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(54) Organic light-emitting device capable of high-quality display

(57)  The object of the present invention is to provide
an organic light emitting device which can be operated
at a low voltage, and when such elements are used in
a display panel, a light-emitting surface which can emit
light uniformly over an entire display panel can be ob-
tained when the conditions are maintained the same.
The organic light-emitting device of the present inven-

tion includes a substrate (1) having a light transmitting
property in a visible range, a first electrode (2) having a
light transmitting property in a visible range, and formed
on the substrate (1), a layer (3, 4) formed on the first
electrode (2), and configured to emit light by recombi-
nation of excitons each made of a pair of a positive hole
and electron injected thereto, and a second electrode
(5) containing erbium and formed on the layer.
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Description

[0001] The presentinvention relates to a cathode ma-
terial of an organic light-emitting device and its struc-
ture, and more specifically, to an erbium electrode hav-
ing characteristics of such a low work function that can
enhance the efficiency of electron injection to an organic
thin film, and a structure which can lower its contact re-
sistance.

[0002] As a man-machine interface of the recent in-
formation society, light-weight and compact flat display
panels have become the focus of attention. The most
popular device now used is the liquid crystal display, and
its market share has now grown greater than that of the
conventional CRT (cathode ray tube). However, the lig-
uid crystal display now used is of a non-emissive type,
and it cannot be monitored without external light. Under
these circumstances, there is a great demand for devel-
opment of a new type of display which is of an emissive
type and whose total power consumption of the system
is lower than that of a backlit liquid crystal display.
[0003] At present, much attention is being paid to the
organic electro-luminescent device, that is, organic
light-emitting device, as a device which can overcome
the above-described drawbacks in the non-emissive
type of the conventional liquid crystal display, which has
superior characteristics to those of conventional liquid
crystal displays.

[0004] In connection with the above, there have been
reports regarding the organic light-emitting device. The
first example is a report on an organic light-emitting de-
vice having the characteristics of high brightness, low
driving voltage, small size, high efficiency, etc., pub-
lished by C.W. Tang and S.A. VanSlyke in a magazine
"Applied Physics Letters" in 1987 (C.W. Tang and S.A.
VanSlyke: Applied Physics Letters, 51(12), PP. 913-915
(1987)). This publication was an epoch-making report
on a device which improved the efficiency of the device
by more than ten times that of the conventional organic
light-emitting device, and such characteristics were
achieved with a film formed of an organic dye, which can
easily give rise to an amorphous film, by vacuum depo-
sition, followed by making it extremely thin. According
to this report, an external quantum efficiency of 1%, a
visible light-emission efficiency of 1.51 m/W and a
brightness of 1000 cd/m?2 were realized at a drive volt-
age of 10V or less. Further, a magnesium/silver alloy,
which has a relatively small work function, was used as
the cathode, in order to lower the voltage. At present,
more than 10 years have passed since the publication
of this report, and along with time, the efficiency of the
organic light-emitting device has been improved further,
and the lifetime of the element has been improved. In
addition, the matrix panels are presently commercially
available on the market.

[0005] The second example is a report published by
C.W. Tang, S.A. VanSlyke and C.H. Chen, on an im-
provement of the light-emitting efficiency, which was
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achieved by mixing a dye having a high fluorescent
quantum efficiency, such as a coumarin dye or a pyran
derivative, into a light-emitting layer (C.W. Tang, S.A.
VanSlyke and C.H. Chen: Journal of Applied Physics,
65(9), PP. 3610-3616 (1989)).

[0006] The third example is a report published by H.
Nakada and T. Tohma on the formation of a high-effi-
ciency organic electric field light-emitting device. In this
publication, it is reported that a light-emission efficiency
of 121 m/W and a brightness of 100,000 cd/m2 could be
achieved when a Quinacridone derivative having a high
fluorescent quantum efficiency was mixed into the light-
emitting layer and an aluminum alloy containing lithium
having a small work function was used as the cathode
(H. Nakada and T. Tohma: Inorganic and Organic Elec-
troluminescence (EL96 Berlin), (Edited by R.H. Mauch
and H.-E. Gumlich) PP. 385-390 (1996)).

[0007] Here, it should be noted that the organic light-
emitting device is of a type in which an organic film is
impregnated with electrons and holes so as to create
excitons, each of which is a pair of an electron and a
hole, and light is emitted by recombination of an elec-
tron-hole pair. Therefore, the light-emission intensity of
the organic light-emitting device is proportional to the
amount of impregnated electrons and holes. Due to this
characteristic, in order to realize a high-efficiency organ-
ic light-emitting device, it is necessary to apply a large
electrical current at a low voltage into the device. There-
fore, the use of a metal which can easily release elec-
trons even at a low voltage, that is, having a low work
function, is very effective.

[0008] However, low-work function metals, for exam-
ple, an aluminum alloy containing lithium, are, in gener-
al, atmospherically unstable, as they are easily oxidized.
For this reason, when such a metal is used for the or-
ganic light-emitting device, the device deteriorates
quickly, which is undesirable. Under these circumstanc-
es, there has been a demand for development of a more
stable cathode, together with an improved structure
thereof.

[0009] The fourth example is a report published by T.
Wakimoto, Y. Fukuda, K. Nagayama, A. Yokoi, H. Na-
kada and M. Tsuchida on a solution to the above-de-
scribed problem, that is, manufacture of a stable organic
light-emitting device. This was achieved by forming an
extremely thin film of 1 nm or less, made of an oxide of
a low work function metal such as lithium or cesium, as
the cathode, on an organic layer, and then evaporating
an aluminum electrode on the thin film (T. Wakimoto, Y.
Fukuda, K. Nagayama, A. Yokoi, H. Nakada and M.
Tsuchida: IEEEE Transaction on Electron Devices, 44
(8), PP. 1245/1248 (1997)). It is stated in the fourth re-
port that, with the above-described structure, it is pos-
sible to manufacture an organic light-emitting device ex-
hibiting an excellent reproducibility and having a high
efficiency.

