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(57) ABSTRACT

The present invention relates to an organic electrolumines-
cent element and a display device, in which, on a substrate
1, at least an anode 2, an organic layer 3 having a lumines-
cent layer 8, an electron injecting layer 4 and a cathode 5 are
laminated in this order or in the reverse order In the organic
electroluminescent element, an outer peripheral portion of
the cathode 5 is positioned inside an outer peripheral portion
of the electron injecting layer 4.
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FIG.11  PRIOR ART
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ORGANIC ELECTROLUMINESCENT ELEMENT
AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 USC 119
from Japanese Patent Application No. 2005-80645, the
disclosure of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic elec-
troluminescent element and a display device. More particu-
larly, the present invention relates to an organic electrolu-
minescent element which has a characteristic configuration
for preventing luminescence from edge due to an electron
injecting layer, and a display device.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] Ever since reports have been made on a laminated
organic electroluminescent element (organic EL element), in
which an organic thin layer having hole transport property
and an organic thin layer having electron transport property
are laminated (see, for example, Applied Physics Letters,
Vol. 51, p. 913, 1987), the organic electroluminescent ele-
ment has attracted attention and has been intensively studied
as a large-area luminescent element capable of emitting light
by applying low voltages of not more than 10 V.

[0006] One reason for the success of the low voltage
organic EL element is that a low work function Mg—Ag
alloy having a large electron injecting capability into an
organic layer is used as a cathode.

[0007] Since then, studies have been made on simple
bodies of alkali metals such as Li, Na, and K, or alkaline
earth metals such as Mg, Ca and Ba or alloys thereof having
a low work function to be used as a cathode. However, since
these metals having a low work function are easily oxidized
and unstable, problems arise such as low reproducibility,
low reliability and the like in performance of the EL element
obtained from these simple bodies or alloys.

[0008] In order to solve these problems, it has been
reported that sufficient luminescence characteristics and
reliability can be obtained by using a cathode, and an
electron injecting layer of a stable alkali metal compound
such as Li,O (see, for example, Japanese Patent No.
3529543). Here, a conventional organic EL element will be
described with reference to FIG. 12.

[0009] FIG. 12 is a schematic cross-sectional view of a
conventional organic ELL element. On a transparent glass
substrate 61 with an ITO anode 62 formed thereon, a hole
transport layer 63, a luminescent layer 64 and an electron
transport layer 65 are laminated in this order using an
organic substance deposition mask (not shown). Thereafter,
a Li,O electron injecting layer 66 and a Mg—Al cathode 67
are deposited in this order using an inorganic substance
deposition mask (not shown).

[0010] When a forward bias is applied by a power source
68 between the cathode 67 and the anode 62 of the organic
EL element, exitons are formed in the process of recombi-
nation of electrons ejected from the electron transport layer

Oct. 5, 2006

65 and the holes ejected from the hole transport layer 63 in
the luminescent layer 64. When the excitons are dissociated,
a light 69 having a wavelength according to the composition
of the luminescent layer 64 is emitted.

[0011] Further, for the same purpose, it has been proposed
to employ highly stable alkali halide such as LiF as the
electron injecting layer (see, for example, Japanese Patent
Application Laid-Open No. 2002-260862). Performance and
reliability of an organic EL element are improved by the use
of such a stable electron injecting layer.

[0012] However, in such an organic EL element, although
an electron injecting layer is used for improving the lumi-
nance efficiency, a phenomenon of luminescence from edge
is observed. For example, when an annealing treatment is
performed at 80° C. for one hour, strong luminescence from
an outer peripheral portion, i.e., an edge portion of the
cathode is observed. The luminescence from the edge results
in non-uniform luminescence on a luminescent surface.

[0013] Tt has also been found that the luminescence from
edge, i.e., the strong luminescence from the cathode edge
portion causes reduced reliability, especially considerable
deterioration in brightness of the element. It is thus impor-
tant to prevent the luminescence from edge in view of
improving reliability of the element.

[0014] As aresult of intensive study by the present inven-
tors, it has been found that the luminescence from edge is
attributed to the configuration of the edge portion of the
electron injecting layer. The circumstances will be described
below with reference to FIG. 13.

