amount of adhesive 
is coated onto the regions other than the picture element 
electrodes 191 of the driving circuit Substrate 100, and the 
whole of the light emission substrate 300 is bonded to the 
driving circuit substrate 100 whilst maintaining electrical 
contact between the picture element electrodes 191 and 
cathode layers 36 of the light emission substrate 300, 
whereupon the Setting adhesive is caused to harden by a 
Setting method corresponding to the characteristics of that 
adhesive. 

0.124. It is possible to shut out oxygen which can cause 
oxidization of the cathode layer, by filling in adhesive in this 
manner. Moreover, it is also possible to bond the light 
emission Substrate and the driving circuit Substrate together 
more tightly by means of the adhesive force of the adhesive. 
Since the adhesive also has high insulating properties, there 
is no adverse effect on the electrical properties. 
0.125. It is also possible to seal the driving circuit Sub 
strate 100 and the light emission substrate 300 together by 
filling an inert gas therein, rather than using an adhesive. 
Helium, argon, or the like, may be used as an inert gas. 
However, Since oxygen should be prevented from acting on 
the cathode layer, it is also possible to increase the degree of 
Vacuum between the driving circuit Substrate and the light 
emission Substrate. When a gas is used or a vacuum is 
created, it is necessary to adopt a structure which Seals the 
ends of the Substrate in order to increase the Sealing char 
acteristics between the Substrates. If an inert gas is intro 
duced, or a vacuum is created, it is possible to prevent 
oxygen which may cause oxidization of the cathode layer 
from acting on the cathode layer. 
0126. As illustrated in FIG. 5, in the light emission 
device 1000 manufactured by the aforementioned manufac 
turing Steps, when the driving circuit is operated and a 
current is introduced into the light emission layer 35 from 
the cathode layer 36, the light emission layer 35 emits light 
of a quantity corresponding to the amount of current. In this 
case, Since the cathode layer 36 has no optical transmissivity 
and the anode Side is formed with a transparent electrode 
layer 31, then the light emitted from the light emission layer 
35 is irradiated externally via the transparent electrode layer 
31 and the Substrate 30. 

0127 (Merits of the Embodiment) 
0128. According to the first embodiment, since a driving 
circuit substrate 100 and light emission Substrate 300 are 
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fabricated by Separate processes, the yield rate is improved. 
Since a manufacturing method is possible wherein, depend 
ing on the circumstances, the driving circuit Substrate 100 
and light emission substrate 300 can be manufactured 
respectively in Separate factories, or by different manufac 
turers, and then ultimately bonded together, this method is 
very advantageous in terms of reducing manufacturing 
COStS. 

0129. Moreover, according to the first embodiment, the 
light emitted from the light emission layer 35 is irradiated 
externally by means of the transparent electrode layer 31 and 
the Substrate 30. In other words, the whole of the Substrate 
30 is a display face, but Since it does not incorporate wires, 
and the like, which shield the light on the Substrate 30 side 
of the light emission layer 35, it is possible greatly to 
improve the aperture ratio of the light emission device. 
0.130. On the other hand, since the structure on the 
driving circuit substrate 100 side does not contribute to the 
aperture ratio, circuitry can be disposed acroSS the whole of 
the picture element regions. Therefore, it is possible to 
incorporate memory circuits and other types of circuits into 
the picture element regions, thereby increasing the perfor 
mance and added value of the display unit. Moreover, Since 
the organic EL is a current driven element, the driving 
current is also increased, in accordance with increase in the 
Size or fineness of the display unit. In this case, it is 
necessary to make the wiring thicker in width, but this 
problem can be resolved readily Since the wiring region can 
be determined freely. Moreover, it is also possible to use a 
transparent material for the driving circuit substrate. 
0131 The pitch between respective picture elements in 
the light emission device 1000 is determined by the pitch 
between the light emission layers 35 built into the light 
emission Substrate 30, and the positional accuracy when 
bonding together the driving circuit Substrate 100 and the EL 
substrate 30 does not affect the picture element pitch in any 
way. Therefore, even if a manufacturing method based on 
the bonding process according to the present embodiment is 
adopted, there is no decline in the accuracy of the picture 
element pitch in the light emission device 1000. 
0.132. In this way, according to the manufacturing method 
of the present embodiment, it is possible to manufacture a 
light emission device in a highly efficient manner. 
0.133 (Second Embodiment) 
0.134 Below, a second embodiment of the present inven 
tion is described with reference to the drawings. FIG. 8 to 
FIG. 10 illustrate a second embodiment of the present 
invention. FIG. 8 is a sectional view of a driving circuit 
substrate 600 prior to bonding, FIG. 9 is a sectional view of 
a light emission (EL) substrate 700 prior to bonding, and 
FIG. 10 is a sectional view of a light emission device 800 
being an organic EL display unit fabricated by laminating 
and bonding together the respective Substrates described 
above. 

