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(57) ABSTRACT

LED display devices emit light in all directions. Therefore,
light is absorbed by peripheral insulating films for insulation
of wiring, protective films, partition walls, and the like, and
the light-extraction efficiency of a display becomes reduced,
resulting in insufficient luminance. According to the present
invention, such a problem is solved. This display device
comprises at least: a metal wiring; a cured film; and a
plurality of light-emitting elements. Each of the light-emit-
ting elements is equipped with a pair of electrode terminals
on one surface thereof. The pair of electrode terminals are
connected to a plurality of strands of the metal wiring
extending in the cured film. The plurality of strands of the
metal wiring are configured to maintain electrical insulating
properties due to the cured film. The cured film is obtained
by curing a resin composition containing a resin (A). The
transmittance of the cured film with respect to light having
a wavelength of 450 nm is 80-100% at a thickness standard
of 5 um of the cured film.
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DISPLAY DEVICE AND PRODUCTION
METHOD FOR DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to displays such as
LED display and a production method therefor.

BACKGROUND ART

[0002] From the viewpoint of providing displays with
highly improved performances, LED displays in which the
same number of light emitting diodes (hereinafter occasion-
ally referred to as LEDs) as required pixels are arranged are
attracting attention in recent years as a new display tech-
nology to replace the liquid crystal displays, plasma dis-
plays, and organic EL displays. In particular, currently in the
spotlight are mini-LED displays that have LED light sources
with sizes ranging from 1 mm, ie. about the size of
conventional ones, to 100 to 700 pym and micro-LED dis-
plays that are as small as less than 100 pm, and research and
development efforts are being actively made for them. The
main features of these mini-LED displays and micro-LED
displays include high contrast, high speed response, low
power consumption, and wide viewing angles. It is expected
that they will be applied not only to conventional devices
such as TVs, smart phones, and wearable displays such as
smart watches, but also to a wide range of new products with
high future potential such as those for signage, AR, VR, and
transparent displaying to display spatial images.

[0003] Various structures of LED displays that serve for
practical and high performance applications have been pro-
posed, including a structure that includes a multilayer flex-
ible circuit board and micro LEDs arranged thereon (see
Patent document 1) and a structure produced by forming a
bank layer and trace lines on a display substrate and arrang-
ing micro-LEDs and micro-driver chips thereon (see Patent
document 2). In addition, also proposed is a structure
produced by forming main light emitting element bodies
having electrode pads in an integral manner on a growth
substrate, forming a planarization layer thereon, removing
the planarization layer located on the electrode pads to
expose the electrode pads, forming outer side electrode pads
connected to the electrode pads on the aforementioned
planarization layer, and mounting them on a circuit board
with the circuit side electrodes located thereon in such a
manner that the outer side electrode pads are opposed to the
circuit side electrodes, followed by electrically connecting
the front external electrode pads to the circuit side electrodes
(see Patent document 3).

PRIOR ART DOCUMENTS

Patent Documents

[0004] Patent document 1: Japanese Unexamined Patent
Publication (Kokai) No. 2019-153812

[0005] Patent document 2: Japanese Unexamined Patent
Publication (Kokai) No. 2020-52404

[0006] Patent document 3: Japanese Unexamined Patent
Publication (Kokai) No. 2020-68313

SUMMARY OF INVENTION

Problems to be Solved by the Invention

[0007] In the LED display described in the above docu-
ment, however, light is emitted in all directions, and there-
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fore, light is absorbed by insulation films for wiring insu-
lation, protective films, partition walls, etc. that surround it.
Accordingly, the display will have the problem of low light
extraction efficiency and insufficient brightness.

Means of Solving the Problems

[0008] To solve the above problem, the present invention
is configured as described below.

[0009] [1] A display including at least metal wires, a cured
film, and a plurality of light emitting elements, each of the
light emitting elements having a pair of electrode terminals
on one face thereof, the pair of electrode terminals being
connected to the plurality of metal wires extending in the
cured film, the plurality of metal wires being electrically
insulated by the cured film, the cured film being a film
formed by curing a resin composition containing a resin (A),
and the cured film having a transmittance for 5 um thickness
0t'80% or more and 100% or less for light with a wavelength
of 450 nm.

[0010] [2] A production method for a display having at
least metal wires, a cured film, and a plurality of light
emitting elements including a step (D1) for arranging the
light emitting elements on a support substrate, a step (D2)
for forming a resin film from a resin composition containing
a resin (A) on the support substrate and the light emitting
elements, a step (D3) for irradiating and developing the resin
film to form a plurality of through-hole patterns in the resin
film, a step (D4) for curing the resin film to form a cured film
having a transmittance for 5 um thickness of 80% or more
and 100% or less for light with a wavelength of 450 nm, and
a step (DS) for forming the metal wires on at least part of the
surface of the cured film and in the hole patterns in the cured
film.

[0011] [3] A production method for a display having at
least metal wires, a cured film, and a plurality of light
emitting elements including

[0012] a step (E1) for disposing a metal pad on a
support substrate, a step (E2) for forming a resin film
from a resin composition containing a resin (A) on the
support substrate and the metal pad, a step (E3) for
irradiating and developing the resin film to form a
plurality of through-hole patterns in the resin film, a
step (E4) for curing the resin film to form the cured film
having a transmittance for 5 um thickness of 80% or
more and 100% or less for light with a wavelength 450
nm, a step (E5) for forming the metal wires on at least
part of the surface of the cured film and in the hole
patterns in the cured film, and a step (E6) for arranging
the light emitting elements on the cured film while
maintaining electric connection with the metal wires.

Advantageous Effects of the Invention

[0013] The display according to the present invention
shows increased light extraction efficiency and serves as a
high brightness display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion.
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[0015] FIG. 2 This gives an enlarged frontal sectional
view (upper part) of the designated region A and a bottom
face view (lower part) of the designated region A excluding
the light emitting elements.

[0016] FIG. 3 This gives an enlarged top sectional view
(upper part) of the designated region B, a cross-sectional
view (middle part) along a plane perpendicular to the front
face of the designated region B excluding the wires, and a
bottom face view (lower part) of the designated region B
excluding the opposite substrate.

[0017] FIG. 4 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has reflecting films.

[0018] FIG. 5 This is a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has partition walls.

[0019] FIG. 6 This is a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has partition walls in the cured film.

[0020] FIG. 7 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has reflecting films and partition walls.

[0021] FIG. 8 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has partition walls in the cured film and also has
reflecting films formed thereon.

[0022] FIG. 9 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has a structure in which a drive element exists in the
cured film.

[0023] FIG. 10 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has another structure in which a drive element
exists in the cured film.

[0024] FIG. 11 This gives a cross-sectional view of a
production process for an embodiment of the display accord-
ing to the present invention.

[0025] FIG. 12 This gives a cross-sectional view of a
production process for an embodiment of the display accord-
ing to the present invention that has partition walls.

[0026] FIG. 13 This gives a cross-sectional view of a
production process for an embodiment of the display accord-
ing to the present invention that has reflecting films.
[0027] FIG. 14 This gives a cross-sectional view of
another example of the production process for a display
according to the present invention.

[0028] FIG. 15 This gives a cross-sectional view of a
production process for another example of the display
according to the present invention that has partition walls.
[0029] FIG. 16 This gives a cross-sectional view of a
production process for another example of the display
according to the present invention that has reflecting films.
[0030] FIG. 17 This gives a frontal sectional view of
another embodiment of the display according to the present
invention.

[0031] FIG. 18 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has an electrically conductive film.

[0032] FIG. 19 This gives a frontal sectional view of
another embodiment of the display according to the present
invention that has an electrically conductive film.

[0033] FIG. 20 This gives a frontal sectional view of
another embodiment of the display according to the present
invention that has an electrically conductive film.
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[0034] FIG. 21 This gives a frontal sectional view of
another embodiment of the display according to the present
invention that has an electrically conductive film.

[0035] FIG. 22 This gives a frontal sectional view of an
embodiment of the display according to the present inven-
tion that has shading layers.

[0036] FIG. 23 This gives a frontal sectional view of a hole
pattern in the cured film.

[0037] FIG. 24 This gives a cross-sectional view of a
production process for an embodiment of the display accord-
ing to the present invention that has an electrically conduc-
tive film.

[0038] FIG. 25 This gives a cross-sectional view of a
production process for an embodiment of the display accord-
ing to the present invention that has shading layers.

[0039] FIG. 26 This gives a cross-sectional view of a
production process for another example of the display
according to the present invention that has an electrically
conductive film.

[0040] FIG. 27 This gives a cross-sectional view of
another example of the production process for the display
according to the present invention.

[0041] FIG. 28 This gives a frontal sectional view of
another embodiment of the display according to the present
invention that has an electrically conductive film.

[0042] FIG. 29 This gives a frontal sectional view of
another embodiment of the display according to the present
invention that has an electrically conductive film.

[0043] FIG. 30 This gives a cross-sectional view of
another example of the production process for an embodi-
ment of the display according to the present invention that
has an electrically conductive film.

[0044] FIG. 31 This gives a cross-sectional view of
another example of the production process for an embodi-
ment of the display according to the present invention that
has an electrically conductive film.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0045] Favorable embodiments of the display according to
the present invention will be described in more detail below,
but it should be noted that the present invention is not
limited to the embodiments described below and may be
modified appropriately to suit particular objectives and
purposes.

[0046] The display according to the present invention is a
display that includes at least metal wires, a cured film, and
a plurality of light emitting elements wherein each of the
light emitting elements has a pair of electrode terminals on
one face thereof; the pair of electrode terminals are con-
nected to the plurality of metal wires extending in the cured
film; the plurality of metal wires is electrically insulated by
the cured film; the cured film is a film formed by curing a
resin composition containing a resin (A); and the cured film
has a transmittance for 5 um thickness of 80% or more and
100% or less for light with a wavelength of 450 nm.
[0047] The display according to the present invention is
described below with reference to the embodiment illus-
trated in FIG. 1.

[0048] FIG. 1 shows a display 1 that has a plurality of light
emitting elements 2 arranged on an opposite substrate 5 and
a cured film 3 formed on the light emitting elements 2. The
term “formed on the light emitting elements” means that the
film exists at least either on the surface of the light emitting
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elements or above the support substrate or the light emitting
elements. In the embodiment illustrated in FIG. 1, a cured
film 3 is disposed in such a manner that it is in contact with
at least part of the light emitting elements 2 and a plurality
of additional cured film layers 3 is formed on top of it to
form a structure containing a total of three layers. However,
it may be a monolayer structure containing only one cured
film layer 3. Each of the light emitting elements 2 has a pair
of electrode terminals 6 on the face opposed to the other face
that is in contact with the opposite substrate 5, and each of
the electrode terminals 6 is connected with a metal wire 4
extending in the cured film 3. Here, if the plurality of metal
wires 4 extending in the cured film 3 is covered completely
by the cured film 3, the cured film 3, which can act as an
insulation film, serves to construct a structure in which
electrical insulation is maintained. If electrical insulation of
metal wires is maintained in a structure, it means that those
portions of the metal wires which require electrical insula-
tion are covered by the cured film, which is formed by curing
a resin composition containing the resin (A). Furthermore,
the light emitting elements 2 will be electrically connected
through metal wires 4 and 4c to the drive element 8 that is
added to the light emitting element driving substrate 7
located at an opposed position to the opposite substrate 5,
thereby serving to control the light emission from the light
emitting elements 2. In addition, the light emitting element
driving substrate 7 is electrically connected to the metal
wires 4 through, for example, a solder bump. A barrier metal
9 may be provided additionally in order to prevent diffusion
of metal components from the metal wires 4 etc. It should be
noted that in all diagrams given here and hereafter, the metal
wires 4¢ may permeate the light emitting element driving
substrate 7 to achieve connection to the drive element 8.

