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ORGANIC ELECTROLUMINESCENT DISPLAY
DEVICE AND METHOD OF FORMING THE SAME

RELATED APPLICATION

[0001] This application is a division of co-pending appli-
cation Ser. No. 09/027,557 filed on Feb. 23, 1998, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an organic elec-
troluminescent display device and a method of forming the
same, and more particularly to an organic electrolumines-
cent display device suitable for a flat display and a method
of forming the same.

[0003] FIG. 1 is a fragmentary cross sectional elevation
view illustrative of a conventional organic electrolumines-
cent display device. The organic electroluminescent display
device is formed on a transparent supporting substrate 31.
Usually, a transparent electrode made of indium tin oxide is
first patterned on the transparent supporting substrate 31 by
use of a photolithography and subsequent wet etching in
chemicals including ferric chloride. The patterned indium
tin oxide transparent electrode 32 serves as an anode. An
organic electroluminescent layer 35 is deposited on the
patterned indium tin oxide transparent electrode 32 by a
vacuum evaporation method. A cathode 37 is then patterned
on the organic electroluminescent layer 35. If the cathode 37
is patterned by a wet etching which uses a photo-resist
technique, it is required to remove the used photo-resist film
from the cathode 37 after the wet etching. This causes the
following problem.

[0004] When the used photo-resist film is removed from
the cathode 37 and also when the etching to the cathode is
made by the photo-resist, a moisture infiltration appears onto
an interface between the organic electroluminescent layer
and the cathode. This moisture infiltration causes remark-
able deterioration in luminescent property and life-time
characteristic.

[0005] In order to avoid those problems, a shadow mask
may be formed for evaporations of a plurality of organic
electroluminescent materials and the cathode to form the
organic electroluminescent display device.

[0006] If the shadow mask is used as illustrated in FIG. 1,
a transparent clectrode made of, for example, indium tin
oxide is deposited by a sputtering method on the transparent
supporting substrate 31 of glass for subsequent patterning of
the transparent electrode into a stripe shape anode 32. Then,
first and second organic electroluminescent layers 33 and 34
are laminated entirely over the anode 32 and the transparent
supporting substrate 31. The laminations of the first and
second organic electroluminescent layers 33 and 34 form an
organic electroluminescent layer 35.

[0007] A shadow mask made of a metal is prepared which
has a striped shielding portion 36 with stripe-shaped slits.
This shadow mask is placed so that the stripe-shaped slits
have a longitudinal direction perpendicular to the direction
of the anode pattern and the shadow mask is made into
contact with the organic electroluminescent layer 35. There-
after, the cathode material is deposited by a vacuum evapo-
ration onto the organic electroluminescent layer 35 through
he shadow mask.
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[0008] In Japanese laid-open patent publication No.
5-275172, there is disclosed an organic electroluminescent
image display and a method of manufacturing the same. A
plurality of indium tin oxide anode lines are aligned over the
transparent supporting substrate at an interval in a lateral
direction. Walls are provided which are distanced in a
direction perpendicular to the anode lines before the organic
electroluminescent layer is formed on the transparent sup-
porting substrate surface having the indium tin oxide anode
lines and the walls. The walls have a height which is higher
than the thickness of the organic electroluminescent layer.
Then, a metal vapor phase deposition source is set at such an
angle that an isolation wall is inserted between the source
and an adjacent portion to the organic electroluminescent
layer surface whereby a metal film serving as a cathode is
formed.

[0009] As a material of the walls, a spin-coated negative
photo-resist film or a dry film is available. The photo-resist
or the dry film is exposed to an optical pattern so that the
exposed region of the photo-resist shows a cross-linking
reaction and to be insoluble whilst the unexposed region of
the photo-resist is developed and cleaned to be removed
whereby the patterned walls of photo-resist are made.

[0010] Alternatively, there is disclosed the following
method of forming the walls. A photo-resist is provided by
patterning process on a region surrounding an area on which
walls are intended to be formed later. Subsequently, a wall
material such as silica, silicon nitride or alumina is applied
on the above region. Thereafter, the photo-resist is removed
by a lift-off method to form the walls.

[0011] If a metal for cathode is deposited by a vacuum
evaporation at an oblique angle, then the metal is isolated
along the walls at a potion where the wall is sandwiched
between that portion and the organic electroluminescent
layer. As a result, he cathode can be formed which has the
desired pattern.

[0012] A voltage in the range of 5-20V across the anode
and the cathode is applied to between the anode and cathode
to cause a current though the organic electroluminescent
layer whereby the organic electroluminescent display device
formed in the above manners is driven.

[0013] The above conventional organic electrolumines-
cent display device has such a structure that the organic
electroluminescent layer is sandwiched between the anode
and cathode. A voltage is applied between the anode and
cathode to cause luminescence of the organic electrolumi-
nescent layer, for which reason in order to display a desired
pattern, desired patterning to the abode and cathode is
required. In a dot-matrix display, the patterning to the anode
and cathode is so made that the anode and cathode are made
cross to each other in matrix.

[0014] As described above, the patterning to the anode on
the transparent supporting substrate is relatively easy. The
problem is in the patterning to the cathode on the organic
electroluminescent layer. If the wet etching method using
the photo-resist technique is used, then the cathode is
selectively etched and thereafter the photo-resist is removed.
At those times, a moisture infiltration appears onto an
interface between the organic electroluminescent layer and
the cathode, whereby the luminescent property and the life
time of the display are remarkable deteriorated.
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[0015] To avoid the above problem, it had been proposed
to use a shadow mask for patterning the cathode on the
organic electroluminescent layer. It had also been proposed
to use the patterning to the cathode by use of the photo-resist
walls as masks.

[0016] In the method using the shadow mask, if, however,
the substrate has a large size, then the shadow mask is not
securely fitted on the organic electroluminescent layer at a
center portion of the transparent supporting substrate due to
a weight of the shadow mask whereby it is difficult to obtain
a desired and accurate pattern of the cathode. This might
form a shot circuit of the cathode. Even if the substrate size
is not so large but a fine pattern is required, then it is required
that the shadow mask is thin. Such thin shadow mask has a
small rigidity whereby it is difficult to securely contact the
shadow mask with the organic electroluminescent layer.

[0017] To attempt to scttle the above problem, it had been
proposed that a thin shadow mask of a magnetic material is
formed and a magnet is placed on an opposite surface to the
surface of the transparent supporting substrate on which the
organic electroluminescent layer has been provided, so that
stripe shaped portions of the shadow mask is forced into
securely contact with the organic electroluminescent layer
by a magnetic force. It might, however, be possible that the
shadow mask has provided a scratch 38 to the organic
electroluminescent layer before the shadow mask is made
into securely contact with the organic electroluminescent
layer. The thickness of the organic electroluminescent layer
is thinner than 1 micrometer to suppress the driving voltage
at not more than 20V, for which reason the scratch 38 might
reach the anode beneath the organic electroluminescent
layer. If the scratch 38 exits at a position where a cathode
pattern is intended to be formed, a metal for cathode is made
into contact with the anode 32 through the scratch 38
whereby a short circuit is then formed between the anode
and cathode. The short circuit between the anode and
cathode prevents the necessary voltage from being applied
to the organic electroluminescent layer sandwiched between
the cathode and anode. As a result, no influence appears on
the display pixel located at a position where the short circuit
is formed. This causes a drop of the yield of the display.