0135) The concrete composition (materials) of the 
respective layers in the light emission device 800 relating to 
the present invention are similar to the first embodiment 
described above, and hence the following description will 
focus on the points of difference. 
0.136. As shown in FIG. 8, in the driving circuit substrate 
600, wire 61 for scan lines, signal lines, and the like, is 
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formed on the Surface of a Substrate 60 made from an 
insulating material, Such as Synthetic resin, or the like, in 
positions corresponding to the positions of the picture ele 
ments of a light emission device 800 that is to be fabricated 
Subsequently. Moreover, the surface of the wire 61 is cov 
ered by a protective thin film 62. A through hole 63 which 
exposes a portion of the wire 61 is opened in this protective 
thin film 62, and wire 64 and a picture element 65 are formed 
in Such a manner that they contact with a portion of the wire 
61 via the through hole 63. A particular feature of the present 
embodiment is that the substrate 60 is made from synthetic 
resin, or the like. 

0.137 The method of depositing the protective thin film 
62, the method of opening the through hole 63, and the 
method of patterning the wires 61, 64 and the picture 
element electrode 65, and the like, are Similar to those used 
in the first embodiment. In other words, commonly known 
film deposition methods and/or photolithography processes 
can be adopted. 

0138 Furthermore, a driving circuit 66 constituted by a 
thin film transistor, or the like, is provided for each picture 
element, or each plurality of picture elements, each driving 
circuit 66 being connected to the wire 64 and the picture 
element 65. Consequently, the driving circuit is connected to 
the Scan lines, Signal lines, and the like 61, and the picture 
elements 65, of the driving circuit substrate 600. 
0.139. The materials of each of the aforementioned layers 
and their method of manufacture are similar to those 
described in the first embodiment (FIG. 7: S10-S17), and 
description thereof is omitted here. 

0140. On the other hand, as illustrated in FIG. 9, in the 
light emission substrate 700, a transparent electrode layer 71 
is deposited across the whole surface of a base material 70 
formed by synthetic resin, or the like. Moreover, a positive 
hole injection layer 73, organic EL layer 74 and cathode 
layer 76 are layered, Successively, on the transparent elec 
trode layer 71 Side, in picture element forming regions 
which are mutually separated by banks 72 made of insulat 
ing material. A light emission layer 75 is constituted by the 
positive hole injection layer 73 and the organic EL layer 74. 
A particular characteristic of the present embodiment is that 
the base material 70 is made from synthetic resin. 
0141 Apart from this, the materials forming the trans 
parent electrode layer 71, positive hole injection layer 73, 
organic EL layer 74, and cathode layer 76, and their method 
of manufacture, are Similar to those of the first embodiment 
described above (FIG. 7: S20-S24), and hence description 
thereof is omitted here. 