[0049] The cured film 3 is a film formed by curing a resin
composition containing the resin (A) that will be described
later, and it is essential for the cured film 3 to have a
transmittance for 5 um thickness of 80% or more and 100%
or less for light with a wavelength of 450 nm. This serves to
prevent the light beams emitted in all directions from the
light emitting elements 2 from being absorbed in the cured
film 3 to ensure increased light extraction efficiency and
realize increased brightness. From the viewpoint of bright-
ness improvement, the transmittance for 5 um thickness is
preferably 90% or more and 100% or less for light with a
wavelength of 450 nm.

[0050] To determine the transmittance for 5 um thickness
of a cured film for light with a wavelength of 450 nm,
measurements may be taken after removing the cured film
from the display, but a cured film to use for transmittance
determination may be prepared under the conditions for the
evaluation method for light transmittance of a cured film that
will be described later. In the case where a plurality of
stacked cured film layers is formed, any of the cured film
layer may be used for measurement.

[0051] There are no specific limitations on the material
used in the metal wires 4, and a generally known material
may be adopted. Examples thereof include gold, silver,
copper, aluminum, nickel, titanium, molybdenum, and
alloys containing them, of which copper is preferable. Here,
the metal wires 4 may include the electrodes therein.

[0052] For the display according to the present invention,
the metal wires may be in the form of electrically conductive
films.
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[0053] There are no specific limitations on the materials to
use for such electrically conductive films, and examples
thereof include compounds containing, as primary compo-
nent, an oxide of at least one substance selected from
indium, gallium, zinc, tin, titanium, niobium, or the like, and
photosensitive electrically conductive pastes containing
organic substances and electrically conductive particles.
Other generally known materials may also be used. Specific
examples of such compounds containing, as primary com-
ponent, an oxide of at least one substance selected from
indium, gallium, zinc, tin, titanium, niobium, or the like
include indium tin zinc oxide (ITZ0), indium gallium zinc
oxide (IGZO; InGaZnO), zinc oxide (Zn0O), indium zinc
oxide (IZ0O), indium gallium oxide (IGO), indium tin oxide
(ITO), and indium oxide (InO).

[0054] These electrically conductive films can be pro-
duced by, for example, wet plating techniques such as
electroless plating and electrolytic plating, CVD (chemical
vapor deposition) techniques (CVD) such as thermal CVD,
plasma CVD, and laser CVD, dry plating techniques such as
vacuum deposition, sputtering, and ion plating, and others
such as bonding of metal foil to a substrate and subsequent
etching.

[0055] In regard to the photosensitive electrically conduc-
tive pastes containing organic substances and electrically
conductive particles, examples of useful organic substances
include epoxy resin, phenoxy resin, acrylic copolymers, and
epoxy carboxylate compounds. Two or more of these may be
contained together. An organic substance having a urethane
bond may also be contained. The inclusion of a substance
having a urethane bond can serve to ensure improved
flexibility of the wires. Furthermore, it is preferable for the
organic substance in use to show photosensitivity because it
serves to form a fine wire pattern easily by photolithography.
Photosensitivity can be developed by, for example, adding a
photo initiator or a component having an unsaturated double
bond.

[0056] For the present invention, the electrically conduc-
tive particles are particles that contain a substance having an
electric resistivity of 107> Q-m or less. Useful materials for
the electrically conductive particles include, for example,
silver, gold, copper, platinum, lead, tin, nickel, aluminum,
tungsten, molybdenum, chromium, titanium, indium, and
alloys of these metals, as well as carbon particles. It should
be noted that the electrically conductive film contains elec-
trodes as well. Typical displays that adopt electrically con-
ductive films are shown in FIG. 28 and FIG. 29.

[0057] Another illustrative embodiment of the present
invention is given in FIG. 17, which shows a structure that,
unlike the display illustrated in FIG. 1, has a cured film 22
disposed so as to be in contact with at least part of the light
emitting elements 2. The cured film 22 that is disposed so as
to be in contact with at least part of the light emitting
elements 2 may be a cured film formed by curing a resin
composition or a resin sheet containing the resin (A) or may
be of a material other than a cured film formed by curing a
resin composition or a resin sheet containing the resin (A),
and as that material, a generally known one such as epoxy
resin, silicone resin, and fluorine resin may be used.

[0058] For the present invention, the light emitting ele-
ment driving substrate 7 is, for example, a substrate having
an element with a driving function, and it is preferably
connected to the drive element 8.
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[0059] There are no specific limitations on the material
used for the light emitting element driving substrate 7, and
a generally known material may be adopted. Examples
thereof include glass substrate, sapphire substrate, printed
circuit board, TFT array substrate, and ceramic substrate.
[0060] For the present invention, the total cured film
thickness is preferably 5 to 100 um. If the total cured film
thickness is 5 to 100 pum, it serves to prevent the light beams
emitted in all directions from the light emitting elements 2
from being absorbed in the cured film 3 to ensure increased
light extraction efficiency and realize increased brightness.
In addition, it also serves to decrease the height of the
display itself that includes light emitting elements and
shorten the wire length, thereby realizing the prevention of
wiring defects such as short circuits in wires, suppression of
loss reduction, and improvement in high speed response.
[0061] The total cured film thickness means the total
thickness of a stack of continuously disposed cured film
layers in which at least part of a cured film is in contact with
another cured film layer. For example, in the case where a
plurality of cured film layers 3 is stacked as in FIG. 1
described above, the distance denoted by 19 in FIG. 1 shows
the total cured film thickness. The total cured film thickness
is preferably 7 to 70 pm and more preferably 8 to 60 um. If
it is less than 5 pum, the metal wires will not be protected
adequately and wiring defects such as short circuits may
occur in the wires, whereas if it is more than 100 pm,
problems may likely to occur in some cases such as insuf-
ficient light extraction efficiency as well as hindrance to a
decrease in the height of the display itself and shortening of
the wire length that can serve for the prevention of wiring
defects such as short circuits in wires, suppression of loss
reduction, and improvement in high speed response.
[0062] When a stack of a plurality of cured film layers is
used, it is preferable for the number of stacked cured film
layers to be two or more and 10 or less.

[0063] From the viewpoint of arranging a plurality of light
emitting elements, it is preferable to adopt one or more cured
film layers. It is more preferable to adopt two or more cured
film layers because it serves to increase the number of metal
wires that can be connected to the light emitting elements,
thus allowing a plurality of light emitting elements to be
arranged. On the other hand, the number is preferably 10 or
less from the viewpoint of decreasing the package height
and shortening the wire length, which serves for prevention
of wiring defects such as short circuits in wires, reduction in
loss, and improvement in high speed response.

[0064] For the present invention, it is preferable that the
cured film have a hole pattern that penetrates it in the
thickness direction, with metal wires extending at least in the
hole pattern, and that the bottom face portion of each metal
wire, which is formed at a position where it is in contact with
a light emitting element, has a maximum size of 2 to 20 pm.
[0065] FIG. 2 gives an enlarged frontal sectional view
(upper part) of the designated region A defined in FIG. 1 and
a bottom face view (lower part) of the designated region A
excluding the light emitting elements. In the enlarged frontal
sectional view (upper part) of the designated region A shown
in FIG. 2, cured film layers 3 are disposed on a light emitting
element 2. In the diagram, a hole pattern 12 is provided in
the cured film layers 3, and a metal wire 4 is provided in the
hole pattern 12. The metal wire 4 extends in the cured film
3 to the light emitting element 2 and reaches the position
where it comes in contact with the electrode terminal 6 of the
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light emitting element 2, and the bottom face portion 13 of
the metal wire 4 represents the shape of the metal wire 4 at
the contact point.

[0066] The bottom face portion 13 is shown in the bottom
face view (lower part) of the designated region A excluding
the light emitting elements in FIG. 2. In this view, the light
emitting elements 2 are excluded and the bottom face
portion 13 of the metal wire 4 that extends in the cured film
3 is seen from below. The shape of the bottom face portion
13 may depends on the features of a particular product or the
form of its light emitting elements. When it is a circle, the
diameter is defined as the maximum size 14; when it is an
ellipse, the major axis is defined as the maximum size 14;
and when it is a polygon such as rectangle, the longest of the
diagonals that connect the apexes in the corners is defined as
the maximum size 14. Here, FIG. 2 illustrates an example in
which the bottom face portion 13 in the bottom face view
(lower part) of the designated region A excluding the light
emitting element has a circular shape.

[0067] This constitution serves to apply minute light emit-
ting elements and achieve high density mounting of a
plurality of light emitting elements to make it possible to
develop a wide range of displays with different sizes that
have high resolution light emitting elements. In addition,
this serves to realize the formation of fine metal wires,
production of cured films with smaller total thickness due to
an increase in the number of wires that can be formed in a
unit area, and prevention of the light beams emitted in all
directions from the light emitting elements 2 from being
absorbed in the cured film 3 to ensure increased light
extraction efficiency and realize increased brightness. In
addition, it also serves to decrease the height of the display
itself that include light emitting elements and shorten the
wire length, thereby realizing the prevention of wiring
defects such as short circuits in wires, suppression of loss
reduction, and improvement in high speed response.
[0068] From the viewpoint of the application of minute
light emitting elements and high density mounting of light
emitting elements, it is preferable for the bottom face portion
of'a metal wire to have a maximum size of 2 to 15 um, more
preferably 2 to 10 um, and still more preferably 2 to 5 um.
If it is less than 2 um, its connection to the light emitting
elements 2 may not be achieved appropriately, whereas if it
is more than 20 pm, it may hinder the application of minute
light emitting elements and high density mounting thereof.
[0069] For the present invention, the bottom face portion
of'a metal wire that is formed at a position in the vicinity of
a light emitting element may have a maximum size of 2 to
20 pm.

[0070] This constitution serves to apply minute light emit-
ting elements and mount a plurality of light emitting ele-
ments to achieve a high density, making it possible to
develop a wide range of displays with different sizes that
have high resolution light emitting elements. In addition,
this serves to realize the formation of fine metal wires,
production of cured films with smaller total thickness due to
an increase in the number of wires that can be formed in a
unit area, and prevention of the light beams emitted in all
directions from the light emitting elements 2 from being
absorbed in the cured film 3 to ensure increased light
extraction efficiency and realize increased brightness. In
addition, it also serves to decrease the height of the display
itself that include light emitting elements and shorten the
wire length, thereby realizing the prevention of wiring
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defects such as short circuits in wires, suppression of loss
reduction, and improvement in high speed response.
[0071] From the viewpoint of the application of minute
light emitting elements and high density mounting of light
emitting elements, it is preferable for the bottom face portion
of'a metal wire to have a maximum size of 2 to 15 um, more
preferably 2 to 10 um, and still more preferably 2 to 5 um.
If it is less than 2 pm, its connection to the light emitting
elements 2 may not be achieved appropriately, whereas if it
is more than 20 pm, it may hinder the application of minute
light emitting elements and high density mounting thereof.
[0072] Itis preferable for the thickness of the cured film to
be 1.1 times or more and 4.0 times or less as large as the
thickness of each metal wire.

