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ORGANIC ELECTROLUMINESCENT DISPLAY
APPARATUS AND METHOD OF FABRICATING
THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic elec-
troluminescent display apparatus comprising a plurality of
organic electroluminescent devices and a method of fabri-
cating the same.

[0003] 2. Description of the Background Art

[0004] Organic electroluminescent display apparatuses
(hereinafter abbreviated to organic EL display apparatuses)
are expected to be promising as display apparatuses in place
of liquid crystal display apparatuses currently in widespread
use, and the development for practical utilization is under
way. In particular, active matrix organic EL display appa-
ratuses comprising Thin Film Transistors (TFTs) as switch-
ing devices in respective pixels are capable of having larger
screens and higher definition because of holding display data
in each pixel, and are considered to be the leading appara-
tuses among the next generation flat panel displays.

[0005] An organic EL display apparatus includes a plu-
rality of organic electroluminescent devices (hereinafter
abbreviated to organic EL devices), and each organic EL
device constitutes a pixel. In each organic EL device,
electrons and holes are injected to a light emitting layer from
an electron injecting electrode and a hole injecting electrode,
respectively, to be recombined at an interface between the
light emitting layer and the hole transporting layer or inside
the light emitting layer near the interface. This causes
organic molecules to be in an excited-state, and fluorescence
is produced when the organic molecules in the excited-state
return to the ground-state.

[0006] In an organic EL display apparatus, a plurality of
organic EL devices are formed in the form of a matrix. A
color organic EL display apparatus comprises pixels com-
posed of organic EL devices emitting red light (hereinafter
referred to as R pixels), pixels composed of organic EL
devices emitting green light (hereinafter referred to as G
pixels), and pixels composed of organic EL devices emitting
blue light (hereinafter referred to as B pixels).

[0007] A plurality of R pixels, a plurality of G pixels, and
a plurality of B pixels are arranged along one direction and
the other direction intersecting at right angles with each
other. Here, one direction and the other direction are named
“row direction” and “column direction”, respectively. In
other words, a group of a plurality of R pixels, G pixels, and
B pixels are periodically arranged along the row direction,
and a plurality of R pixels, a plurality of G pixels, and a
plurality of B pixels are arranged in the column direction,
respectively.

[0008] Each organic EL device has a stacked structure in
which a hole transporting layer, a light emitting layer, and an
electron transporting layer are sequentially formed between
a hole injecting electrode (anode) and an electron injecting
electrode (cathode). The light emitting layers of R pixels, G
pixels, and B pixels are composed of different materials.

[0009] In general, organic EL devices are formed by
vacuum vapor deposition (see, for example, JP 2001-93667
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A). In order to form an organic EL device in each pixel, a
mask having apertures corresponding to respective pixels on
the hole injecting electrodes on the substrate is provided so
as to selectively deposit on the substrate the organic mate-
rials evaporated from vapor deposition sources correspond-
ing to R pixels, G pixels, and B pixels.

[0010] However, deviation of the position of the mask
may be caused in deposition of organic material layers using
the mask having apertures corresponding to respective pixel.
This deviation of the position of the mask may then lead to
deviation of the positions of the organic material layers such
as light emitting layers, consequently resulting in the nar-
rowed effective light emitting area and the degradation of the
yield of a product.

[0011] Furthermore, the thickness of the organic material
layers may become ununiform due to the shadowing from
end portions of the apertures of the mask. In this case, the
thickness of the organic material layers, though almost
uniform near the center portion, become smaller at the end
portions of the apertures. This not only prevents the uniform
light emitting properties, but causes the effective light emit-
ting area to be reduced.

SUMMARY OF THE INVENTION

[0012] An object of this invention is to provide an organic
electroluminescent display apparatus wherein the required
accuracy of positioning the organic electroluminescent
devices is alleviated, so that the yield can be improved, the
effective light emitting area can be prevented from being
reduced, and the uniform light emitting properties can be
ensured, and a method of fabricating the same.

[0013] An organic electroluminescent display apparatus
according to one aspect of the instant invention comprises a
plurality of organic electroluminescent devices constituting
a plurality of pixels of different colors, wherein each organic
electroluminescent device includes a first electrode, a light
emitting layer, a first carrier transporting layer and a second
electrode in this order; and the light emitting layer and the
first carrier transporting layer are formed to be continuous
layers, respectively in at least two of the adjacent organic
electroluminescent devices constituting pixels of the same
color.

[0014] Inthe organic electroluminescent display apparatus
according to the present invention, the light emitting layers
and the first carrier transporting layers are formed to be
continuous layers, respectively, in at least two of the adja-
cent organic electroluminescent devices constituting pixels
of the same color, so that the required accuracy of position-
ing the light emitting layers and the first carrier transporting
layers is alleviated in the extending direction. Accordingly,
the yield can be improved while the effective light emitting
area can be prevented from being reduced. Moreover, in
formation of the light emitting layers and the first carrier
transporting layers using a mask, the thickness of the light
emitting layers and the thickness of the first carrier trans-
porting layers become uniform, respectively at least in the
extending direction without the shadowing from an end
portion of an aperture of the mask being caused. Accord-
ingly, the uniform light emitting properties can be ensured.