0142. As shown in FIG.10, the light emission device 800 
relating to the present embodiment is constituted by taking 
a driving circuit substrate 600 as illustrated in FIG. 8 and a 
light emission Substrate 700 as illustrated in FIG. 9, and 
bonding these Substrates together in Such a manner that the 
side on which the picture elements 65 are formed and the 
side on which the cathode layers 76 are formed are facing 
inwards. Consequently, when bonding the Substrates 
together, it is necessary to register the driving circuit Sub 
strate 600 and the light emission substrate 700 in position, 
in Such a manner that the picture element electrodes 65 and 
cathode layers 76 become electrically connected. The pro 
ceSS for bonding the Substrates together is similar to that of 
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the first embodiment described above (FIG. 7: S30). More 
over, Similarly to the first embodiment, it is also possible to 
adopt processes whereby an adhesive is filled in between the 
Substrates, or an inert gas is Sealed therebetween, or a 
Vacuum is created therebetween, according to requirements 
(S7: S31). 
0.143 Here, it is also possible to use a light emission 
substrate 900 having the structure illustrated in FIG. 11, 
instead of the light emission substrate 700. In this light 
emission substrate 900, a transparent electrode layer 91 is 
formed on the whole Surface of a base material made form 
synthetic resin, or the like, and the base material 90 is then 
etched. The Substrate portions left by the etching process 
will serve as banks 92. A positive hole injection layer 93, 
organic EL layer 94, and cathode layer 96 are layered 
Successively onto the transparent cathode layer 91, in the 
picture element forming regions which are mutually Sepa 
rated by the banks 92, and a light emission layer 95 is 
constituted by the positive hole injection layer 93 and the 
organic EL layer 94. The materials and composition of each 
layer are similar to those of the first embodiment described 
above. In this modification example, the base material 90 is 
made from a material Such as Synthetic resin. 
0144) Furthermore, the driving circuit substrate 600 may 
also be manufactured by taking a transparent substrate 200 
made from glass, or the like, having the respective driving 
circuits 66 formed on the Surface thereof, as illustrated in 
FIG. 12, for example, and transferring Same to the driving 
circuit Substrate 600 by means of transfer technology. In 
other words, when this manufacturing method is used, a 
Separating layer 201 of amorphous Silicon, or the like, is 
previously deposited onto a transparent substrate 200 of 
glass, or the like, which forms the transfer Source Substrate, 
as illustrated in FIG. 12, and driving circuits 66 constituted 
by thin film transistors are deposited thereon, thereby form 
ing a plurality of transfer objects. This transparent Substrate 
200 and the driving circuit substrate 600 are mutually 
aligned and the thin film transistors in question are trans 
ferred to the driving circuit substrate 600, which is the 
transfer destination, by applying energy (irradiating light 
from the rear Side) at each region of a driving circuit 66, in 
the partial regions of the transparent substrate 200 corre 
sponding to the thin film transistors that are to be transferred. 
0145 According to this second embodiment, in addition 
to displaying the same benefits as those of the first embodi 
ment, a particular characteristic is obtained in that Synthetic 
resin, or the like, is used for both the base material 60 of the 
driving circuit substrate 600 and the base material 70 of the 
light emission substrate 700. A plastic film made from 
Synthetic resin of this kind has high expandability when heat 
is applied thereto, and it was considered to be unusable in the 
methods according to the prior art due to the difficulty of 
aligning masks when forming the organic EL layer. How 
ever, in the present invention, the pitch between the picture 
elements of the light emission device 800 is determined by 
the pitch of the light emission layer 75 built into the 
Substrate 70, and hence the positional accuracy achieved 
when layering together the base material 60 of the driving 
circuit Substrate 600 and the base material 70 of the light 
emission substrate 700 has no effect at all on the pitch of the 
picture elements. In other words, it is not necessary to use a 
Substrate of glass, or the like, of increased weight and low 
thermal expansivity, in order to perform positional align 
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ment at a very fine pitch between the two Substrates. 
Therefore, it is possible to use a Substrate of Synthetic resin, 
or the like, as in the present embodiment, and hence an 
inexpensive Substrate material can be Selected freely. 
0146 In this way, according to the method of manufac 
ture according to the present embodiment, it is possible to 
manufacture a light emission device 800 in a highly efficient 
manner, and as a result, a large and flexible display unit can 
be fabricated. 

0147 Moreover, according to this second embodiment, 
Since it is possible to laminate a plurality of thin film 
transistors 66, which are to be disposed at intervals on the 
driving circuit Substrate 600, collectively on a transparent 
Substrate 200, at the same time, then the amount of material 
used in manufacturing the thin film transistors can be 
comparatively reduced, the Surface area efficiency can be 
Significantly increased, and a driving circuit Substrate in 
which the circuitry and elements of a plurality of thin film 
transistors, or the like, are disposed in a dispersed fashion, 
can be manufactured efficiently and inexpensively. 

0148 Moreover, according to this second embodiment, it 
is possible to implement a method whereby a plurality of 
thin film transistorS fabricated collectively on a transparent 
Substrate 200 are categorized and rejected where necessary, 
prior to transfer, and consequently, product yield can be 
improved. 