[0015] FIG. 13 is an enlarged view of main components of
a conventional organic EL element in the vicinity of a
cathode edge portion. The edge portion of an electron
injecting layer 66 is tapered. When the edge portion with
such a configuration is subjected to an electric energizing
test or a heat treatment, an electric field concentrates on the
edge portion of the electron injecting layer to emit lumines-
cence from the edge, resulting in reduced reliability.

[0016] Such a tapered edge portion is inevitably formed
when a deposition mask is used in such a manner that the
electron injecting layer and the like is deposited on the
deposition mask that is not closely in contact with a sub-
strate.

SUMMARY OF THE INVENTION

[0017] The present invention has been made in view of the
above circumstances and provides an organic electrolumi-
nescent element and a display device.

[0018] A first aspect of the present invention provides an
organic electroluminescent element which comprises, on a
substrate, at least an anode, an organic layer having a
luminescent layer, an electron injecting layer and a cathode
laminated in this order or in the reverse order, wherein an
outer peripheral portion of the cathode is positioned inside
an outer peripheral portion of the electron injecting layer.

[0019] A second aspect of the present invention provides
an organic electroluminescent element which includes, on a
substrate, at least an anode, an organic layer having a
luminescent layer, an electron injecting layer and a cathode
laminated in this order or in the reverse order, wherein an
outer peripheral portion of the cathode other than an area
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where a lead-out electrode is formed is positioned inside an
outer peripheral portion of the electron injecting layer.

[0020] A third aspect of the present invention provides a
method for producing an organic electroluminescent ele-
ment, wherein the organic electroluminescent element com-
prises on a substrate, at least an anode, an organic layer
having a luminescent layer, an electron injecting layer and a
cathode laminated in this order or in the reverse order,
wherein a mask for deposition used for forming the electron
injecting layer has an opening area different from an opening
area of a mask for deposition used for forming the cathode,

[0021] A fourth aspect of the present invention provides a
display device comprising the organic electroluminescent
element according to any one of the first to third aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.1 is a view explaining a principle structure of
the present invention;

[0023] FIG. 2 is a view explaining the steps until the
mid-step of a manufacturing process of an organic EL
element of Example 1 according to the present invention;

[0024] FIG. 3 is a view explaining the steps after the
mid-step of FIG. 2 of the manufacturing process of the
organic EL element of Example 1 according to the present
invention;

[0025] FIG. 4 is a schematic cross-sectional view of the
organic EL element in Example 1 according to the present
invention;

[0026] FIG. 5 is a schematic cross-sectional view of an
organic EL element according to Comparative Example;

[0027] FIG. 6 is a graph explaining change in relative
brightness with lapse of time with a drive current of 15
mA/cm?;

[0028] FIG. 7 is a schematic cross-sectional view of an
organic EL element in Example 2 according to the present
invention;

[0029] FIG. 8 is a schematic cross-sectional view of an
organic EL element in Example 3 according to the present
invention;

[0030] FIG. 9 is a view explaining the steps until the
mid-step of a manufacturing process of an organic EL
element of Example 4 according to the present invention,

[0031] FIG. 10 is a view explaining the steps after the
mid-step of FIG. 9 of the manufacturing process of the
organic EL element of Example 4 according to the present
invention;

[0032] FIG. 11 is a schematic cross-sectional view of a
conventional organic EL element; and

[0033] FIG.12 is an enlarged view of main components of
a conventional organic EL element in the vicinity of a
cathode edge portion.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] FIG.1 is a view explaining a principle structure of
the present invention. The present invention will be
described below with reference to FIG. 1.
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[0035] The present invention provides an organic elec-
troluminescent element which includes, on a substrate 1, at
least an anode 2, an organic layer 3 having a luminescent
layer 8, an electron injecting layer 4 and a cathode 5
laminated in this order or in the reverse order. In the organic
electroluminescent element, an outer peripheral portion of
the cathode 5 is positioned inside an outer peripheral portion
of the electron injecting layer 4.

[0036] With the configuration in which the outer periph-
eral portion of the cathode 5 is positioned inside the outer
peripheral portion of the electron injecting layer 4, the outer
peripheral portion, i.e., the edge portion, of the electron
injecting layer 4 is spaced from a luminescent area 10
defined by the area of the cathode 5. Therefore, concentra-
tion of electric field on the edge portion of the electron
injecting layer 4 can be prevented, and thus luminescence
from the edge can be prevented.