[0073] To explain on the basis of the enlarged frontal
sectional view (upper part) of the designated region A in
FIG. 2, the thickness of a metal wire refers to the thickness
of the metal wire 4a disposed on the surface the cured film
3 and it does not include the thickness of the metal wire 44
that extends in the hole pattern penetrating the cured film 3
in its thickness direction. The metal wire preferably has a
thickness of 0.1 to 10 um, more preferably 3 to 10 um. If the
metal wire has a thickness of 0.1 to 10 pm, it serves to
decrease the height of the display itself that include light
emitting elements and shorten the wire length, thereby
realizing the prevention of wiring defects such as short
circuits in wires, suppression of loss reduction, and improve-
ment in high speed response. Ifit is 3 to 10 um, furthermore,
it serves to reduce the wiring resistance and contribute to
decreasing the electric power consumption and increasing
the brightness.

[0074] To explain on the basis of the enlarged frontal
sectional view (upper part) of the designated region A in
FIG. 2, the thickness of the cured film means the thickness
of the cured film 34 that covers the metal wire 4a.

[0075] As a result, it becomes possible to produce a cured
film with high reliability that can work as a protective film
for appropriate metal wires and prevent wiring defects such
as short circuits in the wires.

[0076] The thicknesses of the metal wires in different
layers may be identical to or different from each other. If
they differ in thickness in FIG. 1 for example, it is preferable
for the thickness of the metal wires disposed near the bump
10 to be larger than that of the metal wires disposed near the
light emitting elements 2. This serves to prevent the occur-
rence of wiring defects when connecting a light emitting
element driving substrate 7 having bumps 10 and produce a
display with high reliability.

[0077] For the present invention, it is preferable for the
cured film to cover the faces of each light emitting element
other than the light extraction face.

[0078] As an example, FIG. 3 gives an enlarged top
cross-sectional view (upper part) of the designated region B
defined in FIG. 1, a cross-sectional view (middle part) along
a plane perpendicular to the front face of the designated
region B excluding the wires, and a bottom face view (lower
part) showing the designated region B excluding the oppo-
site substrate.

[0079] In the enlarged top sectional view (upper part) of
the designated region B in FIG. 3, the light emitting element
2 is covered by the cured film 3, and the metal wires 4, seen
through the top face, are connected to the electrode terminals
6 of the light emitting element and extend in the cured film
3.
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[0080] In the sectional view (middle part) along a plane
perpendicular to the front face excluding the wires in FIG.
3, it is shown that the light emitting element 2 is surrounded
and covered by the cured film 3.

[0081] In the bottom face view (lower part) of the desig-
nated region B excluding the opposite substrate in FIG. 3, it
is shown that the light emitting element 2 is surrounded and
covered by the cured film 3, but one face of the light emitting
element 2 is left uncovered by the cured film 3.

[0082] As seenin FIG. 1 and FIG. 3, all side faces and the
top face of the light emitting element 2 are covered by the
cured film 3, and this allows the light emitting element 2 to
be protected against external impact. This is preferable also
because it serves to planarize the surface that has a depres-
sion resulting from arranging the light emitting elements 2
and also serves to allow an opposite substrate 5 to be
attached easily.

[0083] Because of having a transmittance in the range
described above, the cured film 3, which covers the faces of
each light emitting element 2 other than the light extraction
face, works to reduce the absorption of light beams emitted
into the cured film 3 from the light emitting element 2,
thereby ensuring increased light extraction efficiency and
realizing increased brightness. From the viewpoint of bright-
ness improvement, it is preferable for the cured film 3 to
have a transmittance of 90% or more and 100% or less.
[0084] For the present invention, it is preferable to provide
reflecting films on the cured film.

[0085] As shown in FIG. 4, reflecting films 15 are pro-
vided on the cured film 3 that surrounds the light emitting
elements 2. If reflecting films 15 are provided on the cured
film 3 that has a high transmittance as described above, light
beams having passed through the cured film 3 will be
reflected by the reflecting films 15 to further increase the
light extraction efficiency and improve the brightness.
[0086] These reflecting films can be provided at any
appropriate positions in the cured film, and specifically, they
may be disposed to surround the four faces of each light
emitting element around the light extraction direction, may
be disposed diagonally to the light emitting element, or may
be disposed along a curved line. The reflecting films should
be of any material as long as they can reflect light, and good
materials include, but not limited to, aluminum, silver,
copper, titanium, and alloys containing them.

[0087] For the present invention, it is preferable that
partition walls having a thickness equal to or larger than the
thickness of the light emitting elements be disposed between
the two or more light emitting elements.

[0088] As shown in FIG. 5, it is preferable for partition
walls 16 to be disposed in a repeating pattern that suites the
number of pixels contained in the display 1 that has the light
emitting elements 2, and more specifically, they are prefer-
ably disposed between the light emitting elements 2 or
around each of them. This constitution is preferable because
it allows the opposite substrate 5 to be attached easily.
[0089] It is preferable for the thickness of each partition
wall to be larger than the thickness of the light emitting
elements, and more specifically, it is preferably 5 to 120 pm.
[0090] The partition wall may be constructed mainly of a
cured film formed by curing a resin composition containing
the resin (A) or may be of a material other than a resin
composition containing the resin (A), and good materials
include generally known ones such as epoxy resin, (meth)
acrylic polymers, polyurethane, polyester, polyolefin, and
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polysiloxane. The use of these materials serves to form a
partition wall having good adhesion property.

[0091] The partition wall may have a shading portion on
a side face of or inside the partition wall itself in order to
suppress light leakage from the light emitting elements and
mixing of colors between pixels, thereby realizing improved
contrast. The shading portion is a portion that contains a
black pigment etc.

[0092] In addition, a reflecting portion may also be pro-
vided on a side face of each partition wall in order to reflect
light beams emitted from a light emitting element toward the
partition wall, thereby ensuring increased light extraction
efficiency and realizing increased brightness. The reflecting
portion is a portion that contains a white pigment etc.

[0093] It is preferable that partition walls having a thick-
ness equal to or larger than the thickness of the light emitting
elements be disposed between the two or more light emitting
elements in the cured film that covers the light emitting
elements.

[0094] FIG. 6, which illustrates another illustrative
embodiment that use partition walls, shows a structure in
which partition walls 16 are disposed between or around the
light emitting elements 2 in the cured film 3 that covers the
light emitting elements 2.

[0095] The partition wall shown in FIG. 6 may be of a
material other than a resin composition containing the resin
(A), and good materials include generally known ones such
as epoxy resin, (meth)acrylic polymers, polyurethane, poly-
ester, polyolefin, and polysiloxane. The use of these mate-
rials serves to form a partition wall having good adhesion
property.

[0096] The disposition of such partition walls is preferable
because they serve as marks when transferring the light
emitting elements in a subsequent step and also because they
can work as photospacers to allow the light emitting ele-
ments to be transferred more efficiently. In addition, each
partition wall may have a shading portion on a side face of
or inside the partition wall itself in order to suppress light
leakage from the light emitting elements and mixing of
colors between pixels, thereby realizing improved contrast.
The shading portion is a portion that contains a black
pigment etc.

[0097] For the present invention, it is also preferable that
not only partition walls having a thickness equal to or larger
than the thickness of the light emitting elements be disposed
between the two or more light emitting elements, but also
reflecting films are provided around the partition walls.

[0098] Specifically, typical display structures are shown in
FIG. 7 and FIG. 8, wherein not only partition walls 16
having a thickness equal to or larger than the thickness of the
light emitting elements 2 are disposed between the two or
more light emitting elements 2, but also reflecting films 15
are provided around the partition walls.

[0099] The adoption of such a structure in which reflecting
films are provided around the partition walls allows the light
beams emitted from the light emitting elements to be
reflected by the reflecting films disposed around the partition
walls, thereby realizing increased light extraction efficiency
and increased brightness.

[0100] The partition wall may have a shading portion on
a side face of or inside the partition wall itself in order to
suppress light leakage from the light emitting elements and
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mixing of colors between pixels, thereby realizing improved
contrast. The shading portion is a portion that contains a
black pigment etc.

[0101] In addition, a reflecting portion may also be pro-
vided on a side face of each partition wall in order to reflect
light beams emitted from a light emitting element toward the
partition wall, thereby ensuring increased light extraction
efficiency and realizing increased brightness. The reflecting
portion is a portion that contains a white pigment etc.
[0102] For the present invention, light diffusion layers
may be provided around the light emitting elements, the
cured film, or the metal wires.

[0103] For the present invention, the light emitting ele-
ment is preferably an LED with a side length of 5 um or
more and 700 um or less, and the light emitting element is
more preferably an LED with a side length of 5 um or more
and 100 pum or less.

[0104] An LED consists mainly of a p-type semiconductor
and an n-type semiconductor joined through a p-n junction.
When a voltage is applied in the normal direction to the
LED, electrons and positive holes will move through the
chip to cause electric current. In this process, electrons and
positive holes are recombined to cause an energy difference,
and the surplus energy is converted into light energy to cause
light emission. The wavelength of light emitted from an
LED depends on the compounds, such as GaN, GaAs,
InGaAlP, or GaP, that constitute the semiconductors, and the
difference in wavelength defines the color of the light to be
emitted. In general, a white color is created by mixing two
or more light beams of different colors, and in the case of an
LED, largely improved color reproducibility is realized by
mixing the three primary colors of red, green, and blue,
thereby creating a more natural white color.

[0105] In regard to the shape, there are bullet-like, chip-
like, and polyhedral LEDs, of which chip-like and polyhe-
dral ones are preferable from the viewpoint of the produc-
tion of minute LEDs. In addition, it is preferable to use
LEDs with a side length of 5 um or more and 700 um or less
because it allows a plurality of chips to be arranged, and it
is more preferable to adopt LEDs with a side length of 5 um
or more and 100 um or less.

[0106] To mount LEDs on a substrate, such as light
emitting element driving substrate 7, that carries a cured film
3, there are some methods proposed so far including, but not
limited to, the pick-and-place method and mass transfer
method.

[0107] Available techniques for mounting LEDs on a
substrate include, for example, a technique in which LEDs
that emit red, green, and blue light beams are disposed at
appropriate positions in a matrix-like array on a substrate
and a technique in which single color LEDs that emit beams
ofred, blue, etc., or ultraviolet LEDs that emit ultraviolet ray
are mounted in an array on a substrate. The former technique
may use LEDs each emitting a red, green, or blue light beam
or may use LEDs emitting red, green, and blue light beams
that are stacked in the vertical direction. The latter technique
serves for easy mounting of LEDs in an array. In this case,
full color display can be realized by forming red, green, or
blue sub-pixels using wavelength conversion material such
as quantum dots.

[0108] A generally known substance may be used as
wavelength conversion material.

[0109] In the case of using LEDs that emit blue light, for
example, it is preferable that only an array of LEDs that emit
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blue light beams be mounted first to prepare an LED array
substrate, then followed by forming wavelength conversion
layers in which excitation by blue light is caused and
wavelength is converted to emit red and green light beams
at the positions corresponding to red and green sub-pixels.
This makes it possible to form red, green, and blue sub-
pixels by using only LEDs that emit blue light beams.
[0110] On the other hand, in the case of using ultraviolet
LEDs that emit ultraviolet light, it is preferable that an array
of ultraviolet LEDs alone be mounted first to prepare an
LED array substrate, followed by forming wavelength con-
version layers in which excitation by ultraviolet light is
caused and wavelength is converted to emit red, green, and
blue light beams at the positions corresponding to red, green,
and blue sub-pixels. This serves to reduce the difference in
light emission angle among different sub-pixel colors that
were described above.

[0111] As the wavelength conversion layer, generally
known ones may be used and color filters etc. may also be
used as required.