[0015] A plurality of pixels are arranged in the form of a
matrix such that the pixels of the same color are arranged
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along the column direction and the pixels of different colors
are periodically arranged along the row direction, and the
light emitting layers and the first carrier transporting layers
of at least two organic electroluminescent devices in each
column may be formed to be striped layers, respectively.

[0016] In this case, the required accuracy of positioning
the light emitting layers and the first carrier transporting
layers in the column direction is alleviated. Accordingly, the
yield can be improved while the effective light emitting area
can be prevented from being reduced. Moreover, in forma-
tion of the light emitting layers and the first carrier trans-
porting layers using the mask, the thickness of the light
emitting layers and the thickness of the first carrier trans-
porting layers, respectively become uniform at least in the
column direction without the shadowing from an end portion
of an aperture of the mask being caused. Accordingly, the
uniform light emitting properties can be ensured.

[0017] The organic electroluminescent display apparatus
may further comprise second carrier transporting layers
between the first electrodes and the light emitting layers, the
first electrodes of the organic electroluminescent devices,
constituting respective pixels may be independently formed,
and the second carrier transporting layers of a plurality of
organic electroluminescent devices constituting at least two
pixels may be formed to be a continuous layer.

[0018] In this case, an area of the light emitting layer
located on each first electrode corresponds to a light emitting
area. Since the second carrier transporting layers of at least
two of the organic electroluminescent devices are formed to
be a continuous layer, high accuracy of positioning of the
second carrier transporting layer is not required. Accord-
ingly, the yield can be improved while the uniform light
emitting properties can be ensured.

[0019] An area separating adjacent pixels along the row
direction may be provided, and the interface between the
light emitting layers and the interface between the first
carrier transporting layers of adjacent organic electrolumi-
nescent devices in the row direction may be located on the
area. Here, “an area separating adjacent pixels” means a
non-light emitting area that exists between adjacent organic
electroluminescent devices, which corresponds to an area
between the first electrodes of adjacent organic electrolumi-
nescent devices.

[0020] In this case, even if the positions of the light
emitting layers and the first carrier transporting layers of the
organic electroluminescent devices deviate a bit in the
column direction, the effective light emitting area is not
reduced. Accordingly, the sufficient effective light emitting
area can be ensured as well as the uniform light emitting
properties can be ensured.

[0021] The light emitting layers and the first carrier trans-
porting layers of the organic electroluminescent devices
constituting pixels of at least two colors may contain the
same organic material.

[0022] In this case, in formation of the light emitting
layers and the first carrier transporting layers of the organic
electroluminescent devices constituting pixels of at least two
colors, the light emitting layers and the first carrier trans-
porting layers can be successively formed in the same
chamber without switching the organic material source for
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each color of pixels. Therefore, the fabrication time and the
fabrication cost can be reduced.

[0023] The first carrier transporting layers of the organic
electroluminescent devices constituting pixels of at least two
colors may differ in thickness from each other. In this case,
the optimum light emitting efficiencies for each color of
pixels can be attained.

[0024] A method of fabricating an organic electrolumines-
cent display apparatus comprising a plurality of organic
electroluminescent devices constituting a plurality of pixels
of different colors according to the present invention, com-
prises, in the following order, the steps of forming a first
electrode of each organic electroluminescent device; form-
ing light emitting layers to be a continuous layer in at least
two of adjacent organic electroluminescent devices consti-
tuting the pixels of the same color; forming first carrier
transporting layers to be a continuous layer in at least two of
the adjacent organic electroluminescent devices constituting
the pixels of the same color; and forming a second electrode
of each organic electroluminescent device.

[0025] According to the method of fabricating the organic
electroluminescent apparatuses of the present invention, the
light emitting layers and the first carrier transporting layers
are formed to be continuous layers, respectively, in at least
two of adjacent organic electroluminescent devices consti-
tuting pixels of the same color, so that the required accuracy
of positioning the light emitting layers and the first carrier
transporting layers is alleviated in the extending direction.
Accordingly, the yield can be improved while the effective
light emitting area can be prevented from being reduced.
Moreover, in formation of the light emitting layers and the
first carrier transporting layers using a mask, the thickness of
the light emitting layers and the thickness of the first carrier
transporting layers become uniform, respectively at least in
the extending direction without the shadowing from an end
portion of an aperture of the mask being caused. Accord-
ingly, the uniform light emitting properties can be ensured.

[0026] The plurality of pixels may be arranged in the form
of a matrix such that the pixels of the same color are
arranged along the column direction and the pixels of the
different colors are periodically arranged along the row
direction, and the step of forming light emitting layers to be
a continuous layer may include the step of forming the light
emitting layers of at least two organic electroluminescent
devices in each column to be a striped layer, and the step of
forming first carrier transporting layers to be a continuous
layer may include the step of forming the first carrier
transporting layers of at least two organic electrolumines-
cent devices in each column to be a striped layer.