[0018] In the later method using the photo-resist walls, it
is required to provide walls between the organic electrolu-
minescent layer and the an evaporation source for deposition
of a metal for the cathode, for which reason a large vacuum
evaporator is required for patterning a cathode over a large
size transparent supporting substrate. This requires a large
cost for the equipment. The manufacturing cost is therefore
increased.

[0019] Adjacent two cathodes are distanced at a distance
which corresponds to the sum of a width of the wall and a
width of a region projected onto the organic electrolumi-
nescent layer surface along the walls sandwiched between
the evaporation source for evaporating a metal of cathode
and the organic electroluminescent layer. For this reason, in
case of the large size display substrate, the separation width
of the pixels onto which the walls are projected is different
between positions near and far the evaporation source for
evaporating the metal of cathode.

[0020] Further, if the patterns extend almost in parallel to
a straight line connecting between the evaporation source for
evaporating the metal of cathode and the transparent sup-
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porting substrate, then the wall has no part which is pro-
jected onto the organic electroluminescent layer. This means
it impossible to pattern the cathode over the organic elec-
troluminescent layer.

[0021] In the above circumstances, it had been required to
develop a novel organic electroluminescent display device
free from the above problems and disadvantages.

SUMMARY OF THE INVENTION

[0022] Accordingly, it is an object of the present invention
to provide a novel organic electroluminescent display device
free from the above problems.

[0023] Tt is a further object of the present invention to
provide a novel organic electroluminescent display device
free from any damage of an organic electroluminescent
layer.

[0024] Ttis a still further object of the present invention to
provide a novel organic electroluminescent display device
free from any deterioration of an organic electroluminescent
layer.

[0025] Tt is yet a further object of the present invention to
provide a novel organic electroluminescent display device
allowing a easy fine patterning to a cathode.

[0026] Tt is a further more object of the present invention
to provide a novel organic electroluminescent display device
allowed to be manufactured at a lost cost.

[0027] Tt is still more object of the present invention to
provide a novel organic electroluminescent display device
allowed to be manufactured at a lost cost.

[0028] It is moreover object of the present invention to
provide a novel organic electroluminescent display device
allowing any desired patterning to the cathode.

[0029] The above and other objects, features and advan-
tages of the present invention will be apparent from the
following descriptions.

[0030] A novel organic electroluminescent display device
comprising a transparent supporting substrate, a transparent
anode of a plurality of stripes provided on the transparent
supporting substrate, an organic electroluminescent layer
extending over the transparent supporting substrate and the
transparent anode, and a cathode of a plurality of stripes
which extend in a direction perpendicular to a direction
along which the stripes of the anode extend, wherein at least
an insulative separation wall is provided between the stripes
of the anode and the insulative separation wall has a height
which is higher than a sum of a thickness of the anode and
a thickness of the organic electroluminescent layer and
further wherein the organic electroluminescent layer also
extends over the insulative separation wall.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Preferred embodiments according to the present
invention will be described in detail with reference to the
accompanying drawings.

[0032] FIG. 1 is a fragmentary cross sectional elevation
view illustrative of a conventional organic electrolumines-
cent display device.
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[0033] FIG. 2 is a plane view illustrative of a novel
organic electroluminescent display in a first embodiment in
accordance with the present invention.

[0034] FIGS. 3A through 3F are fragmentary cross sec-
tional elevation views illustrative of sequential processes
involved in a novel method of forming a novel organic
electroluminescent displays in a first embodiment in accor-
dance with the present invention.

[0035] FIG. 4 is a plane view illustrative of a shadow
mask to be used for forming a novel organic electrolumi-
nescent displays in accordance with the present invention.

[0036] FIG. 5 is a plane view illustrative of another
shadow mask to be used for forming a novel organic
electroluminescent displays in accordance with the present
invention.

[0037] FIGS. 6A through 6B are fragmentary cross sec-
tional elevation views illustrative of sequential processes
involved in a novel method of forming a novel organic
electroluminescent displays in a second embodiment in
accordance with the present invention.

[0038] FIG. 7 is a fragmentary cross sectional elevation
view illustrative of a sequential process involved in a novel
method of forming a novel organic electroluminescent dis-
plays in a third embodiment in accordance with the present
invention.

DISCLOSURE OF THE INVENTION

[0039] A novel organic electroluminescent display device
comprising a transparent supporting substrate, a transparent
anode of a plurality of stripes provided on the transparent
supporting substrate, an organic electroluminescent layer
extending over the transparent supporting substrate and the
transparent anode, and a cathode of a plurality of stripes
which extend in a direction perpendicular to a direction
along which the stripes of the anode extend, wherein at least
an insulative separation wall is provided between the stripes
of the anode and the insulative separation wall has a height
which is higher than a sum of a thickness of the anode and
a thickness of the organic electroluminescent layer and
further wherein the organic electroluminescent layer also
extends over the insulative separation wall.

[0040] The insulative isolation wall may comprise a plu-
rality of stripes, each of which continuously extends over the
transparent supporting substrate in a parallel direction to the
stripes of the anode so that the stripes of the insulative
isolation wall are extend between the stripes of the anode.

[0041] Alternatively, the insulative isolation wall may
comprise a plurality of stripes, each of which further com-
prises a plurality of segments separated by gaps and aligned
over the transparent supporting substrate in a parallel direc-
tion to the stripes of the anode so that the discontinuous
stripes of the insulative isolation wall are extend between the
stripes of the anode. In this case, the width and the position
of the gaps between the segments should be noted so that a
shape of the cathode is kept to be uniform. The width of the
gaps between the segments should be narrower than a width
of a stripe-shaped shielding portion of the shadow mask so
as to avoid the gaps from extending to stripe slits of the
shadow mask.
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[0042] The height of the separation walls is not limitative
unless the shadow mask having been placed over side walls
is in contact with the organic electroluminescent layer on the
anode.

[0043] The organic electroluminescent layer should cover
at least the anode. It is, however, preferable that the organic
electroluminescent layer covers the separation walls and the
anodes as well as extends over an entire region of the
transparent supporting substrate. It is also possible that the
organic electroluminescent layer covers only the separation
walls and the anode but not covers boundary portions
between the separation walls and the anode.

[0044] The present invention also provides a method of
forming a novel organic electroluminescent display device
which comprises the following steps. A transparent anode of
a plurality of stripes patterned is formed on a transparent
supporting substrate. A plurality of separation walls are
provided between the stripes of the anode and over the
transparent supporting substrate wherein the separation
walls have a height which is higher than a sum of a thickness
of the anode and a predetermined value. An organic elec-
troluminescent layer having a thickness corresponding to the
above predetermined value is formed over the anode and the
separation walls. A shadow mask having a large number of
slits is placed on and in securely contact with top surfaces of
the separation walls so that a metal material is evaporated
through the shadow mask to selectively form a cathode of a
plurality of stripes over the organic electroluminescent layer.

[0045]

[0046] Tt is preferable that the shadow mask has a large
number of stripe-shaped openings, each of which extends
continuously over the substrate.