[0112] As the opposite substrate used for the present
invention, a glass plate, resin plate, resin film, or the like
may be applied. When using a glass plate, it is preferable to
adopt a plate of non-alkali glass. Preferable materials for
such a resin plate or resin film include polyester, (meth)
acrylic polymers, transparent polyimide, and polyether
sulfone. It is preferable for such a glass plate and resin plate
to have a thickness of 1 mm or less, more preferably 0.8 mm
or less. The thickness of the resin film is preferably 100 um
or less.

[0113] For the present invention, it is preferable that the
display have a drive element and that the light emitting
elements be electrically connected to the drive element by
metal wires extending in the cured film. If the display has a
drive element and the light emitting elements are electrically
connected to the drive element by metal wires extending in
the cured film, it serves to perform switching-driving of a
plurality of light emitting elements separately. Useful drive
elements include driver ICs. A plurality of driver ICs with
different functions may be applied to one LED or one group
of red, blue, and green LEDs.

[0114] In regard to the structure of arranged drive ele-
ments, it is preferable to adopt a structure in which the drive
element 8 is contained in the cured film 3 in such a manner
that it is disposed on the opposite substrate 5 and near the
light emitting element 2 as illustrated in FIG. 9. It is also
preferable to adopt a structure in which the drive element 8
is contained in the cured film and disposed above the light
emitting element 2 as illustrated in FIG. 10.

[0115] This serves to shorten the wire length, thereby
realizing the prevention of wiring defects such as short
circuits in wires, suppression of loss reduction, and improve-
ment in high speed response.

[0116] For the present invention, it is preferable that a
drive element and a substrate be included in such a manner
that the drive element is connected to the light emitting
elements by metal wires and that at least part of the metal
wires extends along a side face of the substrate. If a drive
element and a substrate are included in such a manner that
the drive element is connected to the light emitting elements
by metal wires and that at least part of the metal wires
extends along a side face of the substrate, it serves not only
to allow switching-driving of a plurality of light emitting
elements separately, but also decrease the height of the
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display itself and enhance the high speed response, thereby
realizing the production of a smaller display with a smaller
frame.

[0117] As in the case of the light emitting element driving
substrate 7, there are no specific limitations on the substrate
and a generally known one may be adopted. Examples
thereof include glass substrate, sapphire substrate, printed
circuit board, TFT array substrate, and ceramic substrate.
The metal wires at least part of which extends along a side
face of the substrate may be of, for example, gold, silver,
copper, aluminum, nickel, titanium, tungsten, aluminum, tin,
chromium, or an alloy containing them. Furthermore, useful
techniques that can be used to form the metal wires extend-
ing along a side face of the substrate include, for example,
wet plating techniques such as electroless plating and elec-
trolytic plating, CVD (chemical vapor deposition) tech-
niques (CVD) such as thermal CVD, plasma CVD, and laser
CVD, dry plating techniques such as vacuum deposition,
sputtering, and ion plating, and others such as bonding of
metal foil to a substrate and subsequent etching. It is also
good to provide a groove along a side face of the substrate.
In this case, the groove works to separate mutually adjacent
metal wires completely, thereby preventing short circuits
from occurring between metal wires. A groove to accom-
modate such a side face conductor wire can be produced by
such a technique as cutting, etching, and laser processing.
[0118] It is preferable for such metal wires to be laid, for
example, as denoted by 4c¢ in FIG. 1 and FIG. 5.

[0119] For the present invention, the metal wires may be
in the form of electrically conductive films.

[0120] Useful materials for such electrically conductive
films include, for example, compounds containing, as pri-
mary component, an oxide of at least one substance selected
from indium, gallium, zinc, tin, titanium, niobium, or the
like, and photosensitive electrically conductive pastes con-
taining organic substances and electrically conductive par-
ticles, and other generally known ones may be used.
[0121] Specific examples of such compounds containing,
as primary component, an oxide of at least one substance
selected from indium, gallium, zinc, tin, titanium, niobium,
or the like include indium tin zinc oxide (ITZO), indium
gallium zinc oxide (IGZO; InGaZnO), zinc oxide (ZnO),
indium zinc oxide (IZO), indium gallium oxide (IGO),
indium tin oxide (ITO), and indium oxide (InO).

[0122] These electrically conductive films can be pro-
duced by, for example, wet plating techniques such as
electroless plating and electrolytic plating, CVD (chemical
vapor deposition) techniques (CVD) such as thermal CVD,
plasma CVD, and laser CVD, dry plating techniques such as
vacuum deposition, sputtering, and ion plating, and others
such as bonding of metal foil to a substrate and subsequent
etching.

[0123] In the photosensitive electrically conductive pastes
containing organic substances and electrically conductive
particles, it is preferable for the electrically conductive
pastes to account for 60 to 90 mass %. If an electrically
conductive layer contains an organic substance, it serves to
prevent disconnection in curved faces, bendable portions,
etc., to ensure a higher electric conductivity. If the content
of electrically conductive particles is less than 60 mass %,
the probability of contact between electrically conductive
particles decreases, leading to a lower electric conductivity.
In addition, electrically conductive particles may be sepa-
rated easily in bendable portions of the wires. The content of
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electrically conductive particles is preferably 70 mass % or
more. On the other hand, if the content of electrically
conductive particles is more than 90 mass %, it will be
difficult to form a good wiring pattern and disconnection will
occur easily in bendable portions. The content of electrically
conductive particles is preferably 80 mass % or less.

[0124] Examples of useful organic substances include
epoxy resin, phenoxy resin, acrylic copolymers, and epoxy
carboxylate compounds. Two or more of these may be
contained together. An organic substance having a urethane
bond may also be contained. The inclusion of a substance
having an urethane bond can serve to ensure improved
flexibility of the wires. Furthermore, it is preferable for the
organic substance in use to show photosensitivity because it
serves to form a fine wire pattern easily by photolithography.
Photosensitivity can be developed by, for example, adding a
photo initiator or a component having an unsaturated double
bond.

[0125] For the present invention, the electrically conduc-
tive particles are particles that contain a substance having an
electric resistivity of 107> Q-m or less. Useful materials for
the electrically conductive particles include, for example,
silver, gold, copper, platinum, lead, tin, nickel, aluminum,
tungsten, molybdenum, chromium, titanium, indium, and
alloys of these metals, as well as carbon particles. Further-
more, it is preferable that two or more types of electrically
conductive particles be contained. If two or more types of
electrically conductive particles are contained, it serves, in
the heat treatment step described later, to prevent the sin-
tering of electrically conductive particles of the same type
that can cause volume shrinkage, and as a result, reduce the
overall volume shrinkage of the electrically conductive film,
leading to a higher bendability.

[0126] It is preferable for the electrically conductive par-
ticles to have an average particle diameter of 0.005 to 2 um.
In the case where two or more types of electrically conduc-
tive particles are contained, the average particle diameter
referred to above means the average particle diameter of the
particles with larger diameter. If the electrically conductive
particles have an average particle diameter of 0.005 um or
more, it serves to maintain moderate interaction between
electrically conductive particles, thereby allowing the elec-
trically conductive particles to be in a more stable dispersed
state. It is more preferable for the electrically conductive
particles to have an average particle diameter of 0.01 pm or
more. On the other hand, if the electrically conductive
particles have an average particle diameter of 2 um or less,
it serves to produce a desired wiring pattern more easily. It
is more preferable for the electrically conductive particles to
have an average particle diameter of 1.5 um or less.

[0127] It is preferable for the electrically conductive film
to have a thickness of 2 to 10 um. If the electrically
conductive film has a thickness of 2 um or more, it serves to
prevent disconnection in bendable portions to ensure a
higher electric conductivity. It is more preferable for the
electrically conductive film to have a thickness of 4 um or
more. On the other hand, if the electrically conductive film
has a thickness of 10 um or less, it serves to produce a wiring
pattern more easily in the manufacturing process. It is more
preferable for the electrically conductive film to have a
thickness of 8 um or less.
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[0128] In regard to the constitution of the electrically
conductive film, it is preferable, for example, to adopt
structures as shown in FIG. 18 to FIG. 21 where it is denoted
by 27.

[0129] For the present invention, it is preferable to provide
shading layers between the two or more light emitting
elements. If shading layers are provided between the two or
more light emitting elements, they serve to suppress light
leakage from the light emitting elements and mixing of
colors between pixels and realize improved contrast without
suffering a significant decrease in light extraction efficiency.
[0130] These shading layers may be constructed mainly of
a cured film formed by curing a resin composition contain-
ing the resin (A) and a coloring material (E) or may be of a
material other than a resin composition containing the resin
(A), and good materials include generally known ones such
as epoxy resin, (meth)acrylic polymers, polyurethane, poly-
ester, polyolefin, and polysiloxane. A black pigment may be
used as the coloring material (E), and good materials
include, for example, black organic pigments such as carbon
black, perylene black, and aniline black, and inorganic
pigments including graphite and fine particles of metal such
as titanium, copper, iron, manganese, cobalt, chromium,
nickel, zinc, calcium, and silver, as well as metal oxides,
composite oxides, metal sulfides, metal nitrides, and metal
oxynitrides thereof. Furthermore, a red pigment and a blue
pigment may be combined, along with a yellow pigment and
other pigments as required, to provide a black mixture. Dyes
may also be used. Two or more coloring materials may be
contained together.

[0131] The resin composition containing a resin (A) and a
coloring material (E) may be made photosensitive, and a
photosensitizing agent (B) as described later may be used.
[0132] For example, a preferable method to produce a
resin composition containing a resin (A) and a coloring
material (E) is to disperse a resin solution containing a resin
(A) and a coloring material (E), along with a dispersant and
an organic solvent as required, using a disperser to prepare
a coloring material dispersion liquid with a high coloring
material concentration, followed by further adding the resin
(A) and other components such as photosensitizing agent as
required and stirring the liquid. Filtration may be performed
as required.

[0133] Examples of the disperser include ball mill, bead
mill, sand grinder, triple roll mill, and high-speed impact
mill. In particular, from the viewpoint of realizing a higher
dispersion efficiency and finer dispersion, the use of a bead
mill is preferable. Examples of the bead mill include CoBall
Mill, basket mill, pin mill, and dyno mill. Examples of beads
to use in bead mills include titania beads, zirconia beads, and
zircon beads. For these bead mills, it is preferable to use
beads with diameters of 0.03 to 1.0 mm. If the diameter of
primary particles and the diameter of secondary particles
formed of aggregated primary particles are small in the
coloring material (E), it is preferable to use fine beads with
diameters of 0.03 to 0.10 mm. In this case, it is preferable to
adopt a bead mill equipped with a centrifugal separation
type separator that can separate the fine beads from the
dispersion liquid. On the other hand, to disperse a coloring
material containing bulky particles of a submicronic size,
the use of beads with diameters of 0.10 mm or more is
preferable because large crushing force can be realized.
[0134] A resin composition containing a resin (A) and a
coloring material (E) may be spread over a substrate, which
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can be selected from various appropriate ones, dried, and
then heat-treated to form a shading layer. When it has
photosensitivity, light irradiation is performed by applying
actinic ray as described later, followed by development and
heat treatment steps as described later to form a patterned
shading layer.