[0010] There is further a report published by L.S.
Hung, C.W. Tang and M.G. Mason, on a high-efficiency
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organic light-emitting device. This has a structure in
which a fluoride layer of an extremely thin lithium film
having a thickness of 1 nm or less is formed between
an organic layer and an aluminum cathode layer (L.S.
Hung, C.W. Tang and M.G. Mason: Applied Physics Let-
ters, 70(2), PP. 153-154 (1997).

[0011] However, in the device discussed in the above
report, insulator layers such as an oxide layer and a flu-
oride layer are formed extremely thin, and therefore due
to a slight variation in thickness of these insulator layers,
the drive voltage is increased or the non-light emitting
portion is enlarged, which is undesirable. Thus, due to
the variation in thickness of each insulator layer, the
characteristics of the organic light-emitting device dra-
matically change. For this reason, especially in the case
where an organic light-emitting device is manufactured
on alarge substrate, itis extremely important to maintain
a uniform thickness of each insulator layer. In order to
achieve this, it is further necessary to solve the draw-
backs entailed in the manufacturing steps of the con-
ventional technique.

[0012] The presentinvention has been achieved as a
solution to the above-described drawbacks entailed in
the conventionally used cathode materials, and the ob-
ject thereof is to provide an electrode structure for an
organic light-emitting device which can display a high-
quality image at a low voltage on a uniform light-emitting
surface without using insulator intermediate layers such
as extremely thin oxide layer and fluoride layer.

[0013] According to an aspect of the present inven-
tion, there is provided an organic light-emitting device
including a substrate having a light transmitting property
in a visible range, such as glass, quartz or resin; a first
electrode having a light transmitting property in a visible
range, formed on the substrate; a first organic layer hav-
ing a positive hole transporting property, formed on the
first electrode; a second organic layer having a positive
hole transporting property and a light-emitting property
and partially containing a metal element diffused
throughout at least a part of the second organic layer,
formed on the first organic layer; and a second electrode
containing erbium, formed on the second organic layer.
[0014] According to another aspect of the present in-
vention, there is provided an organic light-emitting de-
vice including: a substrate having a light transmitting
property in a visible range, such as glass, quartz or res-
in; a first electrode having a light transmitting property
in a visible range, formed on the substrate; afirst organic
layer having a positive hole transporting property,
formed on the first electrode; a second organic layer
having a positive hole transporting property and a light-
emitting property and partially containing a metal ele-
ment diffused throughout at least a part of the second
organic layer, formed on the first organic layer; and a
cathode having a two-layer structure including a second
layer containing erbium and a third conductive layer.
[0015] According to still another aspect of the present
invention, there is provided an organic light-emitting de-
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vice characterized by comprising: a substrate having a
light transmitting property in a visible range, such as
glass, quartz or resin; a first electrode having a light
transmitting property in a visible range, formed on the
substrate; a first organic layer having a positive hole
transporting property, formed on the first electrode; a
second organic layer having a positive hole transporting
property and a light-emitting property, formed on the first
organic layer; and a cathode having a three-layer struc-
ture including a second electrode layer containing er-
bium, a third diffusion barrier electrode and a conductive
electrode.

[0016] According to still another aspect of the present
invention, there is provided an organic light-emitting de-
vice characterized by comprising: a substrate having a
light transmitting property in a visible range, such as
glass, quartz or resin; a first electrode having a light
transmitting property in a visible range, formed on the
substrate; a first organic layer having a positive hole
transporting property, formed on the first electrode; a
second organic layer having a positive hole transporting
property and a

light-emitting property, formed on the first organic layer;
a super-thin insulating film having a thickness of 0.1 nm
to 2 nm, formed on the second organic layer; and a cath-
ode having a two-layer structure including a second
electrode containing erbium and a third conductive elec-
trode, or a cathode of a three-layer structure including
a second electrode layer containing erbium, a third dif-
fusion barrier electrode and a fourth conductive elec-
trode.

[0017] According to still another aspect of the present
invention, there is provided an organic light-emitting de-
vice characterized by comprising: a substrate having a
light transmitting property in a visible range, such as
glass, quartz or resin; a first electrode having a light
transmitting property in a visible range, formed on the
substrate; a first organic layer having a positive hole
transporting property, formed on the first electrode; a
second organic layer having an electron transporting
property and a light-emitting property, partially contain-
ing erbium diffused throughout at least a part of the sec-
ond organic layer and formed on the first organic layer;
and a cathode of a second electrode formed on the sec-
ond organic layer.

[0018] According to still another aspect of the present
invention, there is provided an organic light-emitting de-
vice characterized by comprising: a substrate having a
light transmitting property in a visible range; a first elec-
trode having a light transmitting property in a visible
range, formed on the substrate; a layer formed on the
first electrode, and configured to generate light by re-
combination of excitons each made of a pair of a positive
hole and electron injected thereto; and a second elec-
trode containing erbium, formed on the layer.