[0037] In a case where the cathode 5 is led out of the
luminescent area 10, it is only necessary to form a configu-
ration in which the outer peripheral portion of the cathode 5
other than the area where the lead-out electrode is formed to
be positioned inside the outer peripheral portion of the
electron injecting layer 4.

[0038] Inthis case, the cathode 5 and the electron injecting
layer 4 are preferably positioned such that the sum of the
intervals, at both sides of the peripheral portions along a
predetermined straight line, between the outer peripheral
portion of the cathode 5 and the outer peripheral portion of
the electron injecting layer 4, at points where the sum
becomes shortest, is 20 um or more in light of registration
accuracy and deposition blur at the time of mask deposition.

[0039] The electron injecting layer 4 in this case may have
a planar shape and an area identical to those of the lumi-
nescent layer 8, or may have a smaller area than that of the
luminescent layer 8.

[0040] Alkali metals or alkali metal compounds having a
low work function are preferably used for the electron
injecting layer 4. An alkali metal fluoride which is highly
chemically stable is especially preferable.

[0041] When an alkali metal fluoride is used for the
electron injecting layer 4, the thickness of the layer is
preferably 0.1 to 5 nm. If the thickness is 0.1 nm or less, it
is difficult to maintain a proper shape as the electron
injecting layer 4. If the thickness is more than 5 nm, the
electric conduction therethrough cannot be properly pro-
vided because an alkali metal fluoride is an electric insulator.

[0042] Further, when an alkali metal fluoride is used for
the electron injecting layer 4, a material for forming a
cathode 5 is preferably Al. Al and F, which constitutes the
alkali metal fluoride, react with each other to reduce the
alkali metal, thereby improving the electric conduction.

[0043] The organic layer 3, including the luminescent
layer 8, preferably includes at least a hole-injecting layer 6,
a hole transport layer 7, a luminescent layer 8 and an
electron transport layer 9. Each layer has respective func-
tions to enhance the luminescent efficiency.
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[0044] When the organic electroluminescent element is
manufactured, the electron injecting layer 4 may be formed
using a deposition mask having an opening area different
from that of the deposition mask used at the time of forming
the cathode 5. The deposition mask used for forming the
electron injecting layer 4 may be either the same as, or
different from the deposition mask used for forming the
organic layer 3 which includes the luminescent layer 8.

[0045] Further, a display device can be obtained using the
organic electroluminescent elements as pixels having the
above-described configuration. Such a display device has
excellent reliability and durability, without luminescence
from the edge of the element.

[0046] In the present invention, an anode formed of ITO or
the like, an organic layer including a hole-injecting layer, a
hole transport layer, a luminescent layer and an electron
transport layer, an electron injecting layer and a cathode are
laminated in this order or in the reverse order on a glass
substrate or the like, especially on a transparent insulating
substrate.

[0047] The planar area of the electron injecting layer is set
to be larger than that of the cathode. For example, an interval
“d” between the outer peripheral portion of the electron
injecting layer and the outer peripheral portion of the
cathode is 10 pm or greater in an ideal registration state.

[0048] The organic EL element of Example 1 according to
the present invention will be described with reference to
FIG. 2 to FIG. 6. First, referring to FIG. 2 to FIG. 4, a
manufacturing process of the organic EL element of
Example 1 will be described.

EXAMPLE 1

[0049] First, as shown in FIG. 2, a glass substrate 11,
patterned to a predetermined shape having a thickness of, for
example, 150 nm with an ITO anode 12 formed thereon is
subjected to ultrasonic cleaning, and thereafter UV ozone
treatment for forcible oxidization of the surface of the ITO
anode 12.

[0050] Thereafter, an organic layer 14 is formed through
thermal resistance heating in a vacuum apparatus using an
organic layer deposition mask 13 with a predetermined
opening.

[0051] The organic layer 14 includes, as shown in FIG. 4,
a hole-injecting layer 15, a hole transport layer 16, a
luminescent layer 17 and an electron transport layer 18. The
hole-injecting layer 15 is made of 2TNATA(4,4',4"-tris(2-
naphthylphenylamino)triphenylamine) doped with 0.1% by
weight of F4-TCNQ(2,3,5,6-tetrafluoro-7,7,8,8 tetracyan-
oxydimethane) and has a thickness of, for example, 140 nm.
The hole transport layer 16 is made of a-NPD(N,N'-dinaph-
thyl-N,N'-diphenyl-[1,1'-biphenyl]4,4'-diamine) and has a
thickness of, for example, 10 nm. The luminescent layer 17
is formed by a host Alq3(tris(8-hydroxyquinolinate) alumi-
num) having a thickness of, for example, 30 nm doped with
a luminescent material t(npa)py (1,3,6,8-tetraCN-(naph-
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thyl)-N-phenylamino) pyrene. The electron transport layer
18 is made of Alg3 having a thickness of, for example, 20
nm.