[0027] In this case, the light emitting layers and the first
carrier transporting layers are formed to be a striped layer so
as to the required accuracy of positioning the light emitting
layers and the first carrier transporting layers in the column
direction. Accordingly, the yield can be improved while the
effective light emitting area can be prevented from being
reduced. Moreover, because of the formation of the light
emitting layers and the first carrier transporting layers, the
thickness of the light emitting layers and the thickness of the
first carrier transporting layers become uniform, respec-
tively, at least in the column direction without the shadowing
from an end portion of an aperture of the mask being caused.
Accordingly, the uniform light emitting properties can be
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ensured. In addition, because the light emitting layers and
the first carrier transporting layers of the pixels of the same
color can be formed to be continuous layers using the same
mask, the fabrication time and the fabrication cost can be
reduced.

[0028] The step of forming a first electrode may include
the step of independently forming first electrode of the
organic electroluminescent device constituting each pixel,
and the method may further comprise the step of forming, on
a plurality of the first electrodes, the second carrier trans-
porting layers of a plurality of organic electroluminescent
devices constituting at least two pixels to be a continuous
layer. In this case, an area of the light emitting layer located
on each of the first electrodes corresponds to a light emitting
area. Since the second carrier transporting layer is formed to
be a continuous in at least two of the organic electrolumi-
nescent devices, high accuracy of positioning of the second
carrier transporting layers. Accordingly, the yield can be
improved while the uniform light emitting properties can be
ensured.

[0029] The organic electroluminescent display apparatus
may comprise an area separating adjacent pixels along the
row direction, and the step of forming light emitting layers
to be a continuous layer may include the step of forming the
light emitting layers such that the interface between the light
emitting layers of adjacent organic electroluminescent
devices along the row direction is located on the area, and
the step of forming first carrier transporting layers to be a
continuous layer may include the step of forming the first
carrier transporting layers the interface between the first
carrier transporting layers of adjacent organic electrolumi-
nescent devices along the row direction is located on the
area.

[0030] Inthis case, even if the light emitting layers and the
first carrier transporting layers of the organic electrolumi-
nescent devices deviate in the column direction, the effective
light emitting area is not reduced. Accordingly, the sufficient
effective light emitting area can be ensured as well as the
uniform light emitting properties can be ensured.

[0031] The step of forming light emitting layers to be a
continuous layer and the step of forming first carrier trans-
porting layers to be a continuous layer may include the step
of forming successively the light emitting layers and the first
carrier transporting layers in the same chamber for each
color of pixels. Thus, the fabrication time and the fabrication
cost can be reduced.

[0032] The step of forming first carrier transporting layers
may include the step of forming the first carrier transporting
layers of the organic electroluminescent devices constituting
pixels of at least two different colors so as to be different in
thickness from each other. In this case, the optimum light
emitting efficiencies of the pixels of each color can be
attained.

[0033] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a schematic plan view showing the
arrangement of pixels of an organic EL display apparatus
according to one embodiment of the present invention.

Aug. 3, 2006

[0035] FIG. 2 is a plan view of organic EL devices,
constituting respectively a single set of R pixel, G pixel, and
B pixel of the organic EL display apparatus according to the
embodiment.

[0036] FIG. 3 is an A-A line cross-sectional view of the
organic EL display apparatus shown in FIG. 2.

[0037] FIG. 4 is a schematic view showing the cross-
sectional structure of the organic EL device in the organic
EL display apparatus of this embodiment in comparison with
the cross-sectional structure of an organic EL device having
a conventional structure.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Description is now made of an organic electrolu-
minescent display apparatus (hereinafter referred to as an
organic EL display apparatus) according to an embodiment
of the present invention.

[0039] FIG. 1 is a schematic plan showing the arrange-
ment of pixels of an organic EL display apparatus according
to one embodiment of the present invention. Organic EL
display apparatuses are composed of a plurality of organic
electroluminescent devices (hereinafter referred to as
organic EL devices).

[0040] In the organic EL display apparatus shown in FIG.
1, Rpix, which are pixels emitting red light (hereinafter
referred to as R pixels), Gpix, which are pixels emitting
green light (hereinafter referred to as G pixels), and Bpix,
which are pixels emitting blue light (hereinafter referred to
as B pixels) are arranged in the form of a matrix.

[0041] R pixels Rpix are composed of the organic EL.
devices emitting red light, G pixels Gpix are composed of
the organic EL devices emitting green light, and B pixels
Bpix are composed of the organic EL devices emitting blue

light.

[0042] Here, one direction and the other direction crossing
at right angles are named “row direction” and “column
direction” respectively. A plurality of sets Rpixels Rpix,
Gpixels Gpix, and B pixels Bpix are arranged periodically
along the row direction, and a plurality of R pixels Rpix, a
plurality of G pixels Gpix, and a plurality of B pixels Bpix
are arranged, respectively, along the column direction.
Namely, the pixels of the same color are arranged in the
column direction.

[0043] In the row direction, PI represents a pitch of R
pixels Rpix, and likewise represents G pixels Gpix, and B
pixels Bpix.

[0044] The size of a pixel in the row direction will be
named “pixel width”, and that in the column direction will
be named “pixel length” in the following description. As
described below, R pixels Rpix, G pixels Gpix, and B pixels
Bpix differ in width in the row direction.