[0019] According to still another aspect of the present
invention, there is provided an organic light-emitting de-
vice characterized by comprising: a substrate having a
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light transmitting property in a visible range; a first elec-
trode having a light transmitting property in a visible
range, formed on the substrate; a first organic layer hav-
ing a positive hole transporting property, formed on the
first electrode; a second organic layer having an elec-
tron transporting property and light generating property,
and formed on the layer; and a second electrode con-
taining ErF5, formed on the second organic layer.
[0020] According to still another aspect of the present
invention, there is provided an organic light-emitting de-
vice flat panel display characterized by comprising: plu-
rality of organic electric filed light-emitting devices de-
scribed above, arranged in such a manner that light
emission of each of the organic light-emitting device is
controlled independently.

[0021] This summary of the invention does not nec-
essarily describe all necessary features so that the in-
vention may also be a sub-combination of these de-
scribed features.

[0022] The invention can be more fully understood
from the following detailed description when taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a cross sectional view of the electrode
structure for an organic light-emitting device ac-
cording to the first embodiment of the present in-
vention;

FIG. 2 is a cross sectional view of the electrode
structure for an organic light-emitting device ac-
cording to the second embodiment of the present
invention;

FIG. 3 is a cross sectional view of the electrode
structure for an organic light-emitting device ac-
cording to the third embodiment of the present in-
vention;

FIG. 4 is a cross sectional view of the electrode
structure for an organic light-emitting device ac-
cording to the fourth embodiment of the present in-
vention;

FIG. 5 is a cross sectional view of the electrode
structure for an organic light-emitting device ac-
cording to the fifth embodiment of the present in-
vention;

FIG. 6 is a graph illustrating the characteristics of
current density and applied voltage of the light-emit-
ting device according to the first embodiment of the
present invention;

FIG. 7 is a graph illustrating the characteristics of
the brightness of emitted light and current density
of the light-emitting device according to the first em-
bodiment of the present invention;

FIG. 8 is a graph illustrating the characteristics of
current density and applied voltage of the light-emit-
ting device according to the second embodiment of
the present invention in which ErF5 is used;

FIG. 9 is a graph illustrating the characteristics of
the brightness of light emitted and current density
of the light-emitting device according to the second
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embodiment of the present invention in which ErF5
is used;

FIG. 10 is a graph illustrating the relationship be-
tween the thickness and voltage necessary for light
emission in the second embodiment of the present
invention in which ErFj is used; and

FIG. 11 is a perspective and schematic diagram
showing the internal structure of the electric field
light-emitting device flat panel display according to
the present invention.

[0023] Embodiments of the present invention will now
be described in detail with reference to accompanying
drawings. The following embodiments are descriptions
of practical examples of the present invention, which are
designed to illustrate the general principle of the present
invention with drawings. Therefore, the present inven-
tion is not limited to the specific structures of the follow-
ing descriptions and accompanying drawings provided
herein.

[0024] FIG. 1 is a diagram showing the first embodi-
ment of the organic light-emitting device according to
the present invention. As shown in FIG. 1, the organic
light-emitting device of this embodiment has a structure
in which a first electrode 2 made of an electrode material
which is light transmitting in a visible range, such as ITO
(indium tin oxide), is formed on one side of a transparent
substrate 1 made of, for example, glass, quartz or resin.
The first electrode 2 is formed to have a thickness of,
for example, about 100 nm, and a shape of stripes (not
illustrated in the figure) at a predetermined pitch (for ex-
ample, at a pitch of several tens to several hundreds
micrometers (um)), although itis not limited to this struc-
ture.

[0025] On the surface of the first electrode 2, a posi-
tive hole transport thin film 3 having a thickness of about
50 nm and made of a positive hole transport thin film
material and an electron transport light-emitting thin film
4 having a thickness of about 50 nm and made of an
electron transport light-emitting thin film material are
formed in lamination. Further, on the surface of the elec-
tron transport light-emitting thin film 4, a second elec-
trode 5 made of erbium, which is a trivalent rare-earth
metal element, is formed to have an appropriate thick-
ness, that is, 50 nm to 200 nm, and to have a stripe
shape (not illustrated) at a predetermined pitch in a di-
rection facing and normally crossing with the first elec-
trode 2. Erbium, which is a heavy metal element, has a
high work function (3.2 eV) as compared to that of lithi-
um (2.9 eV) or cesium (2.2 eV), which is a low work func-
tion material of light metals which have been researched
and developed mainly as an electron injection electrode
material for the conventional organic light-emitting de-
vice. In the course of completing the present invention,
the inventors have found that it is possible, with use of
erbium, in spite of its high work function property, to ob-
tain an electric property (see FIG. 6) and a light-emitting
property (see FIG. 7) that are as good as the cases
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where lithium and cesium are employed, and are suffi-
cient in practical use. In addition, erbium is stable in the
atmosphere as compared to lithium or cesium, and
therefore it can be easily handled. It should be noted
that the second electrode, not only in this embodiment,
but also in the other ones, which will be later described,
may be made of an alloy of erbium and some other el-
ement such as aluminum or silver in accordance with
necessity, in addition to the case where erbium is used
solely as a single element.

[0026] Here, examples of the positive hole transport
thin film material 3 are a triphenylamine derivative (such
as TPD), a hydrazone derivative and arylamine deriva-
tive. Examples of the electron transport light-emitting
thin film material are an alumiquinolinol complex (Algs),
an oxadiazole derivative, a benzoxazolthiophen deriva-
tive, a perylene derivative and a phenanthroline deriva-
tive. Apart from the above, more than one thousand
types are known as materials which can be selected as
the positive hole transport thin film material and the elec-
tron transport light-emitting thin film material.