[0135] It is preferable for the shading layer to have a
thickness of 0.1 to 5 um. If the shading layer has a thickness
of 0.1 um or more, it serves to suppress light leakage from
the light emitting elements and mixing of colors between
pixels and realize increased contrast. It is more preferable
for the shading layer to have a thickness of 0.5 um or more.
On the other hand, if the wires have a thickness of 5 um or
less, they serve to suppress light leakage from the light
emitting elements and mixing of colors between pixels and
realize increased contrast without suffering a significant
decrease in light extraction efficiency. It is more preferable
for the shading layer to have a thickness of 4 pm or less.
[0136] The shading layer is produced preferably by form-
ing a colored film with a film thickness of 1.0 um on a
non-alkali glass plate with a thickness of 0.7 mm in such a
manner that the reflection chromaticity value (a*, b*), which
is the chromaticity measured from the glass surface, is in the
range of —0.5=a*<1.0 and -1.0=b*<0.5, more preferably
-0.5=a*<0.5 and -1.0=b*<0.4. Reflection chromaticity rep-
resents the color tone of an image reflected in the colored
film and the reflection color tone can be said to become more
achromatic as the (a*, b*) values come closer to (0.0, 0.0).
Compared to this, the reflection color tone in a black portion
of'a liquid crystal display or an organic EL display generally
has a negative b* value and is bluish, and accordingly, it is
preferable for a decorating film used in a display to have a
negative b* value.

[0137] To determine the reflection chromaticity (L*,a*,b*)
of a colored film, a spectrophotometer (CM-2600d, manu-
factured by Konica Minolta, Inc.) calibrated with a white
calibration plate (CM-A145, manufactured by Konica
Minolta, Inc.) is used, and the total reflection chromaticity
(SCI) of light coming through the transparent base is mea-
sured under the measuring conditions of the use of a
standard light source D65 (color temperature 6504 K), view
angle of 2° (CIE1976), atmospheric pressure, and 20° C.
[0138] In regard to the constitution of the shading layer, it
is preferable, for example, to adopt a structure as shown in
FIG. 22 where it is denoted by 28. The shading layer 28 may
be either in contact with the light emitting elements 2 or
separated from them.

[0139] For the present invention, the cured film formed by
curing a resin composition containing the resin (A) has a
transmittance for 5 um thickness of 80% or more and 100%
or less for light with a wavelength of 450 nm. This serves to
prevent the light beams emitted in all directions from the
light emitting elements from being absorbed in the cured
film, which is formed by curing a resin composition con-
taining the resin (A), to ensure increased light extraction
efficiency and realize increased brightness.

[0140] To realize such characteristics, it is preferable for
the resin (A) to have a high heat resistance. Specifically, it
preferably suffers little resin degradation when exposed to
heat at a high temperature of 160° C. or more during heat
treatment or after heat treatment and undergoes little for-
mation of a quinone structure, which is a coloring structure,
or the like as a result of resin degradation, resin decompo-
sition etc. Furthermore, such a cured film is preferable
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because it is low in outgassing rate, which is a good
characteristic for a cured film to be used as, for example,
insulation film, protective film, or partition wall in a display.

[0141] Furthermore, from the viewpoint of the formation
of an intended hole pattern by light irradiation and devel-
opment, it is preferable that before the curing step, the resin
(A) have a high light transmittance at the exposure wave-
length.

[0142] To realize such characteristics, good methods
include, for example, shortening the conjugated chains
derived from aromatic rings in the resin and reducing the
movement of electric charges in a molecule or between
molecules.

[0143] For protection of the metal wires, furthermore, it is
preferably high in processability even when having a large
thickness of 10 pm or more.

[0144] There are no specific limitations on the resin (A),
but it is preferably an alkali-soluble resin from the viewpoint
of environmental load reduction. To determine the alkali-
solubility, a solution prepared by dissolving the resin in
y-butyrolactone is spread over a silicon wafer and prebaked
at 120° C. for 4 minutes to form a prebaked film having a
film thickness of 10+0.5 pum. Then, the prebaked film is
immersed in a 2.38 mass % aqueous solution of tetramethyl
ammonium hydroxide at 23x1° C. for 1 minute and then
rinsed with pure water, followed by measuring the decrease
in film thickness. If the prebaked film is dissolved at a
dissolution rate of 50 nm/min or more, then the resin is
defined as alkali-soluble.

[0145] The resin (A) preferably contains one or more
resins selected from the group consisting of polyimide,
polyimide precursor, polybenzoxazole, polybenzoxazole
precursor, and copolymers thereof. The resin (A) may con-
tain only one of these resins or may contain a combination
of two or more of these resins.

[0146] Described below are the polyimide, polyimide pre-
cursor, polybenzoxazole, and polybenzoxazole precursor.

[0147] There are no specific limitations on the polyimide
as long as it has an imide ring. There are no specific
limitations on the polyimide precursor as long as it has a
structure that can form an imide ring-containing polyimide
when undergoing dehydration-cyclization, and it may con-
tain polyamic acid, polyamic acid ester, etc. There are no
specific limitations on the polybenzoxazole as long as it has
an oxazole ring. There are no specific limitations on the
polybenzoxazole precursor as long as it has a structure that
can form a benzoxazole ring-containing polybenzoxazole
when undergoing dehydration-cyclization, and it may con-
tain polyhydroxyamide, etc.

[0148] The polyimide has a structural unit as represented
by the general formula (1); the polyimide precursor and
polybenzoxazole precursor have structural units as repre-
sented by the general formula (2) given below; and the
polybenzoxazole has a structural unit as represented by the
general formula (3). Two or more of these may be contained
and a resin formed by copolymerizing a structural unit as
represented by the general formula (1), a structural unit as
represented by the general formula (2), and a structural unit
as represented by the general formula (3) may be contained.
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[Chemical compound 1]
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[0149] In the general formula (1), V is a tetravalent to
decavalent organic group having 4 to 40 carbon atoms and
W is a divalent to octavalent organic group having 4 to 40
carbon atoms; a and b each denote an integer of 0 to 6; R*
and R? each denote one selected from the group consisting
of a hydroxyl group, carboxyl group, sulfonic group, and
thiol group; and the plurality of R"’s and R*’s may be
identical to or different from each other.

[Chemical compound 2]

2
0 (OH), O (OH)y
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[0150] In the general formula (2), X and Y each indepen-
dently denote a divalent to octavalent organic group having
4 to 40 carbon atoms; R and R* each independently repre-
sent a hydrogen atom or a monovalent organic group con-
taining 1 to 20 carbon atoms; ¢ and d each denote an integer
of 0 to 4; and e and f each denote an integer of 0 to 2.

[Chemical compound 3]
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[0151] In the general formula (3), T and U each indepen-
dently denote a divalent to octavalent organic group having
4 to 40 carbon atoms.

[0152] In the general formula (1), it is preferable that
a+b>0 in order to allow the resin (A) to be alkali-soluble. In
the general formula (2), furthermore, it is preferable that
c+d+e+f>0. In the case where the general formula (2)
represents a polyimide precursor, it is preferable that X and
Y in the general formula (2) each have an aromatic group.
Furthermore, the general formula (2) has an aromatic group
as X, meets the relatione>2, and has a carboxyl group or a
carboxy ester group at the ortho position of the aromatic
amide group. The structure forms an imide ring through
dehydration-cyclization.

[0153] In the case where the general formula (2) repre-
sents a polybenzoxazole precursor, the general formula (2)
has an aromatic group as X, meets the relationd>0, and has
a hydroxyl group at the ortho position of the aromatic amide
group. The structure forms a benzoxazole ring through
dehydration-cyclization.

(©)
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[0154] For the resin (A), the number of repetitions n of a
structural unit as represented by the general formula (1),
general formula (2), or general formula (3) is preferably 5 to
100,000, more preferably 10 to 100,000.

[0155] Furthermore, another structural unit may be con-
tained in addition to a structural unit as represented by the
general formula (1), general formula (2), or general formula
(3). Examples of such another structural unit include, but not
limited to, cardo structure and siloxane structure. In this
case, the main constituent unit is preferably a structural unit
as represented by the general formula (1) or the general
formula (2). Here, the main constituent unit is the unit that
is represented by the general formula (1), general formula
(2), or the general formula (3) and accounts for 50 mol % or
more, preferably 70 mol % or more, of all structural units.

[0156] V—(R'), in the general formula (1), (OH)—X—
(COOR?), in the general formula (2), and T in the general
formula (3) each denote an acid residue. V is a tetravalent to
decavalent organic group having 4 to 40 carbon atoms and
in particular, it is preferably an organic group having 4 to 40
carbon atoms and having an aromatic ring or a cycloali-
phatic group. X and T are each a divalent to octavalent
organic group having 4 to 40 carbon atoms and in particular,
they are each preferably an organic group containing 4 to 40
carbon atoms and having an aromatic ring or an aliphatic

group.

[0157] Examples of the acid component present in the acid
residue include, but not limited to, dicarboxylic acids such
as terephthalic acid, isophthalic acid, dipheny] ether dicar-
boxylic acid, bis(carboxyphenyl)hexafluoropropane, biphe-
nyldicarboxylic acid, benzophenone dicarboxylic acid, tri-
phenyldicarboxylic acid, suberic acid, dodecafluorosuberic
acid, azelaic acid, sebacic acid, hexadecafluorosebacic acid,
1,9-nonanedioic acid, dodecanedioic acid, tridecanedioic
acid, tetradecanedioic acid, pentadecanedioic acid, hexade-
canedioic acid, heptadecanedioic acid, octadecanedioic acid,
nonadecanedioic acid, eicosane diacid, henicosane diacid,
docosane diacid, tricosane diacid, tetracosane diacid, pen-
tacosane diacid, hexacosane diacid, heptacosane diacid,
octacosane diacid, nonacosane diacid, and triacontane
diacid; tricarboxylic acids such as trimellitic acid, trimesic
acid, diphenyl ether tricarboxylic acid, and biphenyl tricar-
boxylic acid; and tetracarboxylic acids such as pyromellitic
acid, 3,3', 4,4'-biphenyltetracarboxylic acid, 2,3,3',4'-biphe-
nyltetracarboxylic acid, 2,2', 3,3'-biphenyltetracarboxylic
acid, 3,3', 4,4'-diphenyl ether tetracarboxylic acid, 3.,3',
4.4'-benzophenone tetracarboxylic acid, 2,2', 3,3'-benzophe-
none tetracarboxylic acid, 2,2-bis(3,4-dicarboxyphenyl)
propane, 2,2-bis(2,3-dicarboxyphenyl) propane, 1,1-bis(3,4-
dicarboxyphenyl) ethane, 1,1-bis(2,3-dicarboxyphenyl) eth-
ane, bis(3,4-dicarboxyphenyl) methane, bis(2,3-dicarboxy-
phenyl) methane, bis(3,4-dicarboxyphenyl) ether, 1,2,5,6-
naphthalene tetracarboxylic acid, 9,9-bis(3,4-
dicarboxyphenyl) fluorene, 9,9-bis{4-(3,4-
dicarboxyphenoxy)phenyl} fluorene, 2,3.6,7-naphthalene
tetracarboxylic acid, 2,3,6,7-naphthalene tetracarboxylic
acid, 2,3,5,6-pyridine tetracarboxylic acid, 3,4,9,10-
perylene tetracarboxylic acid, 2,2-bis(3,4-dicarboxyphenyl)
hexafluoropropane, aromatic tetracarboxylic acids having
structures as shown below, butane tetracarboxylic acid,
cyclobutane tetracarboxylic acid, and 1,2,3,4-cyclopentane
tetracarboxylic acid. Two or more of these may be used in
combination.
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[Chemical compound 4]
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[0158] In the formulae, R'7 denotes an oxygen atom,

C(CF;),, or C(CH;),. R*™® and R'? are each a hydrogen atom
or a hydroxyl group.

[0159] These acids may be used in their original form or
in the form of anhydrides, halides, or active esters.