[0047] Tt is also preferable that that the shadow mask has
a large number of stripe-shaped openings, each of which
comprises a plurality of segments separated by gaps and
aligned over the substrate.

[0048] Tt is also an effective way to use the shadow mask
with a magnetic field generator which generates a magnetic
field for forcing the shadow mask in contact securely with
the tops of the separation walls whereby the degree of fitness
of the shadow mask onto the separation walls. This makes it
easy to form a fine and accurate pattern. The magnetic field
generator may comprise either a permanent magnet or an
electromagnet.

[0049] 1In the Japanese laid-open patent publication No.
8-171989, it is disclosed that separation walls are formed
between stripes of an anode and over a transparent support-
ing substrate and then an organic electroluminescent layer is
laminated thereon. A cathode of stripe type is then laminated
over the organic electroluminescent layer. This conventional
organic electroluminescent display is different from the
novel organic electroluminescent display device in that the
height of the separation walls is almost the same as the
thickness of the anode, for which reason when the cathode
is formed, the shadow mask might be made into contact with
the organic electroluminescent layer whereby the organic
electroluminescent layer might receive a damage or a
scratch.

The shadow mask has a cathode pattern.
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[0050] By contrast to the above conventional organic
electroluminescent display device, the novel organic elec-
troluminescent display device in accordance with the present
invention is free from the above problem because the
separation walls have a height which is higher than the sum
of the anode thickness and the thickness of the organic
electroluminescent layer so that the top of the separation
walls has a higher level than the top of the organic elec-
troluminescent layer over the anode. This means that the
shadow mask is made into securely contact with and is
supported by only the separation walls. This structural
feature keeps the organic electroluminescent layer from
contact with the shadow mask whereby the organic elec-
troluminescent layer receives no damages nor scratches
from the shadow mask.

[0051] Further, the shadow mask is made into securely
contact with the separation walls, for which reason even an
evaporation of a metal for cathode is isotropic for forming
the cathode, an accurately patterned cathode can be
obtained.

[0052] Furthermore, the present invention uses no wet
etching technique with a photo-resist for patterning the
cathode, for which reason the present invention is free from
the above problem with any moisture infiltration onto an
interface between the organic electroluminescent layer and
the cathode, whereby the luminescent property and the life
time of the novel organic electroluminescent display in
accordance with the present invention are free of deteriora-
tion. The present invention allows the novel organic elec-
troluminescent display to be superior in luminescent prop-
erty and life time.

[0053] In accordance with the present invention, the sepa-
ration walls are formed along the stripes of the anode so that
the stripes of the walls extend in a direction perpendicular to
the direction along which the stripes of the cathode extend
whereby the stripes of the walls cross at the right angle to the
stripe slits of the shadow mask. This allows the shadow
mask to easily be placed on the separation walls without any
special alignment technique.

[0054] In contrast to the present invention, in the prior art
as disclosed in Japanese laid-open patent publication No.
5-275172, the separation walls are formed over the anode
but so that the stripes of the separation walls extend in a
direction perpendicular to the direction along which the
stripes of the anode extend. In this case, in order to obtain
an accurate pattern of the cathode, it is required that the
thickness of the separation walls is thinner than a width of
the stripe shielding portions o the shadow mask. Further
accurate adjustments in thickness of the separation walls and
in distance between the adjacent walls are required. Further
more, the stripe shielding portions of the shadow mask is
required to be placed accurately over the separation walls so
that no portions of the separation walls extend to the stripe
slits of the shadow mask. Those mean that it is difficult to
obtain a fine and accurate pattern of the cathode. In the light
of the above descriptions, the conventional organic elec-
troluminescent display is disadvantageous. It is therefore
preferable that the separation walls are so formed that the
stripes of the separation walls extend in a direction perpen-
dicular to the direction along which the stripes of the cathode
extend.
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PREFERRED EMBODIMENTS

First Embodiment

[0055] A first embodiment according to the present inven-
tion will be described in detail with reference to FIG. 2
which is a plane view illustrative of a novel organic elec-
troluminescent display. An indium tin oxide film having a
thickness of 100 nanometers is deposited on a transparent
supporting substrate 1 by a sputtering method. The trans-
parent supporting substrate 1 may comprise a glass sub-
strate. For example, no-alkali glass substrate is preferable
because of poor moisture absorption property. A cheep low
alkali glass substrate or a soda lime glass substrate are also
available by keeping the substrate in dry condition.

[0056] The indium tin oxide film deposited on the glass
substrate is then patterned by photo-lithography technique
for etching process to form stripes of the indium tin oxide
film which serves as anode 2. The stripes of the anode 2
extend in a vertical direction and aligned in a lateral direc-
tion at a constant pitch. The indium tin oxide film not only
serves as the anode 2 but allows transmission of a light
having been emitted from an organic electroluminescent
layer, for which reason a low resistance and a high light
transmittance are preferable. The anode 2 comprises 128
stripe lines having a line pitch of 1.0 millimeter, a line width
of 0.6 millimeters, and a length of 45 millimeters. The stripe
lines of the anode 2 extend in column direction of the display
device.

[0057] Separation walls 3 in the shape of stripe lines are
formed between the stripe lines of the anode 2 and over the
glass substrate 1. The stripe lines of the separation walls 3
extend in the column direction or in parallel to the stripe
lines of the anode 2. The pattern of the stripe lines of the
separation walls 3 has a pitch of 1.0 millimeter and a width
of 0.3 millimeters. The separation walls 3 have a height in
the range of 15-25 micrometers.

[0058] An organic electroluminescent layer 4 is deposited
by a vacuum evaporator over the glass substrate so that the
organic electroluminescent layer 4 is in the shape of rect-
angle or square, whereby the organic electroluminescent
layer 4 cover the anode 2 and the separation walls 3. Then,
A shadow mask is provided which has slender stripe shield-
ing portions extending in a direction perpendicular to the
directions of the stripe lines of the walls extend. By use of
the shadow mask, a metal is vacuum-evaporated to form a
cathode 5 of stripe lines over the organic electroluminescent
layer 4.

[0059] The following description will highlight fabrica-
tion processes for the novel organic electroluminescent
display device in the first embodiment according to the
present invention with reference to FIGS. 3A through 3F
are fragmentary cross sectional elevation views illustrative
of sequential processes involved in a novel method of
forming the novel organic electroluminescent displays.

[0060] With reference to FIG. 3A, an indium tin oxide
film is deposited by a vacuum evaporation on a transparent
glass substrate 1. The indium tin oxide film is then patterned
by a photo-lithography technique to form an anode of a large
number of stripe lines which extend in parallel to each other.
A negative dry film resist 6 is adhered over the glass
substrate 1 and the anode 2 by a laminator. A photo-mask 7
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is used so that a near ultraviolet ray 8 is irradiated from an
exposure system through the photo-mask 7 onto the dry film
resist 6 over the glass substrate 1 so that a stripe pattern is
transferred onto the dry film resist 6. The dry film resist 6 is
commercially available from Tokyo Applied Industry Co.
alpha-450. The lamination of the dry film resist 6 is carried
out at a temperature in the range of 85-115° C. under a
pressure in the range of 2-4 Kg/cm? at a rate of 1-3 mm/min.
The photo-mask 7 has an optical shielding pattern 9 which
comprises 31 stripe lines of 0.3 millimeters in width and
aligned at a pitch of 1.0 millimeter. The photo-mask 7 is so
positioned in a space over the dry film pattern 6 that 31 stripe
lines of the optical shielding pattern 9 extend in parallel to
the stripe lines of the anode 2. Sufficiently wide optical
shielding patterns are placed outside the opposite end two
stripe lines of the optical shielding pattern 9 at a distance of
0.6 millimeters therefrom.