[0027] Withregard to the required function of the light-
emitting material, it suffices if the material is capable of
generating light by, in any way, recombination of exci-
tons which are pairs of positive holes and electrons in-
jected to the layer. More specifically, materials having
the positive hole transport function, the electron trans-
port function, both the light-emitting function and bipolar
(positive hole and electron) transport function, a combi-
nation of these polarities generating light, the light-emit-
ting and electron transport function, the light-emitting
and positive hole transport function, and the bipolar
transport and light-emitting function can be used in ac-
cordance with necessity. Further, there are multifunction
and versatile materials each having by itself a variety of
functions mentioned above, and they can be selected
in accordance with the situation.

[0028] An organic light-emitting device according to
the technology of this embodiment can be manufac-
tured, for example, in the following manner.

[0029] First, a first electrode material 2 is formed on
a completely cleaned substrate 1, and then a positive
hole transport thin film material and an electron trans-
port light-emitting thin film material are further laminated
thereon. Thus formed positive hole transport thin film 3
and electron transport light-emitting thin film 4 are de-
scribed to be laminated thin film; however in practice, a
laminate structure having either one of the positive hole
transport function, the electron transport function and
the light-emitting function, or two or more of these func-
tions, may be used as the structure which falls within the
scope of the present invention. Alternatively, it is possi-
ble that, after formation of the electron transport light-
emitting thin film 4, a metal element such as erbium or
praseodymium is diffused in this thin film 4 from its sur-
face by an appropriate method, thereby forming an elec-
tron transport light-emitting thin film 4 partially contain-
ing a metal element diffused throughout at least a part

10

15

20

25

30

35

40

45

50

55

of said second organic layer.

[0030] For the formation of thin films of the positive
hole transport thin film material and the electron trans-
port light-emitting thin film material, various methods
can be used such as a vacuum deposition method which
mainly handles low-molecular organic materials, a spin
coat method and a cast method, which mainly handle
high-molecular materials. All of these methods can be
applied to the manufacture of the organic light-emitting
device of the present invention.

[0031] Subsequent to the formation of a light-emitting
layer, the second electrode 5 is formed of erbium. Here,
it is preferable that the thickness of the second element
5 should be about 50 nm to 200 nm. Although it is not
limited to this, the second electrode 5 may be formed to
have a stripe shape (not illustrated) at a predetermined
pitch in such a direction that it faces the first electrode
2 and normally crosses therewith. For formation of the
second electrode 5, a mask evaporation is generally
used, and the evaporation is performed from the vertical
direction while covering the unnecessary portion for the
electrode. Further, when it is necessary to form a micro-
structure, a lithography method may be used to form a
desired pattern.

[0032] After formation of the second electrode 5, a
protection layer (not shown) is laminated fittingly there-
on. The protection layer is made of, for example, a resin
of phenol or epoxy, and it serves to protect the positive
hole transport film 3, the electron transport light-emitting
thin film 4 and the second electrode 5 from outside air.
An alternative way to shut the organic light-emitting de-
vice from outside air, it is possible that the substrate 1,
a sealing can, and glass or resin are bonded together
and then an inert gas such as nitrogen or argon is sealed
therein.

[0033] An example of the deposition step will now be
briefly described. That is, the positive hole transport film
3, the electron transport light-emitting thin film 4 and the
second electrode 5 are formed at vacuum pressure of
1 X 10-5 Torr and a deposition rate of 1 nm/sec. It should
be noted here that the positive hole transport film 3 and
the electron transport light-emitting thin film 4 may be
formed by way of some other thin film forming technol-
ogy than the deposition, such as the spin coat method.
Further, the second electrode 5 may be formed by way
of some other vacuum thin film forming technology than
the evaporation, such as sputtering.

[0034] FIG. 2 is a diagram showing the organic light-
emitting device according to the second embodiment of
the present invention. This embodiment is similar to the
first embodiment except that, for example, a conductive
layer having a conductivity higher than that of erbium is
additionally formed on the erbium-containing layer of the
second electrode 2. For the formation of the erbium-con-
taining layer, it is possible to use Er only, or a compound
containing erbium, for example, in the form of ErF5. The
organic light-emitting device according to this embodi-
ment has a structure shown in FIG. 2, in which a first
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electrode 2 made of an electrode material which is light
transmitting in a visible range, such as ITO, is formed
on one side of a transparent substrate 1 made of, for
example, glass, quartz or resin. The first electrode 2 is
formed to have a thickness of, for example, about 100
nm, and a shape of stripes (not illustrated in the figure)
at a predetermined pitch, for example, at a pitch of sev-
eral tens to several hundreds micrometers (um). On the
surface of the first electrode 2, a positive hole transport
thin film 3 having a thickness of about 50 nm and made
of a positive hole transport thin film material and an elec-
tron transport light-emitting thin film 4 having a thickness
of about 50 nm and made of an electron transport light-
emitting thin film material are formed in lamination. Fur-
ther, on the surface of the electron transport light-emit-
ting thin film 4, a second electrode 5 made of erbium or
a layer containing erbium in the form of, for example,
ErF,, is formed to have an appropriate thickness, desir-
ably, 1 nm to 200 nm, and to have a stripe shape (not
illustrated) at a predetermined pitch in a direction facing
and normally crossing with the first electrode 2. Then,
on the surface of the electrode 5 made of erbium, an
electrode containing, for example, Al or Ag, which has
a high conductivity, is laminated.

[0035] An organic light-emitting device according to
the technology of this embodiment can be manufac-
tured, for example, in the following manner.

