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ORGANIC EL PANEL MANUFACTURING
METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to the manufacture of
a full-color organic EL panel in which pixels emitting light
of different colors are formed by selectively depositing
organic materials on a pixel-by-pixel basis.

BACKGROUND OF THE INVENTION

[0002] Tt is widely expected that organic EL panels, dis-
play panels using organic EL elements, will come into wide
use in the next generation of flat panel displays. The many
superior features of organic EL elements, such as self-
emission, high contrast, wide viewing angle, and high-speed
responsiveness, would make a display device employing an
EL element an attractive, valuable, high-quality display
device.

[0003] Such an organic EL element is generally manufac-
tured by depositing an organic material on a first electrode
formed on a glass substrate, and further forming a second
electrode over the organic material. When such an organic
EL element is used in a full-color display, display operation
in full color is realized by a method such as selective color
application, in which different organic materials are depos-
ited for R, G, and B colors, or white light mode, in which
white-light-emitting material is deposited and the display
operation in full color is achieved using RGB color filters.

[0004] In the white light mode method, the same material
can be deposited for all pixels irrespective of color, while in
the selective color application method, different materials
are sequentially deposited for R, G, and B pixels using
masks for R, G, and B colors, respectively. To form a
high-definition panel, deposition must be performed with a
high degree of precision, such that a high precision (highly
accurate) mask is necessary.

[0005] In a typical manufacturing process, when an
organic material is deposited, a substrate subjected to depo-
sition (a glass substrate on which a first electrode is formed)
is typically placed on an upper position, and a mask is
provided directly below the substrate in a closely contacting
manner. Then, the organic material is vaporized from below
so that the organic material will adhere to the first electrode
exposed through the openings of the mask to thereby form
an organic EL element.

[0006] 1Insuch a process, because a typical high-definition
mask is very thin, with a thickness on the order of several
tens of micrometers, the mask will deform under its own
weight. Such deformation of the mask will weaken adher-
ence of the mask to the substrate subjected to deposition,
hampering the uniformity of deposition of the organic mate-
rial over the surface of the substrate. As a general solution,
a method is usually employed in which deposition is pet-
formed while exerting a tension on the mask along a given
direction. Deposition of an organic EL element is described
in, for example, Japanese Patent Laid-Open Publication No.
2002-231449.

[0007] The manufacturing of higher definition displays in
which the pitch of pixels of a same color are reduced to
approximately 100-150 pm, as have now become common,
has created a need for masks 5 on which rectangular
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openings each having a width w and a height h of several
tens of micrometers are arranged with a pitch px along x
direction and a pitch py along y direction, as shown in FIG.
1.

[0008] In the mask 5, unopened regions of the mask, the
material other than mask openings 3, become smaller as
definition of the mask 5 becomes finer.

[0009] The relationship between the minimal distance
between the mask openings 3 along the x direction, dx, and
the minimal distance between the mask openings 3 along the
y direction, dy, can be expressed as dx=px-w and dy=py-h,
respectively. As is evident from the equations, the minimal
distances dx and dy become smaller as the pitches px and py
of openings are reduced, such that w and h dimensions of the
openings increase.

[0010] Because an unopened region defined by a width of
the minimal distance dx along the y direction sustains a
tension in the y direction, and an unopened region defined by
a width of the minimal distance dy along the x direction
sustains a tension in the X direction, smaller minimal dis-
tances dx and dy lead to larger deformation of the openings
when tension is exerted on the mask, which in turn hampers
efforts to ensure the uniformity of deposition.

[0011] On the other hand, to secure minimal distances dx
and dy of sufficient length, the dimensions w and h of the
openings may be reduced with reference to the pitches px
and py of the openings. This, however, leads to decrease in
the area of light emission with the result that it becomes
necessary to increase a density of current provided to the
organic EL element in order to obtain a desired amount of
light emission. The increased density of current brings about
an increase in a current load of the organic EL element,
which presents a problem that the service life of the element
is shortened.

SUMMARY OF THE INVENTION

[0012] The present invention provides a method of manu-
facturing a full-color organic EL panel in which pixels
emitting light of different colors are formed by selectively
depositing an organic materials on a pixel-by-pixel basis,
wherein a deposition process of depositing the organic
material for emitting light of at least one color includes a
first step of depositing an organic material for emitting light
of at least one color, using a first mask, on a first group of
pixels corresponding to openings of the first mask, and a
second step of depositing an organic material for emitting
light of the same color as the one color, using a second mask,
on a second group of pixels corresponding to openings of the
second mask.