[0061] The above irradiation of the near ultraviolet ray
onto the dry film resist 6 causes the exposed region of the dry
film resist 6 to show cross-linking reaction and becomes
insoluble, whilst unexposed regions of the dry film resist 6
are then developed by use of a solution containing 0.8-1.2%
of Na,Co; and subsequently cleaned for selective releasing
thereof by use of a solution of 2-4% KOH. For the devel-
opment and subsequent cleaning processes, the glass sub-
strate 1 is so placed that the dry film resist 6 faces down-
wardly and the glass substrate 1 is rotated at 4000 rpm
during which the solutions of the developing solution and
releasing solution. Are sprayed onto the dry film 6. After the
selectively release of the unexposed parts of the dry film
resist 6, the glass substrate 1 is dried in a clean oven at a
temperature of 130° C. for 60 minutes during which the
glass substrate 1 is rotated at 3000 rpm for 60 minutes.

[0062] With reference to FIG. 3B, as described above, the
dry film resist 6 remains over the glass substrate 1 and
between the stripe lines of the anode 2. The dry film resist
comprises patterned stripe lines which extend between the
stripe lines of the anode 2 and over the glass substrate 1 in
a direction parallel to the stripe lines of the anode 2. The
stripe lines of the patterned dry film resist 6 serve as
separation walls 3. Namely, the separation walls 3 are
formed comprising the stripe lines which extend between the
stripe lines of the anode 2 and over the glass substrate 1. It
s important that the thickness of the dry film resist 6 or the
height of the separation walls 3 is required to be higher or
larger than a sum of the thickness of the anode and a
predetermined value corresponding to a thickness of the
organic electroluminescent layer which will be formed in a
later process so as to keep the organic electroluminescent
layer to be distanced from a shadow mask placed on the
separation walls wherein the shadow mask cover the organic
electroluminescent layer. In consideration of patterning to
aluminum interconnections for cathode, the thickness of the
dry film resist 6 or the height of the separation walls 3 is
preferably 10-25 micrometers.

[0063] With reference to FIG. 3C, the glass substrate 1 is
held by a substrate holder in a vacuum evaporator so that the
separation walls face downwardly. N,N'-diphenyl-N,
N'bis(a-naphthyl)-1,1"-biphenyl-4,4'-diamin  (hereinafter
referred to as into a-NPD is supplied into a resistance-
heating board of the vacuum evaporator. Into the other
resistance-heat board, supplied is a tris(8-quinolight)alumi-
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num complex (hereinafter referred to as Alg,). The vacuum
evaporator is vacuumed to 1x10~° Torr or less by a vacuum
pump.

[0064] A metal mask is prepared which has a rectangular
or square shaped opening. The metal mask is placed over the
glass substrate 1 having the separation walls 3 so that a
current is applied between the glass substrate 1 and the
resistance-heating board placed under the metal mask to heat
the substrate 1 with the o-NPD resistance-heating board so
as to evaporate an a-NPD layer 4a of about 50 nanometers
in thickness entirely over the glass substrate 1, the anode 2
and the separation walls 3. Thereafter, a current is applied to
the resistance-heating board containing Alg, so that an Alq,
layer 4b of 50 nanometers in thickness is formed on the
o-NPD layer 4a. As a result, an organic electroluminescent
layer 4 is formed which comprises laminations of the
o-NPD layer 44 and the Alq, layer 4b. The o-NPD layer 4a
serves as a hole transport layer whilst the Alq; layer 4b
serves as an electron transport layer and a light-emitting
layer.

[0065] The above vacuum evaporation is preferably car-
ried out in a direction vertical to a surface of the substrate so
as to form no shadow portion by shielding the separation
walls and also the substrate 1 is rotated in a plane parallel to
the surface of the substrate 1 so that the deposition of the
organic molecules can be uniformed.

[0066] A shadow mask 11 of SUS430 shown in FIG. 4 has
previously be placed in the vacuum evaporator before the
glass substrate 1 formed with the organic electroluminescent
layer 4 is placed on the shadow mask 11.

[0067] The shadow mask 11 has 32 stripe shielding por-
tions 12 and stripe slits 13 defined by the stripe shielding
portions 12. The substrate 1 is so placed that the direction
along which the stripe shiclding portions 12 extend is
perpendicular to the direction along which the stripe lines of
the separation walls 3 over the substrate 1. The stripe
shielding portions 12 of the shadow mask 11 has a thickness
of 0.4 millimeters, a width of 0.4 millimeters and a length of
130 millimeters. The stripe shielding portions 12 are aligned
at a center pitch of 1.0 millimeter.

[0068] With reference to FIG. 3D, a magnet 14 is pro-
vided on an opposite surface o the substrate 1 to the surface
on which the anode 2, the separation walls 3 and the organic
electroluminescent layer 4 are provided, so that the magnet
14 faces the metal shadow mask 11 to be attracted to the
separation walls 3. As a result, the stripe shielding portions
12 of the shadow mask 11 are made into securely contact
with the tops of the separation walls 3. The shadow mask 11
is made of a magnetic material.

[0069] Magnesium is supplied into the resistance-heating
board in the vacuum evaporator whilst silver is supplied into
the other resistance-heating board. Magnesium and silver
are concurrently evaporated at evaporations rates such that
a ratio of magnesium to silver is 10:1. Evaporation direction
of metals through the shadow mask onto the organic elec-
troluminescent layer 4 is almost vertical to the surface of the
substrate 1 and also almost isotropic. It is preferable that the
substrate 1 is kept to rotate during the evaporation processes.
Magnesium and silver are deposited through the stripe slits
of the shadow mask 11 onto the selected regions under the
stripe slits whilst no magnesium and no silver are deposited
under the stripe shielding portions 12 of the shadow
mask 11.
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[0070] With reference to FIG. 3E, a magnesium-silver
alloy metal layer is formed which extends over the separa-
tion walls 3, the organic electroluminescent layer 4 and the
stripe shielding portions 12 of the shadow mask 11 but only
regions under the stripe slits of the shadow mask 11 whilst
no magnesium-silver alloy metal layer is formed under the
stripe shielding portions 12 of the shadow mask 11. A
magnesium-silver alloy metal layer has a thickness of about
200 nanometers. The substrate 1 is removed from the
shadow mask 11.

[0071] With reference to FIG. 3F. the magnesium-silver
alloy metal layer serves as a cathode 5. The cathode 5
comprises 32 row stripe lines which extend in a direction
perpendicular to the direction along which the stripe lines of
the anode 2 extend. As a result, the organic electrolumines-
cent display is formed which has the anode 2 of column
stripe lines and separation walls 3 of column stripe lines as
well as the cathode 5 of row stripe lines.