[0036] First, a positive hole transport thin film 3 and
an electron transport light-emitting thin film 4 are formed
in the same manner as in the first embodiment, and then
the electrode 5 made of erbium is formed. This electrode
5 should be formed to have an appropriate thickness,
desirably, 1 nm to 200 nm, and to have a stripe shape
(not illustrated) at a predetermined pitch in a direction
facing and normally crossing with the first electrode 2.
The electrode 5 made of erbium can be formed gener-
ally by a mask deposition method. Here, the evaporation
is performed from the vertical direction to evaporate the
electrode material while covering the unnecessary por-
tion for the electrode with a mask.

[0037] Subsequently, the electrode 6 having a high
conductivity is formed on the surface of the erbium-
made electrode 5. Examples of the material usable for
this electrode 6 are conductive metals such as alumi-
num, gold, copper and chromium and conductive high
polymers such as polyanilline and polypyrrol. With the
electrode 6 having a high conductivity provided, it be-
comes possible to reduce the electric resistance on the
cathode side, and therefore to improve the light-emitting
property. Then, in accordance with necessity, a protec-
tion layer (not shown) is laminated fittingly thereon. The
protection layer is made of, for example, a resin of phe-
nol or epoxy, and it serves to protect the positive hole
transport film 3, the electron transport light-emitting thin
film 4, the erbium-made electrode 5 and the conductive
electrode 6 from outside air. As an alternative way to
shut the organic electric field light-emitting device from
outside air, it is possible that the substrate 1, a sealing
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can, and glass or resin are bonded together and then
an inert gas such as nitrogen or argon is sealed therein.
[0038] An example of the evaporation step will now
be briefly described. That is, the positive hole transport
film 3, the electron transport light-emitting thin film 4 and
the erbium-made electrode 5 are formed at vacuum
pressure of 1 X 10-® Torr and an evaporation rate of 1
nm/sec. It should be noted here that the positive hole
transport film 3 and the electron transport light-emitting
thin film 4 may be formed by way of some other thin film
forming technology than the evaporation, such as the
spin coat method. Further, the erbium-made electrode
5 and the conductive electrode 6 may be formed by way
of some other vacuum thin film forming technology than
the evaporation, such as sputtering.

[0039] FIG. 3 is a diagram showing the organic light-
emitting device according to the third embodiment of the
present invention. This embodiment is similar to the first
embodiment except that a diffusion barrier layer are ad-
ditionally formed on the erbium-containing layer of the
second electrode 2. The organic light-emitting device
according to this embodiment has a structure shown in
FIG. 3, in which a first electrode 2 made of an electrode
material which is light transmitting in a visible range,
such as ITO (indium tin oxide), is formed on one side of
a transparent substrate 1 made of, for example, glass,
quartz or resin. The first electrode 2 is formed to have
a thickness of, for example, about 100 nm, and a shape
of stripes (notillustrated in the figure) at a predetermined
pitch, for example, at a pitch of several tens to several
hundreds micrometers (um).

[0040] On the surface of the first electrode 2, a posi-
tive hole transport thin film 3 having a thickness of about
50 nm and made of a positive hole transport thin film
material and an electron transport light-emitting thin film
4 having a thickness of about 50 nm and made of an
electron transport light-emitting thin film material are
formed in lamination. Further, on the surface of the elec-
tron transport light-emitting thin film 4, a second elec-
trode 5 made of erbium is formed to have an appropriate
thickness, desirably, 1 nm to 200 nm, and to have a
stripe shape (not illustrated) at a predetermined pitch in
a direction facing and normally crossing with the first
electrode 2. Then, on the surface of the electrode 5
made of erbium, an electrode 7 made of a diffusion bar-
rier layer having such a function of preventing the diffu-
sion of substances which constitute a high-conductivity
layer 6 formed at the surface as shown in FIG. 3, to the
erbium-made electrode 5 and to the electron transport
light-emitting thin film 4, is laminated. Further, on the
surface of the diffusion barrier layer, the already-men-
tioned high-conductivity layer 6 is laminated.

[0041] An organic light-emitting device according to
the technology of this embodiment can be manufac-
tured, for example, in the following manner.

[0042] First, a positive hole transport thin film 3 and
an electron transport light-emitting thin film 4 are formed
in the same manner as in the first and second embodi-
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ments, and then the electrode 5 made of erbium is
formed. It is desirable that this electrode should be
formed to have a thickness of 1 nm to 200 nm, and to
have a stripe shape (not illustrated) at a predetermined
pitch in a direction facing and normally crossing with the
first electrode 2. The electrode 5 made of erbium can
be formed generally by a mask evaporation method.
Here, the evaporation is performed from the vertical di-
rection to evaporate the electrode material while cover-
ing the unnecessary portion for the electrode with a
mask. Then, a diffusion barrier electrode 7 is formed on
the surface of the electrode 5. Usable examples of the
material for the diffusion barrier electrode are titanium,
titanium nitride, titanium tungsten, etc. The thickness of
the diffusion barrier electrode should preferably be, 5 to
100 nm, and more preferably, it should be 15 to 25 nm.
[0043] Subsequently, the electrode 6 having a con-
ductivity is formed on the surface of the diffusion barrier
electrode 7. Examples of the material usable for this
electrode 6 are conductive metals such as aluminum,
gold, copper and chromium and conductive high poly-
mers such as polyanilline and polypyrrol. Then, in ac-
cordance with necessity, a protection layer (not shown)
is laminated fittingly thereon. The protection layer is
made of, for example, a resin of phenol or epoxy, and it
serves to protect the positive hole transport film 3, the
electron transport light-emitting thin film 4, the erbium-
made electrode 5 which gives rise to the second elec-
trode, the diffusion barrier electrode 7 and the conduc-
tive electrode 6 from outside air.