[0045] Next, description is made of masks which are used
in forming a light emitting layer and an electron transporting
layer of the organic EL devices in an organic EL display
apparatus according to this embodiment. Since R pixels
Rpix, G pixels Gpix, and B pixels Bpix differ in width in the
row direction as described above, masks for R pixels Rpix,
G pixels Gpix, and B pixels Bpix, are prepared respectively.
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[0046] In fabricating the conventional organic EL devices,
masks having descrete apertures each corresponding to each
pixel are used. Masks used in this embodiment, on the other
hand, have a plurality of apertures to be used in common
between a plurality of adjacent pixels in the column direc-
tion. The pitch of an aperture is equal to the pitch PI between
the pixels of the same color in the row direction.

[0047] For example, an aperture is used in common
between a plurality of adjacent R pixels Rpix in the column
direction. Likewise, an aperture is used in common between
a plurality of adjacent G pixels Gpix in the column direction,
and an aperture is used in common between a plurality of
adjacent B pixels Bpix in the column direction.

[0048] The width of an aperture corresponds to the width
of one pixel. That is, the width of an aperture for the mask
for R pixels Rpix corresponds to the width of one R pixel
Rpix, the width of an aperture for G pixels Gpix corresponds
to the width of one G pixel Gpix, and the width of an
aperture for the mask for B pixels Bpix corresponds to the
width of one B pixel Bpix.

[0049] Furthermore, the length of an aperture is deter-
mined depending on the number of pixels used in common.
Namely, in the case where the light emitting layer and the
electron transporting layer of two adjacent pixels are used in
common, the length of an aperture is set to the length of a
pixelx2. In the case where the light emitting layer and the
electron transporting layer of n (n is an arbitrary integer not
less than two) adjacent pixels are used in common, the
length of an aperture is set to the length of a pixelxn. In this
embodiment, assuming that k represents the number of all
the pixels in the column direction, the length of an aperture
is set to the length of a pixelxk so as to allow all the pixels
arranged in the column direction to be used in common the
light emitting layer and the electron transporting layer.

[0050] The thickness of each mask for R pixels Rpix, G
pixels Gpix, and B pixels Bpix is, for example, 50 pm.

[0051] Deposition of organic materials using such masks
enables the light emitting layers and electron transporting
layers of R pixels Rpix, G pixels Gpix, and B pixels Bpix,
to form striped layers extending respectively, in the column
direction.

[0052] FIG. 2 is a plan view of the organic EL devices,
constituting respectively a single set of R pixel, G pixel, and
B pixel of the organic EL display apparatus according to this
embodiment. FIG. 3 is an A-A line cross-sectional view of
the organic EL display apparatus shown in FIG. 2.

[0053] FIG. 2 shows, in sequence from the left, an R pixel
Rpix comprising a red light emitting layer, a G pixel Gpix
comprising a green light emitting layer, and a B pixel Bpix
comprising a blue light emitting layer.

[0054] The structure of each pixel is identical in the plan
view. A pixel is formed in an area surrounded by two gate
signal lines 51 extending in the row direction and two drain
signal lines (data lines) 52 extending in the column direc-
tion. In the area of each pixel, an n-channel type first TFT
130, which serves as a switching device, is formed near the
intersection of the gate signal line 51 and the drain signal
line 52, and a p-channel type second TFT 140, which serves
to drive the organic EL device, is formednear the center. In
addition, an auxiliary electrode 70, and a hole injecting
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electrode 12 composed of Indium Tin Oxide (ITO) are
formed in the area of each pixel. An organic EL device is
formed in the form of an island in the area of the hole
injecting electrode 12.

[0055] The first TFT 130 has its drain connected to the
drain signal line 52 through a drain electrode 134, its source
connected to an electrode 55 through a source electrode 13s.
A gate electrode 11 of the first TFT 130 extends from the
gate signal line 52.

[0056] An auxiliary capacitance 70 is composed of an Sc
line 54 receiving a power voltage Vsc and an electrode 55
integrated with an active layer 11 (see FIG. 4).

[0057] The second TFT 140 has its drain connected to the
hole injecting electrode 12 through a drain electrode 434, its
source connected to a power source line 53 extending in the
column direction, through a source electrode 43s. A gate
electrode 41 of the second TFT 140 is connected to the
electrode 55.

[0058] The width LR of an R pixel Rpix, LG of a G pixel
Gpix, and LB of a B pixel Bpix are set, respectively, to
equalize the amounts of light from the R pixel Rpix, G pixel
G pix, and B pixel Bpix in consideration of the light emitting
efficiency of each organic EL device. In this embodiment,
The width LR of an R pixel Rpix is 75.5 pm, LG of'a G pixel
Gpix is 56.5 wm, and LB of a B pixel Bpix is 66 um.

[0059] As shown in FIG. 3, the active layer 11 composed
of polycrystalline silicon and the like is formed on a glass
substrate 10, a part of which is the second TFT 140 serving
to drive the organic EL device. A gate electrode 41 having
a double-gate structure is formed on the active layer 11 with
a gate oxide film (not illustrated) interposed therebetween,
and an inter-layer insulating film 13 and a first flat layer 15
are formed on the active layer 11 to cover the gate electrode
41. An example of materials of the first flat layer 15 is an
acrylic resin. The transparent hole injecting electrode 12 is
formed on the first flat layer 15 in each pixel, and an
insulating second flat layer 18 is formed on the first flat layer
15 to cover the hole injecting electrode 12.