[0072] As described above, the shadow mask is placed on
the separation walls 3 so that the organic electroluminescent
layer 4 is kept distanced from the shadow mask, for which
reason the organic electroluminescent layer 4 is free from
any damage or scratch by contacting with the shadow mask.

[0073] The organic electroluminescent display is driven
by applying a pulse voltage signal of 8V to the cathode so
that a time-division canning to the cathode is carried out at
a duty factor of ¥4 and a frame frequency of 150 Hz,
wherein non-selected cathodes are applied with +8V whilst
the selected cathode is applied with OV.

[0074] On the other hand, a pulse current of 300 mA/cm?2
with a maximum voltage of 8V is applied from a constant
current generator to a selected one or more stripe lines of the
anode 2 connected to pixels which are intended to be light
ON, whilst zero voltage is applied to the non-selected stripe
lines of the anode 2 connected to the remaining pixels which
are intended to be light OFF. As a result, the display shows
a desired display pattern of a pixel brightness of 600 cd/cm®.

[0075] Various shadow masks are available other than one
shown in FIG. 4. For example, the shadow mask of FIG. §
is available. The shadow mask 11a of FIG. 5 has stripe lines
extending in parallel to each other wherein each the stripe
line comprises segments 13a aligned and separated by
bridge portions 17 so that the segments 134 are aligned in
matrix over the substrate 1, In place of the above shadow
mask 11, this shadow mask 1la can be used. Since the
separation walls 3 have a height of 10-25 micrometers, the
bridge portions 17 of the shadow mask 11a do not prevent
the necessary evaporations of metal because the evaporation
direction is ranged in an angle so that metals are deposited
at a small oblique angle. Since the thickness of the organic
electroluminescent layer 4 is less than 1 micrometer, the a
distance from the surface of the organic electroluminescent
layer 4 to the surface of the shadow mask 114 is about 10-25
micrometers. For causing the rotation of the substrate 1 in a
plane parallel o the surface of the substrate 1 in the vacuum
evaporator, the evaporator is so designed that the metals are
evaporated in such a direction as to ensure an injection angle
of not less than 15 degrees, for which reason the metals can
be deposited under the bridge portions 17 of the shadow
mask 11a even each the bridge portions 17 has a width of 20
micrometers.
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[0076] As illustrated in FIG. 5, the shadow mask 11a has
a mesh structure of the bridge portions 17 which support the
stripe slits. This structure provides such a mechanical
strength as to reduce a thickness of the shadow mask to 50
micrometers. The width of the bridge portions 17 of the
shadow mask 114, the height of the separation walls and the
thickness of the shadow mask 11a are determined in con-
sideration of the injection angle and the mechanical strength
of the shadow mask. In the light of the mechanical strength
of the shadow mask, the thickness of the shadow mask 11a
is preferable not less than 50 micrometers. In this case, the
width of the bridge portions 17 of the shadow mask 11a is
preferably about 20 micrometers. The height of the separa-
tion walls 3 is preferably in the range of 10-25 micrometers.

[0077] As described above, in accordance with the present
invention, separation walls 3 of stripe lines are provided
between the stripe lines of the anode 2 and over the substrate
1 before the organic electroluminescent layer 4 is formed
and subsequently the shadow mask is placed on the sepa-
ration walls wherein the shadow mask 11 is kept distanced
from the organic electroluminescent layer 4. By use of the
shadow mask 11, metals are evaporated to form the cathode
5. Since the organic electroluminescent layer 4 is free from
any damage or scratch by contacting with the shadow mask
11, there is no possibility of formation of short circuit
between the anode and cathode whereby the yield of the
organic electroluminescent display can remarkable be
increased.

[0078] Tt is also possible to form any desirable cathode
patterns by selecting the height of the separation walls.

[0079] The rotation of the substrate 1 allows an effective
use of the evaporation source and allows a uniform evapo-
ration entirely over the substrate 1. This may reduce the size
of the vacuum evaporator.

Second Embodiment

[0080] A second embodiment according to the present
invention will be described in detail. An indium tin oxide
film having a thickness of 100 nanometers is deposited on a
transparent supporting substrate 1 by a sputtering method.
The transparent supporting substrate 1 may comprise a glass
substrate. For example, no-alkali glass substrate is prefer-
able because of poor moisture absorption property. A cheep
low alkali glass substrate or a soda lime glass substrate are
also available by keeping the substrate in dry condition.

[0081] The indium tin oxide film deposited on the glass
substrate is then patterned by photo-lithography technique
for etching process to form stripes of the indium tin oxide
film which serves as anode 18. The stripes of the anode 18
extend in a vertical direction and aligned in a lateral direc-
tion at a constant pitch. The indium tin oxide film not only
serves as the anode 18 but allows transmission of a light
having been emitted from an organic electroluminescent
layer, for which reason a low resistance and a high light
transmittance are preferable. The anode 18 comprises 256
stripe lines having a line pitch of 0.35 millimeters, a line
width of 0.25 millimeters, and a length of 29 millimeters.
The stripe lines of the anode 18 extend in column direction
of the display device.
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[0082] Separation walls 3 in the shape of stripe lines are
formed between the stripe lines of the anode 18 and over the
glass substrate 1. The stripe lines of the separation walls 3
extend in the column direction or in parallel to the stripe
lines of the anode 18. The pattern of the stripe lines of the
separation walls 3 has a pitch of 0.35 millimeters and a width
of 0.1 millimeters. The separation walls 3 have a height in
the range of 10-25 micrometers.

[0083] An organic electroluminescent layer 4 is deposited
by a vacuum evaporator over the glass substrate so that the
organic electroluminescent layer 4 is in the shape of rect-
angle or square, whereby the organic electroluminescent
layer 4 covers the anode 18 and the separation walls 3. Then,
a shadow mask is provided which has slender stripe shield-
ing portions extending in a direction perpendicular to the
directions of the stripe lines of the walls extend. By use of
the shadow mask, a metal is vacuum-evaporated to form a
cathode 5 of stripe lines over the organic electroluminescent
layer 4.

[0084] The following description will highlight fabrica-
tion processes for the novel organic electroluminescent
display device in the second embodiment according to the
present invention with reference to FIGS. 6A through 6B
are fragmentary cross sectional elevation views illustrative
of sequential processes involved in a novel method of
forming a novel organic electroluminescent displays.

[0085] With reference to FIG. 6A, an indium tin oxide
film is deposited by a vacuum evaporation on a transparent
glass substrate 1. The indium tin oxide film is then patterned
by a photo-lithography technique to form an anode of a large
number of stripe lines which extend in parallel to each other.
A negative dry film resist 6 is adhered over the glass
substrate 1 and the anode 18 by a laminator. A photo-mask
7 is used so that a near ultraviolet ray 8 is irradiated from an
exposure system through the photo-mask 7 onto the dry film
resist 6 over the glass substrate 1 so that a stripe pattern is
transferred onto the dry film resist 6. The dry film resist 6 is
commercially available from Tokyo Applied Industry Co.
alpha-450. The lamination of the dry film resist 6 is carried
out at a temperature in the range of 85-115° C. under a
pressure in the range of 2-4 Kg/em® at a rate of 1-3 mm/min.
The photo-mask 7 has an optical shielding pattern 9 which
comprises 31 stripe lines of 0.3 millimeters in width and
aligned at a pitch of 1.0 millimeter. The photo-mask 7 is so
positioned in a space over the dry film pattern 6 that 31 stripe
lines of the optical shielding pattern 9 extend in parallel to
the stripe lines of the anode 18. Sufficiently wide optical
shielding patterns are placed outside the opposite end two
stripe lines of the optical shielding pattern 9 at a distance of
0.6 millimeters therefrom.

