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(57) ABSTRACT 

An organic EL display unit is manufactured in an ef?cient 
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 ?lm 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 ef?ciency 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 ?lm 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-?lm 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 ?lm 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 ?lm 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 ?nely 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 ?lm 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 
dif?cult 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 
ef?ciency is not affected by the siZe or con?guration 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 satis?es 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 ?eld, 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 speci?cally, 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 ?lm 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. 

[0014] 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. 

[0015] 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 ef?ciency 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. 

[0017] Here, for example, means for preventing oxidiZa 
tion of the cathode layer is constituted by introducing an 

Jul. 24, 2003 

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 ef?ciency by supplying positive holes from the anode 
layer, ef?ciently, 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 ?lm. 

[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 






