[0160] W-—(R?), in the general formula (1), (OH),—Y—
(COOR4)f in the general formula (2), and U in the general
formula (3) each denote an diamine residue. W, Y, and U are
each a divalent to octavalent organic group having 4 to 40
carbon atoms and in particular, they are each preferably an
organic group containing 4 to 40 carbon atoms and having
an aromatic ring or a cycloaliphatic group.

[0161] Specific examples of the diamine present in the
diamine residue include hydroxyl group-containing
diamines such as bis(3-amino-4-hydroxyphenyl) hexafluo-
ropropane, bis(3-amino-4-hydroxyphenyl) sulfone, bis(3-
amino-4-hydroxyphenyl) propane, bis(3-amino-4-hydroxy-
phenyl) methylene, bis(3-amino-4-hydroxyphenyl) ether,
bis(3-amino-4-hydroxy) biphenyl, and bis(3-amino-4-hy-
droxyphenyl) fluorene; sulfonic acid-containing diamines
such as 3-sulfonic acid-4,4'-diaminodiphenyl ether; thiol
group-containing diamines such as dimercaptophenylene
diamine; aromatic diamines such as 3,4'-diaminodiphenyl
ether, 4.4'-diaminodiphenyl ether, 3,4'-diaminodiphenyl
methane, 4,4'-diaminodiphenyl methane, 3,4'-diaminodi-
phenyl sulfone, 4,4'-diaminodipheny] sulfone, 3.,4'-diamino-
diphenyl sulfide, 4,4'-diaminodiphenyl sulfide, 1,4-bis(4-
aminophenoxy)benzene, benzine, m-phenylene diamine,
p-phenylene diamine, 1,5-naphthalene diamine, 2,6-naph-
thalene diamine, bis(4-aminophenoxy phenyl) sulfone, bis
(3-aminophenoxy phenyl) sulfone, bis(4-aminophenoxy)bi-
phenyl, bis{4-(4-aminophenoxy)phenyl} ether, 1,4-bis(4-
aminophenoxy )benzene, 2,2'-dimethyl-4,4'-

diaminobiphenyl, 2,2'-diethyl-4,4'-diaminobiphenyl, 3,3'-
dimethyl-4,4'-diaminobiphenyl, 3,3'-diethyl-4,4'-
diaminobiphenyl, 2,2", 3,3'-tetramethyl-4,4'-
diaminobiphenyl, 33", 4,4'-tetramethyl-4,4'-
diaminobiphenyl, and 2,2"-bis(trifluoromethyl)-4,4'-

diaminobiphenyl; compounds formed by substituting part of
the hydrogen atoms in the aromatic rings in these aromatic
substances by an alkyl group or fluoroalkyl group having 1
to 10 carbon atoms or a halogen atom; diamines having
nitrogen-containing aromatic heterocyclic groups such as
2,4-diamino-1,3,5-triazine  (guanamine), 2,4-diamino-6-
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methyl-1,3,5-triazine (acetoguanamine), and 2,4-diamino-6-
phenyl-1,3,5-triazine (benzoguanamine); silicone diamines
such as 1,3-bis(3-aminopropyl)-1,1,3,3-tetramethyl disi-
loxane, 1,3-bis(p-aminophenyl)-1,1,3,3-tetramethyl disi-
loxane, 1,3-bis(p-aminophenethyl)-1,1,3,3-tetramethy] disi-
loxane, and 1,7-bis(p-aminophenyl)-1,1,3,3,5,5,7,7-
octamethyl tetrasiloxane; alicyclic diamines such as
cyclohexyl diamine and methylene biscyclohexyl amine;
and diamines having structures as shown below. Two or
more of these may be used in combination.

[Chemical compound 5]
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-continued
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[0162] In the formulae, R*° denotes an oxygen atom,
C(CF;),, or C(CH,),. R*! to R** are each independently a
hydrogen atom or a hydroxyl group.

[0163] In particular, the inclusion of at least one diamine
having a structure as shown below is preferable from the
viewpoint of ensuring a higher alkali developability and
providing a resin (A) and its cured film with a higher
transmittance.

[Chemical compound 6]
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[0164] In the formulae, R*° denotes an oxygen atom,
C(CF;),, or C(CH,),. R*! and R*? are each independently a
hydrogen atom or a hydroxyl group.

[0165] These diamines can be used in the form of the
original diamines, diisocyanate compounds produced
through reaction between diamine and phosgene, or trim-
ethylsilylated diamines.

[0166] It is also preferable for the resin (A) to contain a
group selected from alkylene groups and alkylene ether
groups. These groups may contain aliphatic rings. It is
particularly preferable for the group selected from alkylene
groups and alkylene ether groups to be a group as repre-
sented by the general formula (4).

12
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[Chemical compound 7]
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[0167] In the general formula (4), R® to R® each indepen-
dently denote an alkylene group having 1 to 6 carbon atoms.
R® to R'¢ each independently denote a hydrogen atom,
fluorine atom, or an alkyl group having 1 to 6 carbon atoms.
However, the structures in parentheses are different from
each other. Furthermore, g, h, and i each independently
denote an integer of 0 to 35 and meet the relation g+h+i>0.
[0168] Groups as represented by the general formula (4)
include, for example, ethylene oxide group, propylene oxide
group, and butylene oxide group, which may be linear,
branched, or cyclic.

[0169] If the resin (A) has a group selected from alkylene
groups and alkylene ether groups, it serves to allow the resin
(A) and its cured film to have better mechanical character-
istics, a higher elongation percentage in particular, and also
achieve an increase in light transmittance at 450 nm between
before and after curing.

[0170] In regard to the resin (A), it is preferable for W in
the general formula (1) or Y in the general formula (2) to
contain a group selected from alkylene groups and alkylene
ether groups as described above. This serves to allow the
resin (A) and its cured film to have better mechanical
characteristics, a higher elongation percentage in particular,
and also achieve an increase in light transmittance at 450 nm
between before and after curing. Furthermore, if the cured
film of a resin composition is heat-treated at a low tempera-
ture to cause cyclization, it works to achieve an increased
chemical resistance, stronger adhesion property to the metal
substrate, and durability in constant-temperature, constant-
humidity test (HAST).

[0171] Specific examples of such a diamine containing a
group selected from alkylene groups and alkylene ether
groups include ethylene diamine, 1,3-diaminopropane,
2-methyl-1,3-propane diamine, 1,4-diaminobutane, 1,5-di-
aminopentane, 2-methyl-1,5-diaminopentane, 1,6-diamino-
hexane, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-di-
aminononane, 1,10-diaminodecane, 1,11-diaminoundecane,
1,12-diaminododecane, 1,2-cyclohexane diamine, 1,3-cy-
clohexane diamine, 1,4-cyclohexane diamine, 1,2-bis(ami-
nomethyl) cyclohexane, 1,3-bis(aminomethyl) cyclohexane,
1,4-bis(aminomethyl) cyclohexane, 4,4'-methylene bis(cy-
clohexylamine), 4,4'-methylene bis(2-methylcyclohexylam-
ine), KH-511, ED-600, ED-900, ED-2003, EDR-148, EDR-
176, D-200, D-400, D-2000, THE-100, THF-140, THE-170,
RE-600, RE-900, RE-2000, RP-405, RP-409, RP-2005,
RP-2009, RT-1000, HE-1000, HT-1100, and HT-1700 (all
trade names, manufactured by HUNTSMAN).

[0172] Here, these diamines may contain bonds such as
—S—, —SO—, —SO0,—, —NH—, —NCH;—,
—N(CH,CH,;)—, —N(CH,CH,CH,)—, —N(CH(CH,)
»)— —CO0O—, —CONH—, —OCONH—, and
—NHCONH—.

[0173] It is preferable for such a diamine residue contain-
ing a group selected from alkylene groups and alkylene ether
groups to account for 5 mol % or more, more preferably 10
mol % or more, of all diamine residues. On the other hand,

@)
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it preferably accounts for 40 mol % or less, more preferably
30 mol % or less, of all diamine residues. If the content is
in the above range, it serves not only to realize a higher
developability with an alkaline developer, but also to allow
the resin (A) and its cured film to have better mechanical
characteristics, a higher elongation percentage in particular,
and also achieve a higher light transmittance at 450 nm after
curing. Furthermore, if the cured film of a resin composition
is heat-treated at a low temperature to cause cyclization, it
works to achieve an increased chemical resistance, stronger
adhesion property to the metal surface, and durability in
constant-temperature, constant-humidity test (HAST).

[0174] It may be copolymerized with a diamine residue
having an aliphatic polysiloxane structure unless it suffers a
decrease in heat resistance. Copolymerization with a
diamine residue having an aliphatic polysiloxane structure
can serve to improve the adhesion property to the substrate.
Specific examples of diamine components include bis(3-
aminopropyl)tetramethyl disiloxane and bis(p-aminophe-
nyl)octamethyl pentasiloxane copolymerized with 1 to 15
mol % of all diamine residues. Copolymerization in this
range is preferable in terms of improvement in the adhesion
property to the substrate such as silicon wafer and preven-
tion of a decrease in solubility in alkali solutions.

[0175] Chain ends of the resin (A) may be capped with a
monoamine, anhydride, acid chloride, or monocarboxylic
acid having an acidic group to provide a resin having acidic
groups at backbone chain ends. As the monoamine, anhy-
dride, acid chloride, or monocarboxylic acid having an
acidic group, generally known ones may be adopted and a
plurality thereof may be used in combination.

[0176] The end-capping agents such as monoamine, anhy-
dride, acid chloride, and monocarboxylic acid preferably
account for 2 to 25 mol % of the total quantity of the acids
and amine components present in the component (A), which
accounts for 100 mol %.

[0177] The resin (A) preferably has a weight average
molecular weight of 10,000 or more and 100,000 or less. A
weight average molecular weight of 10,000 or more enables
the production of a cured film having improved mechanical
characteristics after curing. The weight average molecular
weight is more preferably 20,000 or more. On the other
hand, a weight average molecular weight of 100,000 or less
is preferable because it serves to improve the developability
with various developers, and a weight average molecular
weight of 50,000 or less is preferable because it serves to
improve the developability with alkali solutions.

[0178] The weight average molecular weight (Mw) can be
determined by GPC (gel permeation chromatography). For
example, N-methyl-2-pyrrolidone (hereinafter occasionally
abbreviated as NMP) can be used as eluent to take mea-
surements to determine the polystyrene based value.

[0179] It is preferable for the content of the resin (A) to be
3 to 55 mass %, more preferably 5 to 40 mass %, relative to
the total quantity of all components including the solvent,
which account for 100 mass %. A content in the above range
makes it possible to adjust the viscosity appropriately for the
implementation of spin coating or slit coating.

[0180] Other substances may also be used, including phe-
nol resin, polymers containing, as a monomer unit, a radical
polymerizable monomer having an alkali-soluble group
such as polyhydroxystyrene and acrylic resin, siloxane poly-
mers, cyclic olefin polymers, and cardo resin. Generally
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known resins may be employed, and these resins may be
used singly or a plurality of resins may be used in combi-
nation.

[0181] Itis preferable for the resin composition containing
the resin (A) used for the present invention to further include
a photosensitizing agent (B) (hereinafter occasionally
referred as component (B)).

[0182] The inclusion of the component (B) serves to make
the resin composition photosensitive and form a fine hole
pattern.

[0183] The component (B) is a compound that undergoes
changes in chemical structure when exposed to ultraviolet
ray. Examples thereof include photo acid generator, photo
base generator, and photo initiator. If a photo acid generator
is used as the component (B), it works to produce an acid in
the irradiated portion of the photosensitive resin composi-
tion so that the irradiated portion increases in solubility in
alkaline developers, thus forming a positive type pattern in
which the irradiated portion will be dissolvable.