[0086] The above irradiation of the near ultraviolet ray
onto the dry film resist 6 causes the exposed region of the dry
film resist 6 to show cross-linking reaction and becomes
insoluble, whilst unexposed regions of the dry film resist 6
are then developed by use of a solution containing 0.8-1.2%
of Na,Co, and subsequently cleaned for selective releasing
thereof by use of a solution of 2-4% KOH. For the devel-
opment and subsequent cleaning processes, the glass sub-
strate 1 is so placed that the dry film resist 6 faces down-
wardly and the glass substrate 1 is rotated at 4000 rpm
during which the solutions of the developing solution and
releasing solution. Are sprayed onto the dry film 6. After the
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selectively release of the unexposed parts of the dry film
resist 6, the glass substrate 1 is dried in a clean oven at a
temperature of 130° C. for 60 minutes during which the
glass substrate 1 is rotated at 3000 rpm for 60 minutes.

[0087] The dry film resist 6 remains over the glass sub-
strate 1 and between the stripe lines of the anode 18. The dry
film resist comprises 63 stripe lines which extend between
the stripe lines of the anode 18 and over the glass substrate
1 in a direction parallel to the stripe lines of the anode 18.
The stripe lines of the patterned dry film resist 6 serve as
separation walls 3. Namely, the separation walls 3 are
formed comprising the stripe lines which extend between the
stripe lines of the anode 18 and over the glass substrate 1. It
s important that the thickness of the dry film resist 6 or the
height of the separation walls 3 is required to be higher or
larger than a sum of the thickness of the anode and a
predetermined value corresponding to a thickness of the
organic electroluminescent layer which will be formed in a
later process so as to keep the organic electroluminescent
layer to be distanced from a shadow mask placed on the
separation walls wherein the shadow mask cover the organic
electroluminescent layer. In consideration of patterning to
aluminum interconnections for cathode, the thickness of the
dry film resist 6 or the height of the separation walls 3 is
preferably 10-25 micrometers. A width of the stripe lines of
the separation walls 3 is 0.1 millimeter and the stripe lines
of the separation walls 3 are aligned at a pitch of 0.35
millimeters.

[0088] The glass substrate 1 is held by a substrate holder
in a vacuum evaporator so that the separation walls face
downwardly.  N,N'-diphenyl-N,N'bis(a-naphthyl)-1,1"-bi-
phenyl-4,4'-diamin (hereinafter referred to as into a-NPD is
supplied into a resistance-heating board of the vacuum
evaporator. Into the other resistance-heat board, supplied is
a tris(8-quinolight)aluminum complex (hereinafter referred
to as Alg,). The vacuum evaporator is vacuumed to 1x107>
Torr or less by a vacuum pump.

[0089] A metal mask is prepared which has a rectangular
or square shaped opening. The metal mask is placed over the
glass substrate 1 having the separation walls 3 so that a
current is applied between the glass substrate 1 and the
resistance-heating board placed under the metal mask to heat
the substrate 1 with the a-NPD resistance-heating board so
as to evaporate an a-NPD layer 4a of about 50 nanometers
in thickness entirely over the glass substrate 1, the anode 18
and the separation walls 3. Thereafter, a current is applied to
the resistance-heating board containing Alg, so that an Alq,
layer 4b of 50 nanometers in thickness is formed on the
o-NPD layer 4a. As a result, an organic electroluminescent
layer 4 is formed which comprises laminations of the
o-NPD layer 4a and the Alg, layer 4b. The a-NPD layer 4a
serves as a hole transport layer whilst the Alg, layer 4b
serves as an electron transport layer and a light-emitting
layer.

[0090] The above vacuum evaporation is preferably car-
ried out in a direction vertical to a surface of the substrate so
as to form no shadow portion by shielding the separation
walls and also the substrate 1 is rotated in a plane parallel to
the surface of the substrate 1 so that the deposition of the
organic molecules can be uniformed.
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[0091] A shadow mask 11 of SUS430 shown in FIG. 4 has
previously be placed in the vacuum evaporator before the
glass substrate 1 formed with the organic electroluminescent
layer 4 is placed on the shadow mask 11.

[0092] The shadow mask 11 has 32 stripe shielding por-
tions 19 and stripe slits 13 defined by the stripe shielding
portions 19. The substrate 1 is so placed that the direction
along which the stripe shielding portions 19 extend is
perpendicular to the direction along which the stripe lines of
the separation walls 3 over the substrate 1. The stripe
shielding portions 19 of the shadow mask 11 has a thickness
of 0.4 millimeters, a width of 0.4 millimeters and a length of
130 millimeters. The stripe shielding portions 19 are aligned
at a center pitch of 1.0 millimeter.

[0093] A magnet 14 is provided on an opposite surface o
the substrate 1 to the surface on which the anode 18, the
separation walls 3 and the organic electroluminescent layer
4 are provided, so that the magnet 14 faces the metal shadow
mask 11 to be attracted to the separation walls 3. As a result,
the stripe shielding portions 19 of the shadow mask 11 are
made into securely contact with the tops of the separation
walls 3. The shadow mask 11 is made of a magnetic material.

[0094] Magnesium is supplied into the resistance-heating
board in the vacuum evaporator whilst silver is supplied into
the other resistance-heating board. Magnesium and silver
are concurrently evaporated at evaporations rates such that
a ratio of magnesium to silver is 10:1. Evaporation direction
of metals through the shadow mask onto the organic elec-
troluminescent layer 4 is almost vertical to the surface of the
substrate 1 and also almost isotropic. It is preferable that the
substrate 1 is kept to rotate during the evaporation processes.
Magnesium and silver are deposited through the stripe slits
of the shadow mask 11 onto the selected regions under the
stripe slits whilst no magnesium and no silver are deposited
under the stripe shielding portions 19 of the shadow mask
11.

[0095] A magnesium-silver alloy metal layer is formed
which extends over the separation walls 3, the organic
electroluminescent layer 4 and the stripe shielding portions
19 of the shadow mask 11 but only regions under the stripe
slits of the shadow mask 11 whilst no magnesium-silver
alloy metal layer is formed under the stripe shielding por-
tions 19 of the shadow mask 11. A magnesium-silver alloy
metal layer has a thickness of about 200 nanometers. The
substrate 1 is removed from the shadow mask 11.

[0096] With reference to FIG. 6B, the magnesium-silver
alloy metal layer serves as a cathode 5. The cathode 5
comprises row stripe lines which extend in a direction
perpendicular to the direction along which the stripe lines of
the anode 18 extend. As a result, the organic electrolumi-
nescent display is formed which has the anode 18 of column
stripe lines and separation walls 3 of column stripe lines as
well as the cathode 5 of row stripe lines.