[0052] Molecular structures of F4-TCNQ, 2TNATA,

a-NPD, t(npa)py and Alg3 constituting the organic layer 14
are shown below

NC CN
F | F
F | F
NC CN
F4-TCNQ

2TNATA

avals
ol Y

a-NPD
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-continued
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[0053] Then, using an electron injecting layer deposition
mask 19 with a predetermined opening, a CsF electron
injecting layer 20 with a thickness in the range of 0.1 nm to
5 nm is formed, for example, 1 nm.

[0054] Finally, as shown in FIG. 3, an Al cathode 22 layer,
having a thickness of, for example, 100 nm is formed using
a cathode deposition mask 21 with a predetermined opening.
Thus, a basic configuration of the organic EL element of
Example 1 according to the present invention is obtained.

[0055] The cathode deposition mask 21 has an opening
having an elongated and narrower shape relative to that of
the opening of the electron injecting layer deposition mask
19. Thus, the outer peripheral portion of the Al cathode 22
is positioned inside the outer peripheral portion of the
electron injecting layer 20, and a cathode lead-out portion 23
is formed.

[0056] The opening of the cathode deposition mask 21 is
determined in light of peripheral blur and registration accu-
racy of the mask at the time of deposition. For example, an
interval “d” between the outer peripheral portion of the Al
cathode 22 and the outer peripheral portion of the electron
injecting layer 20 is 10 um or greater in an ideal registration
state.

[0057] FIG. 4 is a schematic cross-sectional view of the
organic EL element of Example 1 according to the present
invention manufactured in the above-described manner. The
formed area of the electron injecting layer 20 is larger than
the formed area of the Al cathode 22.

[0058] The luminescent area 24 of the organic EL element
is the area where the Al cathode 22 and the ITO anode 12
projectionally overlap with each other.
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[0059] Finally, although not illustrated, as in ordinary
organic EL elements, the obtained organic EL element is
sealed on a glass sealing plate using a UV adhesive in a dry
nitrogen atmosphere (dew-point temperature of —-60° C.) to
complete the organic EL element.

[0060] The initial property of the organic EL element of
Example 1 is evaluated. When DC voltage of 3.0 V is
applied thereto, green luminescent light of about 10 cd/m? is
observed.

[0061] Further, when the organic EL element is annealed
at 80° C. for one hour, a uniform luminescence is observed
over the luminescent surface and no luminescence is
observed at the edge of the element.

[0062] The brightness of the non-annealed organic EL
element is 1334 cd/m” under a drive voltage of 6.63 V to
obtain drive current of 15 mA/cm>. The luminescent effi-
ciency is 8.90 cd/A. The luminous half life period is 1000
hours. After 800 hours of driving period elapsed, no lumi-
nescence from the edge of the element is observed.

COMPARATIVE EXAMPLE

[0063] FIG. 5 is a schematic cross-sectional view of an
organic EL element of a Comparative Example. A conven-
tional organic EL element having a cathode-side structure as
described in Japanese Patent No. 3529543 described above
is obtained using the same material as in Example 1 and
using a single deposition mask for both an electron injecting
layer 25 and Al cathode 26.

[0064] The initial property of the organic EL element of
the Comparative Example is evaluated. When DC voltage of
3.0 V is applied to the element, green luminescent light of
about 10 cd/m? is observed as in Example 1.

[0065] However, when the conventional organic EL ele-
ment is annealed at 80° C. for one hour, luminescence from
the edge is observed.

[0066] The brightness of the non-annealed organic EL
element is 1353 cd/m* under a drive voltage of 6.63 V to
obtain a drive current of 15 mA/cm®. The luminescent
efficiency is 9.02 cd/A. The brightness and the luminescent
efficiency are substantially equivalent to those of the organic
EL element of Example 1. However, after 100 hours of drive
period, the luminescence from the edge appeared and reduc-
tion in brightness becomes significant. The luminous half
life period is 250 hours.