[0184] If a photo base generator is used as the component
(B), it works to produce a base in the irradiated portion of
the resin composition so that the irradiated portion decreases
in solubility in alkaline developers, thus forming a negative
type pattern in which the irradiated portion will be insoluble.

[0185] If a photo initiator is used as the component (B), it
works to produce radicals to cause radical polymerization in
the irradiated portion of the resin composition so that the
portion becomes insoluble in alkaline developers, thus form-
ing a negative type pattern. Furthermore, UV curing is
accelerated by the light irradiation, ensuring an increase in
sensitivity.

[0186] For the present invention, a cured film formed by
curing a resin composition containing the resin (A) and
component (B) has a transmittance for 5 um thickness of
80% or more and 100% or less for light with a wavelength
0f'450 nm. This serves to prevent the light beams emitted in
all directions from the light emitting elements from being
absorbed in the cured film, which is formed by curing a resin
composition containing the resin (A) and component (B), to
ensure increased light extraction efficiency and realize
increased brightness.

[0187] To realize such characteristics, it is preferable for
the component (B) to be as follows: the component (B) itself
is high in transmittance for light of 450 nm; it is so high in
heat resistance that a quinone structure, which is a coloring
structure, or the like will not be formed significantly; reac-
tion products resulting from reactions of the component (B)
with the resin (A), thermal crosslinking agent (C), etc., are
high in light transmittance; and decomposition products
themselves of the component (B) and reaction products
originating from decomposition products thereof are high in
light transmittance. Furthermore, light irradiation is prefer-
ably performed before curing a resin composition containing
the component (B) in order to suppress coloring during heat
treatment.

[0188] From the viewpoint of fine processability, it is
preferable for a resin composition containing the resin (A)
and the component (B) to have positive photosensitivity.
[0189] Of the above substances that can work as the
component (B), the use of a photo acid generator is prefer-
able from the viewpoint of high sensitivity and fine pro-
cessability. Examples of the photo acid generator include
quinonediazide compounds, sulfonium salts, phosphonium
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salts, diazonium salts, and iodonium salts. In addition, a
sensitizing agent etc. may also be included as required.
[0190] It is preferable for such a quinonediazide com-
pound to have a structure in which a sulfonic acid of
naphthoquinonediazide is connected through an ester bond
to a compound having a phenolic hydroxyl group. Useful
examples of the compound having a phenolic hydroxyl
group include generally known ones, which preferably con-
tain 4-naphthoquinonediazide sulfonic acid or 5-naphtho-
quinonediazide sulfonic acid that is introduced through an
ester bond, though compounds other than these may also be
used.

[0191] It is preferable that 50 mol % or more of the
functional groups in these compounds having phenolic
hydroxide groups be substituted by quinonediazide. If using
a quinonediazide compound that is substituted by 50 mol %
or more, the quinonediazide compound is lower in the
affinity with aqueous alkali solutions. As a result, the resin
composition in the unirradiated portion will be much lower
in solubility in the aqueous alkali solution in use. Further-
more, light irradiation works to convert the quinonediazide
sulfonyl group into an indenecarboxylic acid, and accord-
ingly, the photosensitive resin composition in the irradiated
portion will become very high in the rate of dissolution in
the aqueous alkali solution. Thus, this results in a large ratio
in dissolution rate between the irradiated portion and the
unirradiated portion of the composition, thereby making it
possible to form a pattern with high resolution.

[0192] The inclusion of such a quinonediazide compound
enables the production of a positive type photosensitive
resin composition that is photosensitive not only to the i-line
(365 nm), h-line (405 nm), or g-line (405 436 nm) of a
common mercury lamp, but also to broad band light that
contains them. Furthermore, the aforementioned compounds
useful for the component (B) may be contained singly or two
or more of them may be contained in combination to provide
a highly photosensitive resin composition.

[0193] Useful quinonediazide compounds include not
only those containing either a S-naphthoquinonediazide
sulfonyl group or a 4-naphthoquinonediazide sulfonyl group
but also those containing both a 5-naphthoquinonediazide
sulfonyl group and a 4-naphthoquinonediazide sulfonyl
group in one molecule.

[0194] Useful naphthoquinonediazide sulfonyl ester com-
pounds include S5-naphthoquinonediazide sulfonyl ester
compounds (B-1) and 4-naphthoquinonediazide sulfonyl
ester compounds (B-2), but for the present invention, it is
preferable that a compound (B-1) be included. The com-
pounds (B-1) absorb light over a wide range including the
g-line of a mercury lamp, and therefore, they are suitable not
only for g-line irradiation or also for full wavelength range
irradiation. In addition, they react with the resin (A) etc. in
the curing step to form a crosslinked structure and accord-
ingly serve to ensure increased chemical resistance. Further-
more, as compared to the compounds (B-2), they do not
cause significant coloring in the heat treatment step, and
therefore, their use is also preferable from the viewpoint of
light transmittance after the heat treatment step. In regard to
the content of the compounds (B-1), they preferably account
for 55 mass % or more and 100 mass % or less relative to
the total quantity of all photosensitizing agents, that is, the
total quantity of the compounds (B-1) and the compounds
(B-2). If their content is in this range, it serves to produce a
cured film with a high light transmittance.
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[0195] A quinonediazide compound can be synthesized by
a generally known method through an esterification reaction
between a compound containing a phenolic hydroxyl group
and a quinonediazide sulfonic acid compound. The use of a
quinonediazide compound serves to further increase the
resolution, sensitivity, and residual film rate.

[0196] The molecular weight of the component (B) is
preferably 300 or more, more preferably 350 or more, and
preferably 3,000 or less, more preferably 1,500 or less, from
the viewpoint of the heat resistance, mechanical character-
istics, and adhesion property of the film that can be produced
by heat treatment.

[0197] Of the useful substances for the component (B),
sulfonium salts, phosphonium salts, and diazonium salts are
preferable because they can stabilize moderately the acid
component generated by light irradiation. In particular, the
use of a sulfonium salt is preferable.

[0198] It is preferable for the component (B) to account
for 0.1 part by mass or more and 100 parts by mass or less
relative to 100 parts by mass of the resin (A). When
accounting for 0.1 part by mass or more and 100 parts by
mass or less, the component (B) can work to develop
photosensitivity while serving to produce a heat-treated film
with high heat resistance, chemical resistance, and mechani-
cal characteristics.

[0199] In the case where the component (B) contains a
quinonediazide compound, it is more preferable for the
component (B) to account for 1 part by mass or more, still
more preferably 3 parts by mass or more, relative to 100
parts by mass of the component (A). On the other hand, its
content is more preferably 100 parts by mass or less, still
more preferably 80 parts by mass or less. When accounting
for 1 part by mass or more and 100 parts by mass or less, it
can work to develop photosensitivity while serving to pro-
duce a heat-treated film with high heat resistance, chemical
resistance, and mechanical characteristics.

[0200] In the case where the component (B) contains a
sulfonium salt, phosphonium salt, or diazonium salt, it is
more preferable for the component (B) to account for 0.1
part by mass or more, still more preferably 1 part by mass
or more, and particularly preferably 3 parts by mass or more,
relative to 100 parts by mass of the resin (A). On the other
hand, its content is more preferably 100 parts by mass or
less, still more preferably 80 parts by mass or less, and
particularly preferably 50 parts by mass or less. When
accounting for 0.1 part by mass or more and 100 parts by
mass or less, it can work to develop photosensitivity while
serving to produce a heat-treated film with high heat resis-
tance, chemical resistance, and mechanical characteristics.
[0201] Inthe case where it contains a photo base generator
as the component (B), specific examples of good photo base
generators include amide compounds and ammonium salts.
[0202] Such amide compounds include, for example, 2-ni-
trophenylmethyl-4-methacryloyloxy piperidine-1-carboxy-
late, 9-anthrylmethyl-N,N-dimethyl carbamate, 1-(anthra-
quinone-2-yl) ethylimidazole carboxylate, and (E)-1-[3-(2-
hydroxyphenyl)-2-propenoyl] piperidine.

[0203] Such ammonium salts include, for example, 1,2-
diisopropyl-3-(bisdimethylamino)methylene)  guanidium
2-(3-benzoylphenyl) propionate, (Z)-{[bis(dimethylamino)
methylidene]amino }-N-cyclohexylamino)methaniumtetra-
kis(3-fluorophenyl) borate, and 1,2-dicyclohexyl-4,4,5,5-te-
tramethylbiguanidium n-butyltriphenyl borate.
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[0204] In the case where it contains a photo base generator
as the component (B), it is preferable for the component (B)
in the resin composition to account for 0.1 part by mass or
more, more preferably 0.5 part by mass or more, still more
preferably 0.7 part by mass or more, and particularly pref-
erably 1 part by mass or more, relative to 100 parts by mass
of the resin (A). A content in the above range allows it to
have an increased sensitivity in the light irradiation step. On
the other hand, the content is preferably 25 parts by mass or
less, more preferably 20 parts by mass or less, still more
preferably 17 parts by mass or less, and particularly pref-
erably 15 parts by mass or less. A content in the above range
allows it to have an increased resolution after the develop-
ment step.

[0205] When a photo initiator is to be added as the
component (B), examples of preferable photo initiators
include benzylketal based photo initiators, a-hydroxyketone
based photo initiators, a-aminoketone based photo initia-
tors, acylphosphine oxide based photo initiators, oxime ester
based photo initiators, acridine based photo initiators, ben-
zophenone based photo initiators, acetophenone based photo
initiators, aromatic keto ester based photo initiators, benzoic
ester based photo initiators, and titanocene based photo
initiators. For all these photo initiators, generally known
substances may be adopted, and two or more thereof may be
used together. Of these, from the viewpoint of ensuring
improved sensitivity in the light irradiation step, more
preferable ones include a-hydroxyketone based photo ini-
tiators, a-aminoketone based photo initiators, acylphos-
phine oxide based photo initiators, oxime ester based photo
initiators, acridine based photo initiators, and benzophenone
based photo initiators, of which a.-aminoketone based photo
initiators, acylphosphine oxide based photo initiators, and
oxime ester based photo initiators are still more preferable.
[0206] In the case where a photo initiator is to be added as
the component (B), it is preferable for the component (B) in
the resin composition to account for 0.1 part by mass or
more, more preferably 0.5 part by mass or more, still more
preferably 0.7 part by mass or more, and particularly pref-
erably 1 part by mass or more, relative to 100 parts by mass
of the resin (A). A content in the above range allows it to
have an increased sensitivity in the light irradiation step. On
the other hand, the content is preferably 25 parts by mass or
less, more preferably 20 parts by mass or less, still more
preferably 17 parts by mass or less, and particularly pref-
erably 15 parts by mass or less. A content in the above range
allows it to have an increased resolution after the develop-
ment step.

[0207] For the present invention, it is preferable for the
resin composition containing the resin (A) to further include
a thermal crosslinking agent (C) (hereinafter occasionally
referred as the component (C)).

[0208] A thermal crosslinking agent is a resin or a com-
pound that contains at least two thermally reactive func-
tional groups in one molecule. Examples of the thermally
reactive functional groups include alkoxymethyl groups,
methylol groups, and cyclic ether groups.

[0209] For the present invention, the inclusion of the
component (C) is preferable because it serves to realize
increased chemical resistance.