[0097] As described above, in accordance with the present
invention, separation walls 3 of stripe lines are provided
between the stripe lines of the anode 2 and over the substrate
1 before the organic electroluminescent layer 4 is formed
and subsequently the shadow mask is placed on the sepa-
ration walls wherein the shadow mask 11 is kept distanced
from the organic electroluminescent layer 4. By use of the
shadow mask 11, metals are evaporated to form the cathode

Aug. 30, 2001

5. Since the organic electroluminescent layer 4 is free from
any damage or scratch by contacting with the shadow mask
11, there is no possibility of formation of short circuit
between the anode and cathode whereby the yield of the
organic electroluminescent display can remarkable be
increased.

[0098] Tt is also possible to form any desirable cathode
patterns by selecting the height of the separation walls.

[0099] The rotation of the substrate 1 allows an effective
use of the evaporation source and allows a uniform evapo-
ration entirely over the substrate 1. This may reduce the size
of the vacuum evaporator.

Third Embodiment

[0100] A third embodiment according to the present inven-
tion will be described in detail with reference to FIG. 7
which is a fragmentary cross sectional elevation view illus-
trative of a sequential process involved in a novel method of
forming a novel organic electroluminescent displays in a
third embodiment in accordance with the present invention.
An indium tin oxide film having a thickness of 100 nanom-
eters is deposited on a transparent supporting substrate 1 by
a sputtering method. The transparent supporting substrate 1
may comprise a glass substrate. For example, no-alkali glass
substrate is preferable because of poor moisture absorption
property. A cheep low alkali glass substrate or a soda lime
glass substrate are also available by keeping the substrate in
dry condition.

[0101] The indium tin oxide film deposited on the glass
substrate is then patterned by photo-lithography technique
for etching process to form stripes of the indium tin oxide
film which serves as anode 18. The stripes of the anode 18
extend in a vertical direction and aligned in a lateral direc-
tion at a constant pitch. The indium tin oxide film not only
serves as the anode 18 but allows transmission of a light
having been emitted from an organic electroluminescent
layer, for which reason a low resistance and a high lLight
transmittance are preferable. The anode 18 comprises 256
stripe lines having a line pitch of 0.35 millimeters, a line
width of 0.25 millimeters, and a length of 29 millimeters.
The stripe lines of the anode 18 extend in column direction
of the display device.

[0102] Separation walls 3 in the shape of stripe lines are
formed between the stripe lines of the anode 18 and over the
glass substrate 1. The stripe lines of the separation walls 3
extend in the column direction or in parallel to the stripe
lines of the anode 18. The pattern of the stripe lines of the
separation walls 3 has a pitch of 0.35 millimeters and a width
of 0.1 millimeters. The separation walls 3 have a height in
the range of 10-25 micrometers.

[0103] An organic electroluminescent layer 4 is deposited
by a vacuum evaporator over the glass substrate so that the
organic electroluminescent layer 4 is in the shape of rect-
angle or square, whereby the organic electroluminescent
layer 4 covers the anode 18 and the separation walls 3. Then,
a shadow mask is provided which has slender stripe shield-
ing portions extending in a direction perpendicular to the
directions of the stripe lines of the walls extend. By use of
the shadow mask, a metal is vacuum-evaporated to form a
cathode 5 of stripe lines over the organic electroluminescent
layer 4.
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[0104] A structural difference of the organic electrolumi-
nescent display of this third embodiment from the foregoing
first and second embodiments is in that no organic electrolu-
minescent layer is formed on vertical side walls of the
separation walls 3 and namely the organic electrolumines-
cent layer is discontinuously formed.

[0105] The following description will highlight fabrica-
tion processes for the novel organic electroluminescent
display device in the second embodiment according to the
present invention.

[0106] An indium tin oxide film is deposited by a vacuum
evaporation on a transparent glass substrate 1. The indium
tin oxide film is then patterned by a photo-lithography
technique to form an anode of a large number of stripe lines
which extend in parallel to each other. A negative dry film
resist 6 is adhered over the glass substrate 1 and the anode
18 by a laminator. A photo-mask 7 is used so that a near
ultraviolet ray 8 is irradiated from an exposure system
through the photo-mask 7 onto the dry film resist 6 over the
glass substrate 1 so that a stripe pattern is transferred onto
the dry film resist 6. The dry film resist 6 is commercially
available from Tokyo Applied Industry Co. alpha-450. The
lamination of the dry film resist 6 is carried out at a
temperature in the range of 85-115° C. under a pressure in
the range of 2-4 Kgjem” at a rate of 1-3 mm/min. The
photo-mask 7 has an optical shielding pattern 9 which
comprises 31 stripe lines of 0.3 millimeters in width and
aligned at a pitch of 1.0 millimeter. The photo-mask 7 is so
positioned in a space over the dry film pattern 6 that 31 stripe
lines of the optical shielding pattern 9 extend in parallel to
the stripe lines of the anode 18. Sufficiently wide optical
shielding patterns are placed outside the opposite end two
stripe lines of the optical shielding pattern 9 at a distance of
0.6 millimeters therefrom.

[0107] The above irradiation of the near ultraviolet ray
onto the dry film resist 6 causes the exposed region of the dry
film resist 6 to show cross-linking reaction and becomes
insoluble, whilst unexposed regions of the dry film resist 6
are then developed by use of a solution containing 0.8-1.2%
of Na,Co, and subsequently cleaned for selective releasing
thereof by use of a solution of 2-4% KOH. For the devel-
opment and subsequent cleaning processes, the glass sub-
strate 1 is so placed that the dry film resist 6 faces down-
wardly and the glass substrate 1 is rotated at 4000 rpm
during which the solutions of the developing solution and
releasing solution. Are sprayed onto the dry film 6. After the
selectively release of the unexposed parts of the dry film
resist 6, the glass substrate 1 is dried in a clean oven at a
temperature of 130° C. for 60 minutes during which the
glass substrate 1 is rotated at 3000 rpm for 60 minutes.

[0108] The dry film resist 6 remains over the glass sub-
strate 1 and between the stripe lines of the anode 18. The dry
film resist comprises 63 stripe lines which extend between
the stripe lines of the anode 18 and over the glass substrate
1 in a direction parallel to the stripe lines of the anode 18.
The stripe lines of the patterned dry film resist 6 serve as
separation walls 3. Namely, the separation walls 3 are
formed comprising the stripe lines which extend between the
stripe lines of the anode 18 and over the glass substrate 1. It
s important that the thickness of the dry film resist 6 or the
height of the separation walls 3 is required to be higher or
larger than a sum of the thickness of the anode and a
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predetermined value corresponding to a thickness of the
organic electroluminescent layer which will be formed in a
later process so as to keep the organic electroluminescent
layer to be distanced from a shadow mask placed on the
separation walls wherein the shadow mask cover the organic
electroluminescent layer. In consideration of patterning to
aluminum interconnections for cathode, the thickness of the
dry film resist 6 or the height of the separation walls 3 is
preferably 10-25 micrometers. A width of the stripe lines of
the separation walls 3 is 0.1 millimeter and the stripe lines
of the separation walls 3 are aligned at a pitch of 0.35
millimeters.