[0067] FIG. 6 is a graph explaining change in the relative
brightness with a drive current of 15 mA/cm?® with lapse of
time. FIG. 6 shows that the luminous half life period is 250
hours in Comparative Example, but in Example 1, it is 1000
hours which is obtained by extrapolating the tendency of the
graph.

[0068] In Example 1, the planar area of the electron
injecting layer is larger than that of the cathode, such that the
edge portion of the electron injecting layer does not overlap
with the luminescent area. As a result, no luminescence from
the edge is caused and reduction in brightness can be
significantly suppressed.

EXAMPLE 2

[0069] Next, an organic EL element of Example 2 of the
present invention will be described with reference to FIG. 7.
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[0070] FIG. 7 is a schematic cross-sectional view of the
organic EL element in Example 2. The basic configuration of
the organic EL element of Example 2 is similar to that of
Example 1 except that, at the time of the deposition step for
forming the electron injecting layer 20, the same organic
layer deposition mask used in depositing the organic layer
14 is used.

[0071] The initial property of the organic EL element of
Example 2 is evaluated. When DC voltage of 3.0 V is
applied, green luminescence of about 10 cd/m? is observed
as in Example 1.

[0072] Further, when the organic EL element is annealed
at 80° C. for one hour, a uniform luminescence is observed
over the luminescent surface and no luminescence is
observed at the edge of the element.

[0073] The brightness of the non-annealed organic EL
element is 1353 cd/m* under a drive voltage of 6.51 V to
obtain drive current of 15 mA/cm®. The luminescent effi-
ciency is 9.02 cd/A. The luminous half life period is 1000
hours, which is substantially the same as that of the organic
EL element of Example 1.

[0074] The change in the relative brightness of the organic
EL element of Example 2 with passage of time is also shown
in FIG. 6.

[0075] In Example 2, there is no need to use a deposition
mask specifically designed for forming the electron injecting
layer, and therefore time can be saved for changing the
masks.

[0076] However, the organic layer deposition mask
requires careful cleaning during the cleaning process since
organic and inorganic substances adhere thereto.

EXAMPLE 3

[0077] Next, an organic EL element of Example 3 of the
present invention will be described with reference to FIG. 8.
The organic EL element of Example 3 is manufactured in the
same manner as Example 1 except that the step of forming
the electron injecting side layer and the step of forming the
hole injecting side layer are reversed in order.

[0078] FIG. 8 is a schematic cross-sectional view of the
organic EL element in Example 3 according to the present
invention. In a vacuum apparatus, an Al cathode 32 having
a thickness of, for example, 100 nm is formed on a glass
substrate 31 using a cathode deposition mask having an
opening. Then, a CsF electron injecting layer 33 having a
thickness in the range of 0.1 nm to 5 nm, for example, 1 nm
is formed using an electron injecting layer deposition mask
having an opening larger than that of the cathode deposition
mask.

[0079] Subsequently, an organic layer 34 and an ITO
anode 39 having a thickness of 150 nm are formed in this
order through thermal resistance heating using deposition
mask for an organic layer with an opening larger than that
of the electron injecting layer deposition mask.

[0080] The organic layer 34 includes an electron transport
layer 35, a luminescent layer 36, a hole transport layer 37
and a hole-injecting layer 38. The electron transport layer 35
is made of Alq3 having a thickness of 20 nm. The lumines-
cent layer 36 is formed by a host Alq3 having a thickness of

Oct. 5, 2006

30 nm doped with 1% by weight of a luminescent material
t(npa)py. The hole transport layer 37 is made of o-NPD
having a thickness of 10 nm. The hole-injecting layer 38 is
made of 2TNATA having a thickness of 140 nm.

[0081] Finally, the obtained organic EL element is sealed
on a glass sealing plate using a UV adhesive in a dry
nitrogen atmosphere (dew-point temperature of —-60° C.) to
complete the organic EL element of Example 3.

[0082] As described above, the edge portion of the elec-
tron injecting layer is tapered also in Example 3, but the edge
portion does not overlap with the luminescent area, and thus
no luminescence from the edge is caused.

[0083] In Example 3 of the present invention, the lumi-
nescence is led from the anode side at the topmost layer of
the formed layers. Therefore, it is not necessary to employ
a transparent substrate as a substrate. The layers may be
directly deposited on a base material of interior decoration.