[0060] The second TFT 140 is formed under the second
flat layer 18. Note that the second flat layer 18 is not formed
on the whole surface of the hole injecting electrode 12; it is
formed to cover the area where the second TFT 140 is
formed, and is formed locally in the shape of the second flat
layer so as to avoid the disconnection of the hole injecting
electrode 12 or each organic material layer shown below.

[0061] A hole transporting layer 16 is formed over the
whole area to cover the hole injecting layer 12 and the
second flat layer 18.

[0062] On the hole transporting layers 16 of the R pixel
Rpix, G pixel Gpix, and B pixel Bpix, a red light emitting
layer 22, green light emitting layer 24, and blue light
emitting layer 26 are formed, respectively, to have a stripe
shape extending in the column direction.

[0063] The interfaces between the striped red light emit-
ting layer 22, striped green light emitting layer 24, and
striped blue light emitting layer 26 are provided in the area
on the surface of the second flat layer 18 in parallel with the
glass substrate 10.

[0064] On each of the red light emitting layer 22, green
light emitting layer 24, and blue light emitting layer 26 of the
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R pixel Rpix, G pixel Gpix, and B pixel Bpix, a striped
electron transporting layer 28 is formed extending in the
column direction.

[0065] The light emitting layers 22, 24 and 26, and the
electron transporting layer 28 of the R pixel Rpix, G pixel
Gpix, and B pixel Bpix are formed to be continuous layers,
for each color, in the multi-chamber type organic EL, manu-
facturing apparatus comprising a plurality of vapor deposi-
tion chambers. Namely, the red light emitting layer 22 and
the electron transporting layer 28 of the R pixel Rpix are
formed to be a continuous layer using the same mask in a
first vapor deposition chamber. The green light emitting
layer 24 and the electron transporting layer 28 of the G pixel
Gpix are formed to be a continuous layer using the same
mask in a vapor deposition chamber. The blue light emitting
layer 26 and the electron transporting layer 28 of the B pixel
Bpix are formed to be a continuous layer using the same
mask in a third vapor deposition chamber. Thus, the inter-
faces between the electron transporting layers 28 are pro-
vided to overlap the interfaces between the red light emitting
layer 22, the green light emitting layer 24, and the blue light
emitting layer 26.

[0066] Such formation of each of the light emitting layers
22, 24, 26, and the electron transporting layer 28 in different
vapor deposition chambers for each color, as described
before, can avoid the cross-contamination of dopants, which
is caused by forming the three kinds of light emitting layers
22,24, 26, and the electron transporting layer 28 in the same
vapor deposition chamber.

[0067] Furthermore, a lithium fluoride layer 30 and an
electron injecting electrode 32 are formed, in sequence, on
each of the electron transporting layers 28.

[0068] In such an organic EL display apparatus, when a
selection signal is output to the gate signal line 51, the first
TFT 130 turns on, and in response to a voltage value (data
signal) supplied to the drain signal line 52, the auxiliary
capacity 70 is charged. The gate electrode 41 of the second
TFT 140 receives a voltage corresponding to a charge
charged in the auxiliary capacity 70. Thus a current supplied
to the organic EL device from the power source line 53 is
controlled, so that the organic EL device emits light with a
luminance corresponding to the current supplied.

[0069] Examples of the material usable for the hole inject-
ing electrode 12 may be ITO, oxide tin (SnO2), oxide
indium (In203), and so forth.

[0070] An example of the material usable for the hole
transporting layer 16 is N,N'-Di(naphthalene-1-y1)-N,N'-
diphenyl-benzidine (hereinafter referred to as NPB) having
a molecular structure expressed by Formula (1):
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[0071] Another example of the material usable for the hole
transporting layer 16 may be 4,4'4"-tris(3-methylphe-
nylphenylamino)triphenylamine (MTDATA) having a
molecular structure expressed by Formula (2):

@

CH; CH;,

[0072] Still another example of the material usable for the
hole transporting layer 16 may be N,N'-diphenyl-N,N'-di(3-
methylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD) having a
molecular structure expressed by Formula (3).

[0073] Examples of the host materials usable for the red
light emitting layer 22 and the green light emitting layer 24
may be chelate metal complexes, wherein a plurality of
ligands are coordinated to one metal ion, such as an alm-
iquinoline complex (Alq3) having a molecular structure
expressed by Formula (4), and a Bis(benzoquinolinolato)be-
ryllium complex (BeBq2) having a molecular structure
expressed by Formula (5), and the like.
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-continued

®)

[0074] In general, organic EL devices formed of a chelate
metal complex as a host material have difficulties in emitting
blue light, which is a color of shortwavelength. Therefore, a
condensation polycyclic aromatic group, such as acetone or
its derivatives including tert-butyl substituted dinaphthylan-
thracene (hereinafter referred to as TBADN) having a
molecular structure expressed by Formula (6), distylbenzen
and its derivatives, and so forth is used as a host material of
the blue light emitting layer 26.