[0044] As an alternative way to shut the organic light-
emitting device from outside air, it is possible that the
substrate 1, a sealing can, and glass or resin are bonded
together and then an inert gas such as nitrogen or argon
is sealed therein.

[0045] An example of the evaporation step will now
be briefly described. That is, the positive hole transport
film 3, the electron transport light-emitting thin film 4 and
the erbium-made electrode 5 are formed at vacuum
pressure of 1 X 10-% Torr and an evaporation rate of 1
nm/sec. It should be noted here that the positive hole
transport film 3 and the electron transport light-emitting
thin film 4 may be formed by way of some other thin film
forming technology than the evaporation, such as the
spin coat method. Further, the erbium-made electrode
5, the diffusion barrier electrode and the conductive
electrode 6 may be formed by way of some other vacu-
um thin film forming technology than the evaporation,
such as sputtering.

[0046] FIG. 4 is a diagram showing the organic light-
emitting device according to the fourth embodiment of
the present invention. This embodiment is similar to the
first to third embodiments in structure, except that an
extremely thin insulating film is additionally formed on
the organic layer having properties of electron transpor-
tation and light emission. The organic light-emitting de-
vice according to this embodiment has a structure
shown in FIG. 4, in which a first electrode 2 made of an
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electrode material which is light transmitting in a visible
range, such as ITO (indium tin oxide), is formed on one
side of a transparent substrate 1 made of, for example,
glass, quartz or resin. The first electrode 2 is formed to
have a thickness of, for example, about 100 nm, and a
shape of stripes (not illustrated in the figure) at a prede-
termined pitch, for example, at a pitch of several tens to
several hundreds micrometers (um).

[0047] On the surface of the first electrode 2, a posi-
tive hole transport thin film 3 having a thickness of about
50 nm and made of a positive hole transport thin film
material and an electron transport light-emitting thin film
4 having a thickness of about 50 nm and made of an
electron transport light-emitting thin film material are
formed in lamination. Further, on the surface of the elec-
tron transport light-emitting thin film 4, a super-thin in-
sulating layer having a function as an electron injection
buffer layer, and having a thickness of, for example, 0.1
to 2 nm or more preferably 0.1 to 1 nm, is formed. After
that, a second electrode 5 made of erbium is formed to
have an appropriate thickness, desirably, 1 nm to 200
nm, and to have a stripe shape (not illustrated) at a pre-
determined pitch in a direction facing and normally
crossing with the first electrode 2. Then, on the surface
of the electrode 5 made of erbium, an electrode having
a high conductivity is laminated. Here, alternatively, it is
possible to laminate an electrode having a conductivity
on the surface of the erbium-made electrode 5. Or it is
also possible that a diffusion barrier electrode is lami-
nated on the surface of the erbium-made electrode 5
and a conductive electrode is further laminated on the
surface of the diffusion barrier electrode.

[0048] An organic light-emitting device according to
the technology of this embodiment can be manufac-
tured, for example, in the following manner.

[0049] First, a positive hole transport thin film 3 and
an electron transport light-emitting thin film 4 are formed
in the same manner as in the first and second embodi-
ments, and then the insulating super-thin film is formed
thereon by, for example, an evaporation method. Usable
examples of the material for the insulating super-thin
film are oxides or fluorides of erbium, lithium and cesi-
um.

[0050] Next, an electrode 5 made of erbium is formed.
This electrode 5 should be formed to have an appropri-
ate thickness, desirably, 1 nm to 200 nm, and to have a
stripe shape (not illustrated) at a predetermined pitch in
a direction facing and normally crossing with the first
electrode 2. The electrode 5 made of erbium can be
formed generally by a mask evaporation method. Here,
the evaporation is performed from the vertical direction
to evaporate the electrode material while covering the
unnecessary portion for the electrode with a mask.
[0051] Alternatively, a conductive electrode may be
formed on the surface of the erbium-made electrode 5.
Examples of the material usable for this electrode 6 are
conductive metals such as aluminum, gold, copper and
chromium and conductive high polymers such as poly-
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anilline and polypyrrol.

[0052] Or it is also possible that a diffusion barrier
electrode is formed on the surface of the erbium-made
electrode 5. Usable examples of the material for the dif-
fusion barrier electrode are titanium, titanium nitride, ti-
tanium tungsten, etc. In this case, a conductive elec-
trode should be formed on the surface of the diffusion
barrier electrode. Examples of the material usable for
this electrode are conductive metals such as aluminum,
gold, copper and chromium and conductive high poly-
mers such as polyanilline and polypyrrol.

[0053] Then, a protection layer (not shown) is lami-
nated fittingly thereon. The protection layer is made of,
for example, a resin of phenol or epoxy, and it serves to
protect the positive hole transport film 3, the electron
transport light-emitting thin film 4, the erbium-made
electrode, the diffusion barrier electrode and the con-
ductive electrode from outside air. As an alternative way
to shut the organic light-emitting device from outside air,
it is possible that the substrate 1, a sealing can, and
glass or resin are bonded together and then an inert gas
such as nitrogen or argon is sealed therein.

[0054] The deposition conditions for the formation of
the films will now be briefly described. That is, the pos-
itive hole transport film 3, the electron transport light-
emitting thin film 4 and the erbium-made electrode 5 are
formed at vacuum pressure of 1 X 105 Torr and a dep-
osition rate of 1 nm/sec. It should be noted here that the
positive hole transport film 3 and the electron transport
light-emitting thin film 4 may be formed by way of some
other thin film forming technology than the evaporation,
such as the spin coat method. Further, the erbium-made
electrode 5, the diffusion barrier electrode and the con-
ductive electrode may be formed by way of some other
vacuum thin film forming technology than the evapora-
tion, such as sputtering.