[0084] If the base material is an electrically conductive
member, the surface of the base material may be insulated
with an SiO, layer and the like.

EXAMPLE 4

[0085] Next, an organic EL display device of Example 4
of the present invention will be described with reference to
FIG. 9 and FIG. 10. The process is substantially the same
as that of Example 2 except that pixels formed of organic EL.
elements are formed in a two-dimensional matrix in place of
a single organic EL element.

[0086] First, as shown in FIG. 9, a glass substrate 41
patterned to a predetermined shape having a thickness of, for
example, 150 nm with a strip-shaped ITO anode 42 formed
thereon is subjected to ultrasonic cleaning, and thereafter
UV ozone treatment for forcible oxidization of the surface of
the ITO anode 42.

[0087] The ITO anode includes eight strips herein for
simplicity in explanation.

[0088] Then, an organic layer 44 is formed by thermal
resistance heating in a vacuum apparatus using a deposition
mask 43 with a predetermined opening for an organic layer.

[0089] The organic layer 44 includes, as in Example 2, a
layer configuration of a hole-injecting layer, a hole transport
layer, a luminescent layer and an electron transport layer
laminated in this order. The hole-injecting layer is made of
2TNATA doped with 0.1% by weight of F4-TCNQ and has
a thickness of 140 nm. The hole transport layer is made of
a-NPD having a thickness of, for example, 10 nm. The
luminescent layer is formed by a host Alq3 having a thick-
ness of, for example, 30 nm doped with a luminescent
material t(npa)py. The electron transport layer is made of
Alg3 having a thickness of, for example, 20 nm.

[0090] Thereafter, as shown in FIG. 10, a CsF electron
injecting layer 45 having a thickness of 0.1 nm to 5 nm, for
example, 1 nm is formed using the same organic layer
deposition mask 43.

[0091] Finally, an Al cathode 47, having a thickness of for
example, 100 nm is formed using a cathode deposition mask
46 with a predetermined opening. Thus, a basic configura-
tion of the organic EL element is obtained.
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[0092] The ITO anode includes eight strips herein for
simplicity in explanation.

[0093] Finally, although not illustrated, as in ordinary
organic EL display devices, the obtained organic EL element
is sealed on a glass sealing plate using a UV adhesive in a
dry nitrogen atmosphere (dew-point temperature of -100°
C.) to complete a monochrome passive matrix type organic
EL display device of Example 4 of the present invention.

[0094] In the organic EL display device of Example 4,
because the Al cathode of each pixel does not protrude from
the electron injecting layer, no luminescence is caused at the
edge portion of the Al cathode, and thus reduction in
brightness can be significantly suppressed.

[0095] Examples of the present invention have been
described, but the present invention is not limited to the
described conditions and configurations. Various modifica-
tions can be made to the present invention. For example, the
green luminescent element is described in the Examples, but
the present invention is not limited thereto. Rather, accord-
ing to colors of luminescent light, the materials of the
organic layer may be appropriately selected from known
organic EL materials.

[0096] Inthe Examples, the CsF electron injecting layer is
described, but the present invention is not limited thereto.
Any alkali metal fluoride such as LiF, NaF, KF, RbF which
are similar to CsF may be employed.

[0097] The present invention is not limited to alkali metal
fluoride, but, alkali metal halide such as LiCl, LiBr, Lil,
NaCl, NaBr, Nal, KCI, KBr, KI, RbCl, RbBr, RbI, CsCl,
CsBr, Csl may also be used.

[0098] Alternatively, alkali metal compounds which
include alkali metal oxide such as Li,0, Na,O, K,O, Rb,O,
Cs,0 and the like, alkali metal salt such as Li,CO;, Na,COj;,
x,CO;, Rb,CO;, Cs,CO;, and the like may also be used for
the electron injecting layer.

[0099] Further, alkali metal itself including Li, Na, K, Rb,
Cs may be used for the electron injecting layer, but the
above-described alkali metal fluoride is particularly prefer-
able in view of stability.

[0100] Al cathode was used in the Examples, but the
present invention is not limited thereto. Other metals such as
Ag, Au and Mo may also be used.

[0101] However, in a case where the electron injecting
layer is made of alkali metal fluoride, an Al cathode is
particularly preferable.