[0109] The glass substrate 1 is held by a substrate holder
in a vacuum evaporator so that the separation walls face
downwardly. N,N'-diphenyl-N,N' bis(a-naphthyl)-1,1'-bi-
phenyl-4,4'-diamin (hereinafter referred to as into a-NPD is
supplied into a resistance-heating board of the vacuum
evaporator. Into the other resistance-heat board, supplied is
a tris(8-quinolight)aluminum complex (hereinafter referred
to as Alg,). The vacuum evaporator is vacuumed to 1x107>
Torr or less by a vacuum pump.

[0110] A metal mask is prepared which has a rectangular
or square shaped opening. The metal mask is placed over the
glass substrate 1 having the separation walls 3 so that a
current is applied between the glass substrate 1 and the
resistance-heating board placed under the metal mask to heat
the substrate 1 with the a-NPD resistance-heating board so
as to evaporate an a-NPD layer 4a of about 50 nanometers
in thickness entirely over the glass substrate 1, the anode 18
and the separation walls 3. Thereafter, a current is applied to
the resistance-heating board containing Alg, so that an Alg,
layer 4b of 50 nanometers in thickness is formed on the
o-NPD layer 4a. As a result, an organic electroluminescent
layer 4 is formed which comprises laminations of the
a-NPD layer 4a and the Alq, layer 4b. The o-NPD layer 4a
serves as a hole transport layer whilst the Alg; layer 4b
serves as an electron transport layer and a light-emitting
layer.

[0111] The above vacuum evaporation is preferably car-
ried out in a direction vertical to a surface of the substrate so
as to form no shadow portion by shielding the separation
walls and also the substrate 1 is rotated in a plane parallel to
the surface of the substrate 1 so that the deposition of the
organic molecules can be uniformed.

[0112] Ashadow mask 11 of SUS430 shown in FIG. 4 has
previously be placed in the vacuum evaporator before the
glass substrate 1 formed with the organic electroluminescent
layer 4 is placed on the shadow mask 11.

[0113] The shadow mask 11 has 32 stripe shielding por-
tions 19 and stripe slits 13 defined by the stripe shielding
portions 19. The substrate 1 is so placed that the direction
along which the stripe shiclding portions 19 extend is
perpendicular to the direction along which the stripe lines of
the separation walls 3 over the substrate 1. The stripe
shielding portions 19 of the shadow mask 11 has a thickness
of 0.4 millimeters, a width of 0.4 millimeters and a length of
130 millimeters. The stripe shielding portions 19 are aligned
at a center pitch of 1.0 millimeter.

[0114] A magnet 14 is provided on an opposite surface o
the substrate 1 to the surface on which the anode 18, the
separation walls 3 and the organic electroluminescent layer



US 2001/0017518 Al

4 are provided, so that the magnet 14 faces the metal shadow
mask 11 to be attracted to the separation walls 3. As a result,
the stripe shielding portions 19 of the shadow mask 11 are
made into securely contact with the tops of the separation
walls 3. The shadow mask 11 is made of a magnetic material.

[0115] Magnesium is supplied into the resistance-heating
board in the vacuum evaporator whilst silver is supplied into
the other resistance-heating board. Magnesium and silver
are concurrently evaporated at evaporations rates such that
a ratio of magnesium to silver is 10:1. Evaporation direction
of metals through the shadow mask onto the organic elec-
troluminescent layer 4 is almost vertical to the surface of the
substrate 1 and also almost isotropic. It is preferable that the
substrate 1iskept to rotate during the evaporation processes.
Magnesium and silver are deposited through the stripe slits
of the shadow mask 11 onto the selected regions under the
stripe slits whilst no magnesium and no silver are deposited
under the stripe shielding portions 19 of the shadow mask
11.

[0116] A magnesium-silver alloy metal layer is formed
which extends over the separation walls 3, the organic
electroluminescent layer 4 and the stripe shielding portions
19 of the shadow mask 11 but only regions under the stripe
slits of the shadow mask 11 whilst no magnesium-silver
alloy metal layer is formed under the stripe shielding por-
tions 19 of the shadow mask 11. A magnesium-silver alloy
metal layer has a thickness of about 200 nanometers. The
substrate 1 is removed from the shadow mask 11.

[0117] The magnesium-silver alloy metal layer serves as a
cathode 5. The cathode 5 comprises row stripe lines which
extend in a direction perpendicular to the direction along
which the stripe lines of the anode 18 extend. As a result, the
organic electroluminescent display is formed which has the
anode 18 of column stripe lines and separation walls 3 of
column stripe lines as well as the cathode 5 of row stripe
lines.

[0118] As described above, in accordance with the present
invention, separation walls 3 of stripe lines are provided
between the stripe lines of the anode 2 and over the substrate
1 before the organic electroluminescent layer 4 is formed
and subsequently the shadow mask is placed on the sepa-
ration walls wherein the shadow mask 11 is kept distanced
from the organic electroluminescent layer 4. By use of the
shadow mask 11, metals are evaporated to form the cathode
5. Since the organic electroluminescent layer 4 is free from
any damage or scratch by contacting with the shadow mask
11, there is no possibility of formation of short circuit
between the anode and cathode whereby the yield of the
organic electroluminescent display can remarkable be
increased.

[0119] It is also possible to form any desirable cathode
patterns by selecting the height of the separation walls.
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[0120] The rotation of the substrate 1 allows an effective
use of the evaporation source and allows a uniform evapo-
ration entirely over the substrate 1. This may reduce the size
of the vacuum evaporator.

[0121] Whereas modifications of the present invention
will be apparent to a person having ordinary skill in the art,
to which the invention pertains, it is to be understood that
embodiments as shown and described by way of illustrations
are by no means intended to be considered in a limiting
sense. Accordingly, it is to be intended to cover by claims all
modifications which fall within the spirit and scope of the
present invention.

What is claimed is:
1. A method of forming a novel organic electrolumines-
cent display device which comprises the steps of:

forming a transparent anode of a plurality of stripes on a
transparent supporting substrate;

providing a plurality of separation walls between the
stripes of the anode and over the transparent supporting
substrate, wherein the separation walls have a height
which is higher than a sum of a thickness of the anode
and a predetermined value;

forming an organic electroluminescent layer having a
thickness corresponding to the above predetermined
value over the anode and the separation walls; and

placing a shadow mask having a plurality of slits on and
in securely contact with top surfaces of the separation
walls so that a metal material is evaporated through the
shadow mask to selectively form a cathode of a plu-
rality of stripes over the organic electroluminescent
layer.

2. The method as claimed in claim 1, wherein the shadow
mask has a large number of stripe-shaped openings, each of
which extends continuously over the substrate.

3. The method as claimed in claim 1, wherein that the
shadow mask has a large number of stripe-shaped openings,
each of which comprises a plurality of segments separated
by gaps and aligned over the substrate.

4. The method as claimed in claim 1, wherein the shadow
mask with a magnetic field generator which generates a
magnetic field is used for forcing the shadow mask in
contact sccurely with the tops of the separation walls
whereby the degree of fitness of the shadow mask onto the
separation walls.

5. The method as claimed in claim 1, wherein the sepa-
ration walls are made by a photo-resist technique using a
photo-resist film.
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