[0055] FIG. 5 is a diagram showing the organic light-
emitting device according to the fifth embodiment of the
present invention. This embodiment has a structure
shown in FIG. 5, in which a first electrode 2 made of an
electrode material which is light transmitting in a visible
range, such as ITO, is formed on one side of a transpar-
ent substrate 1 made of, for example, glass, quartz or
resin. The first electrode 2 is formed to have a thickness
of, for example, about 100 nm, and a shape of stripes
(not illustrated in the figure) at a predetermined pitch,
for example, at a pitch of several tens to several hun-
dreds micrometers (um). On the surface of the first elec-
trode 2, a positive hole transport thin film 3 having a
thickness of about 50 nm and made of a positive hole
transport thin film material and an electron transport
light-emitting thin film 4 having a thickness of about 50
nm and made of an electron transport light-emitting thin
film material are formed in lamination. In the upper sur-
face portion of the electron transport light-emitting thin
film 4', desirably within a range of 10 nm to 49 nm from
the surface, a metal element such as erbium or praseo-
dymium is mixed. Meanwhile, a second electrode is
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formed on the electron transport light-emitting thin film
4' in such a manner that the electrode 5 has an appro-
priate thickness, desirably, 50 nm to 200 nm, and has a
stripe shape (not illustrated) at a predetermined pitch in
a direction facing and normally crossing with the first
electrode 2.

[0056] An organic light-emitting device according to
the technology of this embodiment can be manufac-
tured, for example, in the following manner.

[0057] First, a positive hole transport thin film 3 is
formed in the same manner as in the first embodiment,
and then an electron transport light-emitting thin film 4
is formed thereon to have thickness of about 50 nm.
Here, it is preferably that when the thickness of the film
becomes 1 nm to 40 nm, a layer mixed with erbium is
formed thereon. The mixture ratio between the electron
transport light-emitting thin film material and this ele-
ment such as erbium should preferably be within a range
of 10 : 90 to 90 : 10 um, and it can be appropriately ad-
justed.

[0058] Then, a second electrode 5 having a conduc-
tivity is formed on a second organic layer. Examples of
the material usable for the second electrode 5 are con-
ductive metals such as erbium, aluminum, gold, copper
and chromium and conductive high polymers such as
polyanilline and polypyrrol. The second electrode 5
should be formed to have an appropriate thickness, de-
sirably, 50 nm to 200 nm, and to have a stripe shape
(not illustrated) at a predetermined pitch in a direction
facing and normally crossing with the first electrode 2.
The second electrode 5 can be formed generally by a
mask evaporation method. Here, the evaporation is per-
formed from the vertical direction to evaporate the elec-
trode material while covering the unnecessary portion
for the electrode with a mask.

[0059] Then, in accordance with necessity, a protec-
tion layer (not shown) is laminated fittingly thereon. The
protection layer is made of, for example, a resin of phe-
nol or epoxy, and it serves to protect the positive hole
transport film 3, the electron transport light-emitting thin
film 4', and the second electrode 5 from outside air. As
an alternative way to shut the organic light-emitting de-
vice from outside air, it is possible that the substrate 1,
a sealing can, and glass or resin are bonded together
and then an inert gas such as nitrogen or argon is sealed
therein.

[0060] The evaporation method employed the forma-
tion of the films will now be briefly described. That is,
the positive hole transport film 3, the electron transport
light-emitting thin film 4' and the second electrode 5 are
formed at vacuum pressure of 1 X 10-5 Torr and a evap-
oration rate of 1 nm/sec. While forming the electron
transport light-emitting thin film, the layer mixed with er-
bium is formed when the thin film is evaporated to have
a thickness of, desirably, about 10 nm to 49 nm. Here,
the mixing can be performed by co-evaporation from two
evaporation sources. It should be noted here that the
positive hole transport film 3 and the electron transport
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light-emitting thin film 4' may be formed by way of some
other thin film forming technology than the evaporation,
such as the spin coat method. Further, the second elec-
trode 5 may be formed by way of some other vacuum
thin film forming technology than the evaporation, such
as sputtering.

[0061] Next, the characteristics of an organic light-
emitting device actually manufactured were illustrated
in FIGS. 6 and 7. Thus manufactured element had a
structure of (ITO / TPD (50 nm) / Algs (50 nm) / Er (2
nm) A1. FIG. 6 illustrates the characteristics regarding
the current density with respect to the applied voltage,
and FIG. 7 illustrates the characteristic regarding the
brightness of the light emitted with reference to the cur-
rent density. As is clear from FIG. 6, it was observed that
the current rose up at a voltage low as about 2V. Further,
it was found that the light emission started from a low
voltage of 2.8V. As the voltage increased, it was ob-
served that an extremely high brightness of 10,000 cd/
m2 was obtained at a voltage of 10V or less, and the
brightness of the light was uniform over the entire sur-
face of the light-emitting panel despite such a high
brightness. Further, the deterioration in the characteris-
tics of the light-emitting device along with time was ob-
served to be extremely indistinctive.

[0062] FIG. 8is a graph illustrating the characteristics
of the current density of the light emitting device and the
applied voltage in the second embodiment when ErF,
is used. The graph illustrates the cases where the thick-
ness of ErF3 is varied to 7.5, 10, 15 and 30 angstrom.
For comparison, the case where no ErF5 is not con-
tained is also illustrated (in mark of D). It can be under-
stood from this graph that the thickness of ErF5 should
be setto 7.5 to 15 angstroms. FIG. 9 is a graph illustrat-
ing the characteristics of the current density of the light
emitting device and the applied voltage in the second
embodiment when ErF; is used. It can be understood
from this graph also that the thickness of ErfF5 should
be set to 7.5 to 15 angstroms. FIG. 10 is a graph illus-
trating the relationship between the thickness of the el-
ement and the voltage necessary for light emission
when ErF3 is used in the second embodiment.