0149 (Third Embodiment) 
0150. The third embodiment of the present invention is 
described with respect to a number of examples of electronic 
devices comprising the aforementioned EL element driving 
circuit, and organic EL display panel, which is an electro 
optical device constituted So as to allow active matrix 
driving of a light emission device driven by the aforemen 
tioned driving circuit. 
0151 (1: Mobile Computer) 
0152 Firstly, an example wherein an organic EL display 
panel relating to the third embodiment is applied to a mobile 
type personal computer will be described. FIG. 13 is an 
oblique view showing the composition of this personal 
computer. In FIG. 13, the personal computer 1100 is con 
stituted by a main unit 1104 equipped with a keyboard 1102, 
and a display unit 1106. The display unit 1106 comprises an 
organic EL display panel 1101. 

0153 (2: Portable Telephone) 
0154) Next, an example wherein an organic EL display 
panel is applied to the display Section of a portable telephone 
is described. FIG. 14 is an oblique view showing the 
composition of this portable telephone. In FIG. 14, the 
portable telephone 1200 comprises a plurality of operating 
buttons 1202, a receiving aperture 1204, a transmitting 
aperture 1206, and the aforementioned organic EL display 
panel 1201. 

O155 (3: Digital Still Camera) 
0156 Furthermore, a digital still camera is described 
wherein an organic EL display panel is used in the finder. 
FIG. 15 is an oblique diagram showing the composition of 
this digital Still camera, but this is a simplified illustration 
with respect to connections to external devices. 
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O157. A normal camera exposes a film to light by means 
of an optical image of a Subject, whereas a digital Still 
camera 1300 generates a photographic Signal by converting 
an optical image of a Subject electro-optically, by means of 
an imaging element, Such as a CCD (Charge Coupled 
Device), or the like. Here, the aforementioned organic EL 
display panel 1301 is provided on the rear face of the case 
1302 of the digital still camera 1300, images being displayed 
on the basis of the imaging signal from the CDD. Therefore, 
the organic EL display panel 1301 functions as a finder for 
displaying the subject. Moreover, a photoreceptor unit 1304 
comprising an optical lens, CDD, and the like, is provided 
on the observer side (the rear side in FIG. 15) of the case 
1302. 

0158 Here, the user checks the image of the subject 
displayed on the organic EL display panel 1301, and when 
he or she presses the shutter release button 1306, the 
photographic Signal from the CDD at that time is transferred 
and stored in a memory of the circuit board 1308. Further 
more, the display still camera 1300 is also provided with a 
Video signal output terminal 1312, and a data communica 
tions input/output terminal 1314, on the side of the case 
1302. As illustrated in FIG. 15, a television monitor 1430 
can be connected to the Video signal output terminal 1312, 
and a personal computer 1440 can be connected to the data 
communications input/output terminal 1314, according to 
requirements. Moreover, the photographic Signal Stored in 
the memory of the circuit board 1308 can be output to the 
television monitor or the personal computer 1440, by means 
of prescribed operations. 
0159) Other examples of electronic devices, in addition to 
the personal computer in FIG. 13, the portable telephone in 
FIG. 14, and the digital still camera in FIG. 15, include: a 
liquid crystal television, a viewfinder type or direct monitor 
View type Video tape recorder, a car navigation unit, a pager, 
an electronic notebook, a calculator, a word processor, a 
work Station, a television telephone, a POS terminal, a 
device equipped with a touch panels, and the like. NeedleSS 
to Say, the aforementioned display device can be used for the 
display unit in each of these various types of electronic 
devices. 

INDUSTRIAL APPLICABILITY 

0160 AS described above, according to the present 
invention, a light emission device is manufactured by bond 
ing together a driving circuit Substrate on which a driving 
circuit is disposed and a light emission Substrate on which 
light emission layers, and the like, are formed, and hence a 
merit is obtained in that the light emission device can be 
manufactured in a highly efficient manner. 
0.161 In particular, according to the present invention, it 
is possible to manufacture a large and flexible display unit. 

1. A light emission device comprising: 

a light emission Substrate constituted by interposing a 
light emission layer containing an EL layer in between 
an optically transmissive anode layer and a cathode 
layer; and 

a driving circuit Substrate on which a driving circuits for 
driving Said light emission layer is formed; 
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wherein the outputs of Said driving circuit is electrically 
connected to Said cathode layer, and means for pre 
venting oxidization of Said cathode layer is provided 
between Said light emission Substrate and Said driving 
circuit Substrate. 

2. The light emission device according to claim 1, wherein 
Said light emission layer is Superimposed partially or com 
pletely over Said driving circuit, when viewed from an 
approximately perpendicular direction to the Substrate plane. 