©
C(CHs);

[0075] Furthermore, with one of the chelate metal com-
plexes or the condenstion polycyclic aromatic group shown
above, used as the host material, the organic EL devices of
desired light emitting properties can be obtained by doping
of dopants such as Rubrene having a molecular structure
expressed by Formula (7), 2-(1,1-Dimethylethly)-6-(2-(2,3,
6,7-tetrahydro-1,1,7,7-tetramethyl-111,
lizin-9-yl)ethenyl)-4H-pyran-4-ylidene)
(hereinafter referred to as DCJTB) having a molecular
structure expressed by Formula (8), a quinacridone deriva-
tive having a molecular structure expressed by Formula (9),
TBADN and so forth.

SII-benzo[ij]quino-
Propanedinitril
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[0076] Examples of the material usable for the electron
transporting layer 28 are chelate metal complexes such as
Alqg3, BeBq2 or the like.

[0077] Examples of the material usable for the electron
injecting electrode 32 are an aluminium alloy containing a
trace of aluminum and lithium, a magnesium-indium alloy,
a magnesium-silver alloy and so forth. Furthermore, an
electrode having a dual-layer structure composed of the
lithium fluoride layer 30 and the electron injecting electrode
32 may be formed on the electrode transporting layer 28.

[0078] Inthe organic EL display apparatus of this embodi-
ment, the striped red light emitting layer 22, striped green
light emitting layer 24, and striped blue light emitting layer
26, are formed respectively to extend in the column direction
on the hole transporting layers 16 of the pixels of each color,
and the striped electron transporting layers 28 is formed in
the column direction on the red light emitting layer 22, the
green light emitting layer 24, and the blue light emitting
layer 26, respectively. Accordingly, the required accuracy of
positioning each of the light emitting layers 22, 24, 26 and
electron transporting layers 28 is alleviated at least in the
column direction. Moreover, each of the light emitting layers
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22, 24, 26 and electron transporting layers 28 can be formed
to be a continuous layer in the same vapor deposition
chamber using the same mask.

[0079] Furthermore, the interfaces between the striped
light emitting layers 22, 24, 26 of each color and the
interfaces between the electron transporting layers 28 are
provided in such areas not affecting the display. Therefore,
the slight deviation in the positions of the light emitting
layers 22, 24, 26 of each color and each electron transporting
layer 28 toward the column direction does not make the
actual light emitting area smaller.

[0080] FIG. 4 is a schematic view showing the cross-
sectional structure of the organic EL device in the organic
EL display apparatus of this embodiment in comparison with
the cross-sectional structure of the organic EL device having
a conventional structure. FIG. 4 shows, as a representative
example, the organic EL device comprising the red light
emitting layer 22, with the structure shown in FIG. 3 partly
omitted in order to make the explanation simple.

[0081] FIG. 4(a) shows the structure of the organic EL
device according to this embodiment in which the interface
of the red light emitting layer 22 is formed over the second
flat layer 18. FIG. 4(b) shows the conventional structure in
which the red light emitting layer 22 is formed in an area
almost equal to that of the light emitting area. FIG. 4(c)
shows an example of the case where the deviation in the
position of the red light emitting layer 22 has occurred due
to the deviation in the position of the mask in formation of
the organic EL device having the conventional structure.

[0082] As shown in FIG. 4(a), in this embodiment, the red
light emitting layer 22 and the electron transporting layer 28
are formed over a wider range of area than the actual light
emitting area. Organic El devices, in general, hardly emit
light on the area on the second flat layer 18 where no hole
injecting electrode 12 is provided. Therefore, the slight
deviation in the positions of the light emitting layers 22 and
the electron transporting layer 28 toward the column direc-
tion to does not make the actual light emitting area smaller.
The yield of the product is not thus reduced by the positional
deviation of the light emitting layers 22, 24, 26, and the
electron transporting layer 28.

[0083] In the conventional structure, on the other hand, as
shown in FIG. 4(b), the red light emitting layer 22 and the
electron transporting layer 28 are formed within the actual
light emitting area. Accordingly, only the slight positional
deviation of the red light emitting layer 22 results in the
smaller light emitting area. This deviation is attributed to the
positional deviation of the mask, and therefore, the whole
organic EL display apparatus exhibits red color of low
luminance, such that the white balance of the image dis-
played by the organic EL display apparatus is lost. There-
fore, such organic EL display apparatuses are counted as
defective products of reduced yield.

[0084] Description is now made of the optimum thick-
nesses of the electron transporting layers 28 of the R pixel
Rpix, G pixel Gpix, and B pixel Bpix.