[0013] According to one aspect of this invention, a same
organic material may preferably be deposited in both the first
and the second steps.

[0014] According to another aspect of this invention,
different organic materials both emitting light of a same
color may preferably be deposited in the first and the second
steps.

[0015] According to still another aspect of this invention,
one of the different organic materials to be deposited in the
first step and the second step is a material having properties
of high color purity and low luminous efficiency, and the
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other one of the different organic materials is a material
having properties of low color purity and high luminous
efficiency.

[0016] Further, the present invention relates to an organic
EL panel manufactured by any of the above-described
methods.

[0017] The present invention also provides a full-color
organic EL panel in which pixels emitting light of different
colors are formed by selectively depositing an organic
material on a pixel-by-pixel basis, the organic EL panel
wherein a plurality of pixels emitting light of at least one
color consist of a pixel composed of a material having
properties of high color purity and low luminous efliciency
and a pixel composed of a material having properties of low
color purity and high luminous efliciency.

[0018] The present invention further provides a mask used
for manufacturing a full-color organic EL panel which
includes pixels emitting light of different colors formed by
selectively depositing an organic material on a pixel-by-
pixel basis. In the organic EL panel, pixels of one color are
regularly arranged in an array in which the pixels are spaced
at established intervals, and, in the mask, openings for
deposition are located at intervals such that the openings
correspond to every other pixel of one color or at intervals
such that the openings correspond to every few pixels of one
color.

[0019] The openings in a mask according to the present
invention may be preferably arranged in a checkerboard
pattern.

[0020] According to the present invention, an organic EL
element of one color is formed using two or more masks.
Therefore, wider spacing between openings is allowed in the
mask, which makes it possible to secure sufficient strength
of the mask in formation of pixels with high definition. As
aresult, the openings can be formed sufficiently large in size,
to thereby make the light-emitting area of the organic EL
element larger for prolonging an element life.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Preferred embodiments of the present invention
will be described in detail based on the following figures,
wherein:

[0022] FIG. 1 shows a mask structure according to a prior
art;
[0023] FIGS. 2A and 2B show mask structures according

to embodiments of the present invention;

[0024] FIG. 3 shows an example of a pixel configuration
obtained using masks A and B;

[0025] FIG. 4 is a diagram showing light-emitting char-
acteristics of an organic material, and

[0026] FIG. 5 shows the structure in which electro-optic

elements are provided.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Referring to drawings, preferred embodiments of
the present invention will be described below.
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Embodiment 1

[0028] FIGS. 2A and 2B show a set of deposition masks
used in an Embodiment 1 of the present invention. In this
embodiment, the set of deposition masks includes a sub-
mask A (depicted in FIG. 2A) and a sub-mask B (depicted
in FIG. 2B). Using the sub-masks A and B, a number of
pixels equivalent to the number of pixels typically deposited
in prior art configurations are deposited.

[0029] Among the openings of a prior-art mask illustrated
in FIG. 1, the sub-mask A includes openings only located at
the cells in odd-numbered rows and columns and at the cells
in even-numbered rows and columns, while the sub-mask B
includes openings only located at the cells in odd-numbered
rows, even-numbered columns and at the cells in even-
numbered rows, odd-numbered-columns.

[0030] In this manner, the number of openings in the
sub-masks A and B according to this embodiment are
reduced to one-half the number of openings shown in FIG.
1, while pitches px' and py' of the openings are extended to
twice the pitches px and py of the openings in the prior-art
mask of FIG. 1. In other words, the pitches px' and py' can
be expressed by the following equations: px'=2-px, py'=2-py.

[0031] Accordingly, horizontal and vertical distances dx'
and dy' between adjacent openings are extended by lengths
equal to the pixel pitches px and py, respectively, which
increases the area of a mask material. Because of the
increased area of the mask material, opening regions are less
distorted, even when the same tension is exerted, and more
uniform deposition can be expected.

[0032] Further, while pursuing high definition, it is also
possible to make the opening regions larger than those
formed in prior art devices. As a result, a sufficiently large
light-emitting area can be secured in the organic EL element
to thereby extend the service life of the organic EL element.