[0102] In particular, when the electron injecting layer is
formed of alkali metal fluoride and an Al is used for a
cathode, Al and F react with each other to reduce alkali metal
constituting the alkali metal fluoride, although the alkali
metal fluoride is an electric insulator. Thus, electric conduc-
tion via the alkali metal becomes possible.

[0103] Further, the sealed environment is a dry nitrogen
atmosphere (dew-point temperature of -60° C.) in Examples
1 to 3, and is a dry nitrogen atmosphere (dew-point tem-
perature of -100° C.) in Example 4. The difference arises
from the performance of the manufacturing apparatus used,
and in each case, drier nitrogen atmosphere is generally
preferable.
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[0104] Although a monochrome display device is
described in Example 4, the present invention may also be
applied to a full-color display device by combining red and
blue luminescent elements in addition to the green lumines-
cent element.

[0105] A passive-matrix display device using a simple
matrix is described in Example 4; however, the present
invention is not limited thereto. The present invention may
be applied to an active-matrix display device using active
elements such as a TFT.

[0106] Inthe Examples, the anode electrode is transparent
and light is led therefrom. However, the cathode electrode
may be translucent or transparent and light may be led from
the cathode side. In the latter case, the anode may be a
reflective electrode to improve light-leading efficiency.

[0107] In this case, except for Example 2, conductive
materials such as stainless steel, insulator materials, or
opaque materials may be used as a substrate. When a
translucent or transparent electrode is used as a cathode, any
substrate may be used.

[0108] The present invention provides an organic EL
element having a relaxed concentration of electric field on
the edge portion of the electron injecting layer to prevent the
luminescence therefrom. In the present invention, the
formed area of the electron injecting layer of the organic EL,
element is larger than the formed area of the cathode.
Therefore, the edge portion of the electron injecting layer is
not included in the luminescent area of the organic EL
element. Accordingly, luminescence from the edge of the
element can be prevented, and reduction in brightness can be
suppressed. As a result, a highly reliable organic EL element
or organic EL display device can be realized.

[0109] Although the present invention is typically applied
to a two-dimensional matrix display device, the present
invention is not limited to display devices. The present
invention can be applied to a large single light source such
as a light source for mood lighting.

[0110] The present invention includes the following
embodiments:

[0111] 1. An organic electroluminescent element which
comprises, on a substrate 1, at least an anode 2, an organic
layer 3 having a luminescent layer 8, an electron injecting
layer 4 and a cathode 5 laminated in this order or in the
reverse order, wherein an outer peripheral portion of the
cathode is positioned inside an outer peripheral portion of
the electron injecting layer.

[0112] 2. An organic electroluminescent element which
includes, on a substrate 1, at least an anode 2, an organic
layer 3 having a luminescent layer 8, an electron injecting
layer 4 and a cathode 5 laminated in this order or in the
reverse order, wherein an outer peripheral portion of the
cathode 5 other than an area where a lead-out electrode is
formed is positioned inside an outer peripheral portion of the
electron injecting layer 4.

[0113] 3. An organic electroluminescent element accord-
ing to 1 or 2, wherein the cathode 5 and the electron injecting
layer 4 are positioned such that the sum of the intervals, at
both sides of the peripheral portions along a predetermined
straight line, between the outer peripheral portion of the
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cathode 5 and the outer peripheral portion of the electron
injecting layer 4, at points where the sum becomes shortest,
is 20 um or more.

[0114] 4. An organic electroluminescent element accord-
ing to any one of 1 to 3, wherein the electron injecting layer
4 has a planar shape and an area identical to those of the
luminescent layer 8.

[0115] 5. An organic electroluminescent element accord-
ing to any one of 1 to 3, wherein the electron injecting layer
4 has an area smaller than that of the luminescent layer 8.

[0116] 6. An organic electroluminescent element accord-
ing to 1 or 2, wherein the electron injecting layer 4 com-
prises alkali metal or an alkali metal compound.

[0117] 7. An organic electroluminescent element accord-
ing to 6, wherein the electron injecting layer 4 comprises an
alkali metal fluoride.

[0118] 8. An organic electroluminescent element accord-
ing to 7, wherein the electron injecting layer 4 has a layer
thickness of from 0.1 to 5 nm.

[0119] 9. An organic electroluminescent element accord-
ing to 7 or 8, wherein the cathode contains aluminum.