[0063] FIG. 11 is a diagram illustrating an example of
the structure of the flat panel display according to the
present invention. The flat panel display has such a
structure in which a great number of pixels are arranged
in plane. Note that each pixel is made of an light-emitting
device discussed in one of the first to fifth embodiments.
In the light-emitting device flat panel, the light emission
of the devices is controlled one by one. As the technique
of independently controlling the light emission of each
light-emitting device, the conventionally well-known
method used for conventional flat panel displays can be
employed. According to an example of such a method,
pixels made of light-emitting devices are arranged sub-
stantially in matrix as shown in FIG. 11 and the stripe
portions of the first electrode 2 and the stripe portions
of the second electrode 5, which are arranged normally
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to those of the first electrode, are scanned one after an-
other. With this structure, each pixel is made of the re-
spective light-emitting device located at the respective
section where electrode portions normally cross with
each other, and the intensity of the light emission of each
pixel is controlled by adjusting the voltage applied to that
pixel. Alternatively, it is possible to form a color display
by fittingly arranging light-emitting devices including
light-emitting layers of different recombination energy
levels.

[0064] Several embodiments of the present invention
have been described with reference to drawings. How-
ever, additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details and representative embodiments shown and de-
scribed herein. Accordingly, various modifications may
be made without departing from the spirit or scope of
the general inventive concept as defined by the append-
ed claims and their equivalents.

[0065] As described, according to the present inven-
tion, there can be provided a high-quality organic light
emitting device whose characteristics do not deterio-
rates along with time and which can be operated at a
low voltage, and when such devices are used in a dis-
play panel, a light-emitting surface which can emit light
uniformly over an entire display panel can be obtained
when the conditions are maintained the same.

Claims

1. An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a first organic layer (3) having a positive hole
transporting property, and formed on said first
electrode (2);

a second organic layer (4) having a positive
hole transporting property and a light-emitting
property, and formed on said first organic layer
(3); and

a second electrode (5) containing erbium, and
formed on said second organic layer (4),

wherein said second organic layer partially
contains a metal element diffused throughout at
least a part of said second organic layer.

2. An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
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erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a first organic layer (3) having a positive hole
transporting property, and formed on said first
electrode (2);

a second organic layer (4) having a positive
hole transporting property and a light-emitting
property, and formed on said first organic layer
(3); and

a second electrode (5, 6) formed on said sec-
ond organic layer (4),

wherein said second electrode (5, 6) is of a
two-layer structure including a layer (5) containing
erbium and a conductive layer (6) formed on said
erbium-containing layer, and said second organic
layer partially contains a metal element diffused
throughout at least a part of said second organic
layer.

An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a first organic layer (3) having a positive hole
transporting property, and formed on said first
electrode (2);

a second organic layer (4) having a positive
hole transporting property and a light-emitting
property, and formed on said first organic layer
(3); and

a second electrode (5, 7, 6) formed on said sec-
ond organic layer (4),

wherein said second electrode (5, 7, 6) is of
a three-layer structure including a layer (5) contain-
ing erbium, a diffusion barrier layer (7) and a con-
ductive layer (6) laminated one on another in order.

An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a first organic layer (3) having a positive hole
transporting property, and formed on said first
electrode (2);

a second organic layer (4) having a positive
hole transporting property and a light-emitting
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10

6.

7.

property, and formed on said first organic layer
3)

a super-thin insulating film (8) having a thick-
ness of 0.1 nmto 2 nm, and formed on said sec-
ond organic layer (4); and

a second electrode formed on said super-thin
insulating film (8),

wherein said second electrode is one of an
electrode (5) containing erbium, an electrode of a
two-layer structure including a layer (5) containing
erbium and a conductive layer (6) and an electrode
of a three-layer structure including a layer (5) con-
taining erbium, a diffusion barrier layer (7) and a
conductive layer (6) laminated one on another in or-
der.

An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a first organic layer (3) having a positive hole
transporting property, and formed on said first
electrode (2);

a second organic layer (4') having an electron
transporting property and a light-emitting prop-
erty, and formed on said first organic layer (3);
and

a second electrode (5) formed on said second
organic layer,

wherein said second organic layer (4') partial-
ly contains a metal element diffused throughout at
least a part of said second organic layer.

An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a layer (3) formed on said first electrode (2),
and configured to generate light by recombina-
tion of excitons each made of a pair of a positive
hole and electron injected thereto; and

a second electrode (5) containing erbium and
formed on said layer.

An organic light-emitting device characterized by
comprising:

a substrate (1) having a light transmitting prop-
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erty in a visible range;

a first electrode (2) having a light transmitting
property in a visible range, and formed on said
substrate (1);

a first organic layer (3) having a positive hole 5
transporting property, and formed on said first
electrode (2);

a second organic layer (4) having an electron
transporting property and light generating prop-
erty, and formed on said layer; and 10
a second electrode (5) containing ErF5, formed

on said second organic layer (4).

8. An organic light-emitting device flat panel display
characterized by comprising: 15

a plurality of organic light-emitting devices ac-

cording to any one of claims 1 to 7 arranged in

such a manner that light emission of each of the

organic light-emitting devices is controlled in- 20

dependently.
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