[0033] In a process of manufacturing the organic EL
element through the use of the set of deposition masks
according to this embodiment, deposition is performed using
the sub-masks A and B in succession. For example, using the
sub-mask A, pixels of a certain color are deposited, and then
pixels which are of the same certain color but not deposited
yet are deposited using the sub-mask B. In other words, it is
necessary to execute as many deposition steps as there are
sub-masks. Therefore, creating the sub-mask with respect to
only pixels which are subjected to RGB deposition with the
highest accuracy and creating the sub-mask with respect to
pixels of only two colors are preferable.

[0034] Variation in element features among the organic EL
elements formed using the sub-masks is very likely due to
factors such as manufacturing time lag or the like. It is
conceivable, for example, that the luminous intensity rela-
tive to a same current (luminous efficiency) will vary
between elements. Because any variation in the element
features results display unevenness, the openings of the
sub-masks A and B are preferably arranged in a pattern
which will reduce the likelihood of any variation in the
element features being visible on a resulting display.

[0035] When the same-color pixels are arranged in a
checkerboard pattern as shown in FIGS. 2A and 2B, display
unevenness is less noticeable. Additionally, as the checker-
board pattern can realize high definition display, this pattern
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effectively further suppresses noticeable differences in
brightness between adjacent same-color pixels.

[0036] Although various sub-masks, including a sub-mask
organized according to line or row number may be
employed, the checkerboard pattern is the most preferable
sub-mask pattern in terms of suppression of noticeable
display unevenness.

Embodiment 2

[0037] When the sub-masks according to Embodiment 1 is
used in a deposition step of forming pixels of a same color,
an organic EL element of a certain color manufactured by
deposition using the sub-mask A and an organic EL element
of the certain color manufactured by deposition using the
sub-mask B can be formed so as to have different features.

[0038] Although an element having features of high color
purity, high luminous efliciency, and a long life are generally
desired as an organic EL element, it is difficult to realize all
of the features in a single element.

[0039] Accordingly, in Embodiment 2, pixels of a same
color having different features are formed using sub-masks
to obtain an organic EL panel in which the different features
complement by each other in display operation.

[0040] FIG. 3 shows two by two pixels in which, for
example, RA, GA, and BA are formed using the sub-mask
A, and RB, GB, and BB are formed using the sub-mask B.

[0041] For example, it is assumed that the pixels formed
using the sub-mask A have properties of good color purity
and low luminous efliciency, while the pixels formed using
the sub-mask B have poor color purity properties and high
luminous efliciency as shown in FIG. 4. Such an arrange-
ment as assumed above can easily be implemented by
changing the organic materials to be deposited on the pixels.

[0042] Between the electrodes of a typical organic EL
element are provided various organic layers, such as a hole
transporting layer, an organic emissive layer, an electron
transporting layer, or the like, and various materials have
been suggested as organic materials for the organic layers. In
addition, various materials which can be employed in the
emissive layer as a host substance, doped substance, or the
like have also been suggested. Through selection of such
materials, it is possible to configure organic EL elements
having both properties of good color purity and low lumi-
nous efficiency and properties of poor color purity and high
luminous efficiency for each color.

[0043] Then, when forming a panel with only pixels
having either one of the properties, the panel will have
unbalanced, even lopsided, characteristics. For example,
when only pixels formed using the sub-mask A are included,
the panel can perform good color display but will consume
greater power. Alternatively, when only pixels formed using
the sub-mask B are included. the panel will consume less
power, but the quality of the color display will be poorer.

[0044] On the other hand, by configuring elements, as the
pixels as shown in FIG. 3, to emit the same color but have
different properties in a single panel, a panel having inter-
mediate characteristics, characteristics between those of the
panels comprising only pixels formed using either the sub-
mask A or the sub-mask B, can be obtained. In other words,
a panel can be produced that consumes less power than a

Jun. &, 2006

panel manufactured using only the sub-mask A, although
consumes more than a panel manufactured using only the
sub-mask B, and whose color display, while poorer than that
of a panel manufactured using only the sub-mask A, is
nevertheless superior to that of a panel manufactured using
only the sub-mask B.

[0045] The process described above, using both of the
above-described sub-masks A and B as shown in FIG. 3,
need not be applied to all of the R, G, and B colors, and it
is possible to only change the materials of one or two colors,
and to thereby impart different properties to only those
pixels for which adjustment of the properties is desired.