[0085] In organic EL devices, the light emitted from the
light emitting layer is intensified with all of the optical path
lengths of organic material layers including the light emit-
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ting layer, underlayers (SiO2 and SiN), and a glass substrate
satisfying one of the following formulas:

An/ My d+ndotnsdst .. 4me)=2 mn (AD)
or

A/ N d +nsdotnadat . L Amd)=(2 m-1)m (A2)

wherein m is an integer, n,-n, is the refractive index of each
layer, and d,-d,. is the thickness of each layer. In addition, A
represents the superlarge wavelength of an electrolumines-
cence, which is defined in the following range, for the light
emissions of each color:

[0086] organic EL device emitting red light: A=600-640
(nm)

[0087] organic EL device emitting green light: A=510-550
(nm)

[0088] organic EL device emitting blue light: A=430-480
(nm)

[0089] Here, based on the above Formula (A1) or (A2),
the optimum thicknesses of the electron transporting layers
28 of the R pixel Rpix, G pixel Gpix, and B pixel Bpix in
the organic EL display apparatus shown below will be
found.

[0090] In the embodiment, the hole injecting electrode 12
is composed of ITO, and the hole transporting layer 16 is
composed of NPB with a thickness of 1900 A. Furthermore,
a hole injecting layer composed of CuPc (copper phthalo-
cyanine) with a thickness of 100 A, and a CFx (carbon
fluoride) thin film with a thickness of 10 A formed by
plasma CVD (plasma chemical vapor deposition) are pro-
vided between the hole injecting electrode 12 and the hole
transporting layer 16.

[0091] In R pixels Rpix, the red light emitting layer 22
contains, as a host material, Tris(8-hydroxyguinolinato)alu-
minum (hereinafter referred to as Alq) having a molecular
structure expressed by Formula (10), and is doped with 1.7%
DCITB, and 20% Rubrene. The red light emitting layer 22
has a thickness of 350 A.

10)

[0092] In G pixels Gpix, the green light emitting layer 24
contains, as a host material, Alq, and is doped with 0.7%
3,4-Difuluoro-N,N'-Dimethyl-quinacridone (hereinafter
referred to as CFDMQA) having a molecular structure
expressed by Formula (11), and 20% TBADN. The green
light emitting layer 24 has a thickness of 350 A.
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[0093] In B pixels Bpix, the blue light emitting layer 26
contains, as a host material, TBADN, and is doped with
1.5% tert-butyl substituted perylene (hereinafter referred to
as TBAP). The blue light emitting layer 26 has a thickness of
400 A.

[0094] The electron transporting layer 28 is composed of
Alq shown above. Furthermore, the lithium fluoride layer 30
has a thickness of 10 A. The electron injecting electrode 32
is composed of Al with a thickness of 4000 A.

[0095] Tt is found from the above Formula (A1) or (A2)
that the optimum thickness of the electron transporting layer
of R pixels Rpix is 250 A, that of G pixels Gpix is 350 A,
and that of B pixels Bpix is 100 A.

[0096] It is thus possible to attain the optimum light
emitting efficiencies for each color by setting the thickness
of the electron transporting layer 28 to its optimum value for
each of R pixels Rpix, B pixels Gpix, and B pixels Bpix.

[0097] Furthermore, in R pixels Rpix and G pixels Gpix of
this embodiment, the light emitting layer 22, 24, and the
electron transporting layers 28 contain the same host mate-
rial Alq, thereby eliminating the need to switch a deposition
source in the first vapor deposition chamber and the second
vapor deposition chamber.

[0098] In the embodiment, the hole injecting electrode 12
corresponds to a first electrode, the electron injecting elec-
trode 32 corresponds to a second electrode, and the electron
transporting layer 28 corresponds to a first carrier transport-
ing layer, and the hole transporting layer 16 corresponds to
a second carrier transporting layer.

[0099] The structure of the organic EL device of this
invention can be replaced by various other structures with-
out being limited to the one shown above. For example, an
electron injecting layer may be provided between the elec-
tron transporting layer 28 and the electron injecting elec-
trode 32.

[0100] Moreover, various well-known high molecular
materials can be used as materials of the light emitting layer
22, 24, 26. In that case, the hole transporting layer 16 does
not have to be provided.

[0101] Tt should be mentioned here that the red light
emitting layer 22, green light emitting layer 24, and blue
light emitting layer 26 of all the pixels in the column
direction of each color may not necessarily be formed to be
a continuous layer, but the red light emitting layer 22, green
light emitting layer 24, and blue light emitting layer 26 of at
least two pixels in the column direction of each color may
be formed to be a continuous layer. That is, the pixels in the
column direction of each color may be divided into a
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plurality of groups, wherein the red light emitting layers 22,
green light emitting layers 24, and blue light emitting layers
26 of a plurality of pixels in each group, may be formed to
be continuous layers. In this case, the interfaces between the
groups are located in such areas not affecting the display.

[0102] The electron transporting layers 28 of all the pixels
in the column direction of each color may not be formed to
be a continuous layer, but the electron transporting layer 28
of at least two pixels in the column direction of each color
may be formed to be a continuous layer. For example, the
pixels in the column direction of each color may be divided
into a plurality of groups, wherein the electron transporting
layers 28 of a plurality of pixels in each group may be
formed to be continuous layers. In this case, too, the
interfaces between the groups are located in such areas not
affecting the display.