3. The light emission device according to claim 1 or 2, 
wherein Said means for preventing oxidization of Said cath 
ode layer is constituted by encapsulating an adhesive in 
between said light emission Substrate and Said driving circuit 
Substrate for hermetically Sealing Said cathode layer. 

4. The light emission device according to claim 1 or 2, 
wherein Said means for preventing oxidization of Said cath 
ode layer is constituted by encapsulating an inert gas in 
between said light emission Substrate and Said driving circuit 
Substrate for preventing oxidization of Said cathode layer. 

5. The light emission deice according to claim 1 or 2, 
wherein Said light emission layer comprises, at the least, a 
positive hole injection layer formed on Said anode layer Side, 
and Said EL layer formed on Said positive hole injection 
layer. 

6. The light emission device according to claim 1 or 2, 
wherein Said cathode layer comprises an exposure preven 
tion Structure which coverS Said light emission layer and 
prevents exposure of the end portions of the Substrate. 

7. The light emission device according to any one of 
claims 1 to 6, wherein Said driving circuit Substrate com 
prises electrodes which connect to said cathode layer and to 
which the output is Supplied. 

8. The light emission device according to claim 7, wherein 
Said electrodes and Said cathode layer are electrically con 
nected by means of an electrically conductive material. 

9. An electro-optical device comprising the light emission 
device according to any one of claims 1 to 8. 

10. An electronic device comprising the light emission 
device according to any one of claim 1 to 8. 

11. A method of manufacturing a light emission device 
comprising the Steps of: 

forming a light emission Substrate constituted by inter 
posing a light emission layer containing an EL layer in 
between an optically transmissive anode layer and a 
cathode layer; 

forming a driving circuit Substrate on which a driving 
circuit for driving Said light emission layer is formed; 

electrically connecting the output of Said driving circuit in 
Said driving circuit Substrate to Said cathode layer in 
Said light emission Substrate; and 

Sealing Said light emission Substrate and Said driving 
circuit Substrate together in Such a manner that oxi 
dization of Said cathode layer is prevented. 
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12. The method of manufacturing a light emission device 
according to claim 11, wherein, in the Step of forming Said 
driving circuit Substrate, when Said light emission Substrate 
and Said driving circuit Substrate are connected, a portion or 
the entirety of Said driving circuit in Said driving circuit 
Substrate is Superimposed with Said light emission Substrate 
in Said light emission Substrate, when viewed from an 
approximately perpendicular direction to the Substrate plane. 

13. The method of manufacturing a light emission device 
according to claim 11 or 12, wherein, in Said Sealing Step, an 
adhesive which hermetically seals said cathode layer is filled 
in between light emission SubStrate and Said driving circuit 
Substrate. 

14. The method of manufacturing a light emission device 
according to claim 11 or 12, wherein, in Said Sealing Step, an 
inert gas which prevents oxidization of Said cathode layer is 
encapsulated in between Said light emission Substrate and 
Said driving circuit Substrate. 

15. The method of manufacturing a light emission device 
according to claim 11 or 12, wherein Said Step of forming 
Said light emission Substrate comprises, at the least, a step of 
forming a positive hole injection layer on Said anode layer 
Side, and a step of forming Said EL layer on Said positive 
hole injection layer. 

16. The method of manufacturing a light emission device 
according to claim 11 or 12, wherein, in Said Step of forming 
Said light emission Substrate, Said cathode layer is formed in 
an exposure preventing shape which coverS Said light emis 
Sion layer and prevents exposure of the end portions of the 
Substrate. 

17. The method of manufacturing a light emission device 
according to claim 11 or 12, wherein, in Said Step of forming 
Said driving circuit Substrate, electrodes are formed, which 
connect to Said cathode layer and to which the output of Said 
driving circuit is Supplied. 

18. The method of manufacturing a light emission device 
according to claim 17, wherein, in Said Step of connecting 
Said light emission Substrate and Said driving circuit Sub 
Strate, Said electrodes and Said cathode layer are electrically 
connected by means of an electrically conductive material. 

19. A light emission device, being a display unit using 
organic EL elements in a display Section, formed by respec 
tively preparing a driving circuit Substrate incorporating a 
driving circuit for Said organic EL element, and an EL 
Substrate incorporating Said organic EL element, and bond 
ing Said Substrates together. 

20. A method of manufacturing a light emission device 
wherein a driving circuit Substrate incorporating driving 
circuits for an organic EL element, and an EL Substrate 
incorporating Said organic EL element, are bonded together. 