[0120] 10. An organic electroluminescent element accord-
ing to any one of 1 to 9, wherein the organic layer 3 having
the luminescent layer 8, comprises at least a hole injecting
layer 6, a hole transport layer 7, a luminescent layer 8 and
an electron transport layer 9.

[0121] 11. A method for producing an organic electrolu-
minescent element, wherein the organic electroluminescent
element comprises on a substrate, at least an anode 2, an
organic layer 3 having a luminescent layer 8, an electron
injecting layer 4 and a cathode 5 laminated in this order or
in the reverse order, wherein a mask for deposition used for
forming the electron injecting layer 4 has an opening area
different from an opening area of a mask for deposition used
for forming the cathode 5.

[0122] 12. A method for producing an organic electrolu-
minescent element according to 11, wherein the mask for
deposition used for forming the electron injecting layer 4 is
different from a mask for deposition used for forming the
organic layer 3 including the luminescent layer 8.

[0123] 13. A method for producing an organic electrolu-
minescent element according to 11, wherein the electron
injecting layer 4 is formed by the use of the same mask as
that for forming the organic layer 3 including the lumines-
cent layer 8.

[0124] 14. A display device comprising the organic elec-
troluminescent element according to any one of 1 to 10.

What is claimed is:

1. An organic electroluminescent element which com-
prises, on a substrate, at least an anode, an organic layer
having a luminescent layer, an electron injecting layer and a
cathode laminated in this order or in the reverse order,
wherein an outer peripheral portion of the cathode is posi-
tioned inside an outer peripheral portion of the electron
injecting layer.

2. An organic electroluminescent element which includes,
on a substrate, at least an anode, an organic layer having a
luminescent layer, an electron injecting layer and a cathode
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laminated in this order or in the reverse order, wherein an
outer peripheral portion of the cathode other than an area
where a lead-out electrode is formed is positioned inside an
outer peripheral portion of the electron injecting layer.

3. An organic electroluminescent element according to
claim 1, wherein the cathode and the electron injecting layer
are positioned such that the sum of the intervals, at both
sides of the peripheral portions along a predetermined
straight line between the outer peripheral portion of the
cathode and the outer peripheral portion of the electron
injecting layer, at points where the sum becomes shortest, is
20 pm or more.

4. An organic electroluminescent element according to
claim 1, wherein the electron injecting layer has a planar
shape and an area identical to those of the luminescent layer.

5. An organic electroluminescent element according to
claim 1, wherein the electron injecting layer has an area
smaller than that of the luminescent layer.

6. An organic electroluminescent element according to
claim 1, wherein the electron injecting layer comprises alkali
metal or an alkali metal compound.

7. An organic electroluminescent element according to
claim 6, wherein the electron injecting layer comprises an
alkali metal fluoride.

8. An organic electroluminescent element according to
claim 7, wherein the electron injecting layer has a layer
thickness of from 0.1 to 5 nm.

9. An organic electroluminescent element according to
claim 7, wherein the cathode contains aluminum.

10. An organic electroluminescent element according to
claim 1, wherein the organic layer comprises at least a
hole-injecting layer, a hole transport layer, the luminescent
layer and an electron transport layer.

11. A method for producing an organic electroluminescent
element, wherein the organic electroluminescent element
comprises on a substrate, at least an anode, an organic layer
having a luminescent layer, an electron injecting layer and a
cathode laminated in this order or in the reverse order,
wherein a mask for deposition used for forming the electron
injecting layer has an opening area different from an opening
area of a mask for deposition used for forming the cathode.

12. A method for producing an organic electroluminescent
element according to claim 11, wherein the mask for depo-
sition used for forming the electron injecting layer is dif-
ferent from a mask for deposition used for forming the
organic layer including the luminescent layer.

13. Amethod for producing an organic electroluminescent
element according to claim 11, wherein the electron inject-
ing layer is formed by the use of the same mask as that for
forming the organic layer including the luminescent layer.

14. A display device comprising the organic electrolumi-
nescent element according to claim 1.

15. A display device comprising the organic electrolumi-
nescent element according to claim 2.

16. A display device comprising the organic electrolumi-
nescent element according to claim 3.

17. A display device comprising the organic electrolumi-
nescent element according to claim 4.

18. A display device comprising the organic electrolumi-
nescent element according to claim 5.

19. A display device comprising the organic electrolumi-
nescent element according to claim 6.

20. A display device comprising the organic electrolumi-
nescent element according to claim 7.
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