[0103] Furthermore, the hole transporting layer 16 of all
the pixels in the column direction of each color may not be
formed to be a continuous layer, but the hole transporting
layer 16 of at least two pixels in the column direction of each
color may be formed to be a continuous layer. For example,
the pixels in the column direction of each color may be
divided into a plurality of groups, wherein the hole trans-
porting layers 16 of a plurality of pixels in each group may
be formed to be continuous layers. In this case, too, the
interfaces between the groups are located in such areas not
affecting the display.

[0104] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What is claimed is:

1. An organic electroluminescent display apparatus com-
prising a plurality of organic electroluminescent devices
constituting a plurality of pixels of different colors, wherein

each organic electroluminescent device includes a first
electrode, a light emitting layer, a first carrier trans-
porting layer and a second electrode in this order, and

said light emitting layer and said first carrier transporting
layer are formed to be continuous layers, respectively,
in at least two of the adjacent organic electrolumines-
cent devices constituting pixels of the same color.
2. The organic electroluminescent display apparatus
according to claim 1, wherein

said plurality of pixels are arranged in the form of a matrix
such that the pixels of the same color are arranged
along the column direction and the pixels of different
colors are periodically arranged along the row direc-
tion, and

said light emitting layers and said first carrier transporting
layers of at least two organic electroluminescent
devices in each column are formed to be striped layers,
respectively.
3. The organic electroluminescent display apparatus
according to claim 2, wherein

each organic electroluminescent device further comprises
a second carrier transporting layer between said first
electrode and said light emitting layer,
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each of said first electrodes of the organic electrolumi-
nescent devices constituting respective pixels is inde-
pendently formed, and

said second carrier transporting layers in a plurality of
organic electroluminescent devices constituting at least
two pixels are formed to be a continuous layer.
4. The organic electroluminescent display apparatus
according to claim 2, wherein

an area separating adjacent pixels along the row direction
is provided, and

an interface between said light emitting layers and an
interface between said first carrier transporting layers
of adjacent organic electroluminescent devices in the
row direction are located on said area.
5. The organic electroluminescent display apparatus
according to claim 1, wherein

said light emitting layers and said first carrier transporting
layers of the organic electroluminescent devices con-
stituting pixels of at least two colors contain the same
organic material.
6. The organic electroluminescent display apparatus
according to claim 1, wherein

said first carrier transporting layers of the organic elec-
troluminescent devices constituting pixels of at least
two colors differ in thickness from each other.

7. A method of fabricating an organic electroluminescent
display apparatus comprising a plurality of organic elec-
troluminescent devices constituting a plurality of pixels of
different colors, comprising, in the following order, the steps
of:

forming a first electrode of each organic electrolumines-
cent device;

forming light emitting layers of at least two of adjacent
organic electroluminescent devices constituting the
pixels of the same color to be a continuous layer;

forming first carrier transporting layers of at least two of
adjacent organic electroluminescent devices constitut-
ing the pixels of the same color to be a continuous
layer; and

forming a second electrode of each organic electrolumi-
nescent device.
8. The method of fabricating an organic electrolumines-
cent display apparatus according to claim 7, wherein

said plurality of pixels are arranged in the form of a matrix
such that the pixels of the same color are arranged
along the column direction and the pixels of different
colors are periodically arranged along the row direc-
tion, and

said step of forming light emitting layers to be a continu-
ous layer include the step of forming said light emitting
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layers of at least two organic electroluminescent
devices in each column to be a striped layer, and

said step of forming first carrier transporting layers to be
a continuous layer include the step of forming said first
carrier transporting layers of at least two organic elec-
troluminescent devices in each column to be a striped
layer.
9. The method of fabricating an organic electrolumines-
cent display apparatus according to claim 8, wherein

said step of forming first electrodes includes the step of
independently forming each of said first electrodes of
the organic electroluminescent devices constituting
respective pixels,

said method further comprising the step of forming, on a
plurality of said first electrodes, said second carrier
transporting layers of a plurality of organic electrolu-
minescent devices constituting at least two pixels to be
a continuous layer.

10. The method of fabricating an organic electrolumines-

cent display apparatus according to claim 8, wherein

said organic electroluminescent display apparatus com-
prises an area separating adjacent pixels along the row
direction, and

said step of forming light emitting layers to be a continu-
ous layer includes the step of forming said light emit-
ting layers such that an interface between said light
emitting layers of adjacent organic electroluminescent
devices along the row direction is located on said area,
and

said step of forming first carrier transporting layers to be
a continuous layer includes the step of forming said
first carrier transporting layers such that an interface
between said first carrier transporting layers of adjacent
organic electroluminescent devices along the row
direction is located on said area.

11. The method of fabricating an organic electrolumines-

cent display apparatus according to claim 7, wherein

said step of forming light emitting layers to be a continu-
ous layer and said step of forming first carrier trans-
porting layers to be a continuous layer include the step
of forming said light emitting layers and said first
carrier transporting layers to be continuous layers in the
same chamber for each color of the pixels.

12. The method of fabricating an organic electrolumines-

cent display apparatus according to claim 7, wherein

said step of forming first carrier transporting layers to be
a continuous layer includes the step of forming said
first carrier transporting layers of the organic electrolu-
minescent devices constituting pixels of at least two
different colors to be different in thickness from each
other.
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