Embodiment 3

[0046] FIG. 5 shows a substrate according to Embodiment
3 of the present invention. On the substrate, a first electrode
for an organic EL element is formed, and an organic material
and a second electrode are deposited on the first electrode to
form the organic EL element for each pixel.

[0047] According to this embodiment, a pixel 6 formed by
deposition of a material of a certain color using the sub-mask
A, an electrode 7, a pixel 8 formed by deposition of a
material of the same certain color using the sub-mask B, an
electrode 9, and an electro-optic element 10 are configured.

[0048] In other words, among the pixels of one color, the
pixels formed using the sub-mask A are ordinary pixels,
while the pixels formed using the sub-mask B include the
electro-optic element 10. The electro-optic element 10 may
be, for example, an optical sensor, a solar cell element, or the
like. For example, when the electro-optic element 10 is an
optical sensor, the amount of light incident from outside the
device and the amount of light emitted from the correspond-
ing organic EL element can be measured depending on the
arrangement and structure of the optical sensor, thereby
enabling automatic control of the amount of light emission.

[0049] The placing of the electro-optic element 10 includ-
ing a photo receiver on the pixel 8, makes the area of the
electrode 9 on which the organic EL material is deposited
smaller than that of the electrode 7 on the pixel 6. Because
the pixels must be equal in light-emitting capability regard-
less of the size of the areas, the current density in the pixel
8 becomes higher than that in the pixel 6, leading to
shortening of the service life of the element.

[0050] However, because the organic material for the
pixels with the electro-optic element 10 is deposited using
another mask, by employing an organic material having a
longer life than that of the pixel 6 as the organic material to
be deposited on the pixel 8, and performing deposition using
the sub-mask B, service lives of the pixels 6 and 8 are
leveled out. Further, by including the electro-optic element
10, a high-functionality organic EL panel can be realized.

[0051] The invention has been described in detail with
particular reference to certain preferred embodiments
thereof, but it will be understood that variations and modi-
fications can be effected within the spirit and scope of the
invention.

PARTS LIST
[0052]
[0053]

3 mask openings

5 masks
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[0054] 6 pixel
[0055] 7 electrode
[0056] 8 pixel
[0057] 9 electrode
[0058] 10 element

1. A method of manufacturing a full-color organic EL
panel in which pixels emitting light of different colors are
formed by selectively depositing an organic material on a
pixel-by-pixel basis, wherein,

a deposition process of depositing an organic material for
emitting light of at least one color comprises:

a first step of depositing an organic material for emitting
light of at least one color, using a first mask, on a first
group of pixels corresponding to openings of the first
mask, and

a second step of depositing an organic material for emit-
ting light of the same color as the one color, using a
second mask, on a second group of the pixels corre-
sponding to openings of the second mask.

2. A method of manufacturing a full-color organic EL
panel according to claim 1, wherein the same organic
material is deposited both in the first step and in the second
step.

3. A method of manufacturing a full-color organic EL
panel according to claim 1, wherein the organic material
deposited in the second step is a material other than the
organic material deposited in the first step, but wherein both
of the materials emit light of the same color.
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4. A method of manufacturing a full-color organic EL
panel according to claim 3, wherein one of the different
organic materials has properties of high color purity and low
luminous efliciency and the other one of the organic mate-
rials has properties of low color purity and high luminous
efficiency.

5. A full-color organic EL panel in which pixels emitting
light of different colors are formed by selectively depositing
an organic material on a pixel-by-pixel basis wherein,

a plurality of pixels emitting light of at least one color
comprises:

a pixel composed of a material having properties of high
color purity and low luminous efficiency, and

a pixel composed of a material having properties of low

color purity and high luminous efficiency.

6. A deposition mask used for manufacturing a full-color
organic EL panel which includes pixels emitting light of
different colors formed by selectively depositing an organic
material on a pixel-by-pixel basis wherein:

in the organic EL panel, the pixels emitting light of one
color are regularly arranged in an array in which the
pixels are spaced at established intervals,

in the deposition mask, openings for deposition are
located at intervals such that the openings correspond
to every other pixel of one color or at intervals such that
the openings correspond to every few pixels of one
color.
7. A deposition mask according to claim 6, wherein the
openings are arranged in a checkerboard pattern.
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