[0210] For the present invention, a cured film formed by
curing a resin composition containing the resin (A), com-
ponent (B), component (C), etc., has a transmittance for 5
um thickness of 80% or more and 100% or less for light with
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a wavelength of 450 nm. This serves to prevent the light
beams emitted in all directions from the light emitting
elements from being absorbed in the cured film, which is
formed by curing a resin composition containing the resin
(A), component (B), components (C), etc., to ensure
increased light extraction efficiency and realize increased
brightness.

[0211] To realize such characteristics, it is preferable for
the component (C) to be as follows: the component (C) itself
is high in transmittance for light of 450 nm; it is so high in
heat resistance that a quinone structure, which is a coloring
structure, or the like will not be formed significantly; reac-
tion products resulting from reactions with the component
(B), resin (A), etc., are high in light transmittance; and
decomposition products themselves of the component (C)
and reaction products originating from decomposition prod-
ucts thereof are high in light transmittance.

[0212] One or more compounds selected from alkoxym-
ethyl compounds and methylol compounds (hereinafter
occasionally referred to as the components (C-1)) may be
used as the thermal crosslinking agent. The inclusion of the
components (C-1) serves to further strengthen the crosslinks
and allows the cured film to have increased chemical resis-
tance to flux liquids and the like. Specific examples of the
components (C-1) include, but not limited to, methylol
compounds having structures as given below and alkoxym-
ethyl compounds with a hydrogen atom in the methylol
group substituted by a methyl group or an alkyl group
having 2 to 10 carbon atoms.

[Chemical compound 8]
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-continued -continued
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[Chemical compound 9]
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-continued
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[0213] As the component (C), one or more cyclic ether
group-containing compounds (hereinafter occasionally
referred to as the component (C-2)) may be contained. The
inclusion of the component (C-2) serves to allow the reac-
tion to proceed at a low temperature of 160° C. or less,
further strengthen the crosslinks, and increase the chemical
resistance of the cured film.

[0214] Specific examples of the component (C-2) include
Denacol (registered trademark) EX-2121, Denacol
EX-214L, Denacol EX-216L, Denacol EX-850L, Denacol
EX-321L (all manufactured by Nagase ChemteX Corpora-
tion), GAN, GOT (both manufactured by Nippon Kayaku
Co., Ltd.), Epikote (registered trademark) 828, Epikote
1002, Epikote 1750, Epikote 1007, YX4000, YX4000H,
YX8100-BH30, E1256, E4250, E4275 (all manufactured by
Mitsubishi Chemical Corporation), Epicron (registered
trademark) 850-S, Epicron HP-4032, Epicron HP-7200,
Epicron HP-820, Epicron HP-4700, Epicron HP-4770, Epi-
cron HP4032 (all manufactured by DIC Corporation),
TECHMORE VG3101L (manufactured by Printec, Inc.),
Tepic (registered trademark) S, Tepic G, Tepic P (all manu-
factured by Nissan Chemical Industries, Ltd.), Epotohto
YH-434L, (manufactured by Tohto Kasei Co., Ltd.),
EPPNS502H, NC-3000, NC-6000, XD-1000 (manufactured
by Nippon Kayaku Co., Ltd.), Epicron N695, HP7200 (both
manufactured by DIC Corporation), Etemacoll (registered
trademark) EHO, Etemacoll OXBP, Etemacoll OXTP,

[Chemical compound 11]

o CH;
o
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Etemacoll OXMA (all manufactured by Ube Industries,
Ltd.), and oxetanized phenol novolac.

[0215] Ofthese, substances having a triaryl methane struc-
ture or a biphenyl structure are preferable. Specific examples
include YX4000, YX4000H (both manufactured by Mitsubi-
shi Chemical Corporation), TECHMORE VG3101L (manu-
factured by Printec, Inc.), and NC-3000.

[0216] In addition, one or more compounds each having a
structural unit as represented by the general formula (5)
given below (hereinafter occasionally referred to as the
component (C-3)) may be contained as the component (C).

[Chemical compound 10]

®)
RS
o RZS h Q Q
RY

[0217] In the general formula (5), R** denotes a divalent
organic group having an alkylene group or an alkylene ether
group having 1 or more and 15 or less carbon atoms, and
examples of such a group include methylene group, ethylene
group, propylene group, butylene group, ethylene oxide
group, propylene oxide group, and butylene oxide group,
which may be linear, branched, or cyclic. Furthermore, some
of the substituent groups in the divalent organic group
having an alkylene group or an alkylene ether group con-
taining 1 or more and 15 or less carbon atoms may have one
or a combination of the following: cyclic ether groups,
alkylsilyl groups, alkoxysilyl groups, aryl groups, aryl ether
groups, carboxy carboxyl groups, carbonyl groups, allyl
groups, vinyl groups, heterocyclic groups, and other sub-
stituent groups. R and R*’ each independently denote a
hydrogen atom or a methyl group.

[0218] Since the component (C-3) itself has a flexible
alkylene group and a rigid aromatic group, the inclusion of
the component (C-3) serves to produce a cured film that is
higher in elongation percentage and lower in stress while
maintaining heat resistance.

[0219] There are no specific limitations on the crosslink
group contained in the component (C-3), but examples
include acrylic group, methylol group, alkoxymethyl group,
and cyclic ether group. Of these, cyclic ether groups are
preferable because they can react with hydroxyl groups in
the resin (A) to provide a cured film with improved heat
resistance and also because they can react without under-
going dehydration.

[0220] Specific examples of compounds that contain
structural units as represented by the general formula (5)
include, but not limited to, those having structures as
described below.

CHj; fo)
CH; )2
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[0221] Inthe formulae, o' denotes an integer of 1 to 20 and
o” denotes an integer of 1 to 5. In order to ensure both
improved heat resistance and elongation percent, it is pref-
erable that o' be an integer of 3 to 7 and 0* be an integer of
1or2.

[0222] Two or more of the above structures may be
included in combination as the component (C).

[0223] The component (C) preferably accounts for 5 parts
by mass or more, more preferably 10 parts by mass or more,
relative to 100 parts by mass of the resin (A) from the
viewpoint of producing a cured film having high chemical
resistance to flux liquids and the like. It preferably accounts
for 100 parts by mass or less, more preferably 90 parts by
mass or less, and still more preferably 80 parts by mass or
less, relative to 100 parts by mass of the resin (A) because
a cured film having high chemical resistance to flux liquids
and the like can be produced while allowing the resin
composition to maintain a high storage stability and also
because it serves to prevent the separation of metal wires and
cracks in the cured film after reliability test of the wires to
which the cured film is applied.

[0224] The resin composition containing the resin (A) may
also include other components such as a radical polymeriz-
able compound, antioxidant, solvent, compound having a
phenolic hydroxyl group, adhesion promoter, adhesion pro-
moter, and surfactant, as required.

[0225] Next, described below are production methods for
the resin composition according to the present invention. For
example, a resin composition can be prepared by mixing and
dissolving the resin (A) along with the component (B),
component (C), and various others such as radical polym-
erizable compound, antioxidant, solvent, compound with a
phenolic hydroxyl group, adhesion promoter, adhesion pro-
moter, and surfactant as required.

[0226] For their dissolution, generally known methods
such as heating and stirring can be used.

[0227] The resin composition preferably has a viscosity of
2 to 5,000 mPa-s. A desired film thickness can be realized
easily by controlling the solid content so as to adjust the
viscosity to 2 mPa-s or more. On the other hand, a highly

CH;
CH; 2

uniform resin film can be obtained easily if the viscosity is
5,000 mPa-s or less. A resin composition having such a
viscosity can be prepared easily by, for example, adjusting
the solid content to 5 to 60 mass %. Here, the solid content
means the content of the components other than the solvents.
[0228] The resulting resin composition is preferably fil-
trated through a filter to remove dust and particles. The filter
to be used for filtration may be of such a material as
polypropylene (PP) polyethylene (PE), nylon (NY), and
polytetrafluoroethylene (PTFE), of which polyethylene and
nylon are preferable.

[0229] To form a cured film by curing a resin composition
containing the resin (A), a good method is to form a resin
sheet first from the resin composition containing the resin
(A) and then cure the resin sheet to produce a film.

[0230] A resin sheet as referred to above means a sheet of
the resin composition formed on a base. Specifically, such a
resin sheet is prepared by spreading the resin composition
over a base and then dry it.

[0231] A film of polyethylene terephthalate (PET) or the
like may be used as the base on which the resin composition
is to be spread. In the case where a resin sheet is to be used
after attaching it to a substrate such as silicon wafer, it may
be necessary to remove the base by peeling. In such a case,
it is preferable to adopt a base having a surface coated with
a mold releasing agent such as silicone resin to allow the
resin sheet and the base to be separated easily.

[0232] Described next is the production method for a
display according to the present invention.

[0233] The production method for a display according to
the present invention is a process for producing a display
having at least metal wires, a cured film, and a plurality of
light emitting elements and it includes a step (D1) for
arranging the light emitting elements on a support substrate,
a step (D2) for forming a resin film from a resin composition
containing a resin (A) on the support substrate and the light
emitting elements, a step (D3) for irradiating and developing
the resin film to form a plurality of through-hole patterns in
the resin film, a step (D4) for curing the resin film to form
a cured film having a transmittance for 5 pm thickness of
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80% or more and 100% or less for light with a wavelength
of 450 nm, and a step (DS5) for forming the metal wires on
at least part of the surface of the cured film and in the hole
patterns in the cured film.

[0234] FIG. 11 gives a sectional view of a typical produc-
tion process for the display having a plurality of light
emitting elements according to the present invention.

[0235] Hereinafter, a resin film refers to a film prepared by
coating a substrate with a resin composition containing the
resin (A) or by laminating it with a resin sheet, followed by
drying it. In addition, a cured film refers to a film prepared
by curing such a resin film or a resin sheet.

[0236] FIG. 11a illustrates the step (D1) in which light
emitting elements 2 each having a pair of electrode terminals
6 are arranged on a support substrate 20. Useful examples of
the support substrate include, but not limited to, glass
substrate, silicon substrate, various ceramic substrates, gal-
lium arsenide substrate, organic circuit board, inorganic
circuit board, and boards provided with circuit components
disposed thereon. Such a glass substrate and silicon sub-
strate may have materials temporarily attached thereon. It
may also be good to use a TFT array substrate. The support
substrate may be removed in an appropriate step in the
process, and another substrate may be added as opposite
substrate after its removal.

[0237] Then, in the step (D2), as illustrated in FIG. 115, a
resin composition containing the resin (A) or a resin sheet
prepared from a resin composition containing the resin (A)
is laid by coating or laminating on the support substrate 20
and on the light emitting elements 2 to produce a resin film
21.

[0238] Here, the expression “on the support substrate 20
and on the light emitting elements” means that the compo-
sition or sheet is only required to be present at least either on
the surface of the support substrate and on the surfaces of the
light emitting elements or above the support substrate and
above the light emitting elements, and the resin film may be
formed by coating or laminating a cured film, metal wires,
reflecting film, partition walls, etc., with a resin composition
containing the resin (A) or a resin sheet prepared from a
resin composition containing the resin (A).

[0239] Available coating methods include the spin coating
method, slit coating method, dip coating method, spray
coating method, and printing method. The required coating
thickness depends on the coating method used, solid content
in the composition, its viscosity, and the like, but commonly,
coating is performed in such a manner that the film thickness
will be 0.1 to 150 um after drying.

[0240] Before the coating step, the support substrate to be
coated with a resin composition containing the resin (A)
may be pre-treated with a adhesion promoter as described
above. For example, a adhesion promoter is dissolved in a
solvent such as isopropanol, ethanol, methanol, water, tet-
rahydrofuran, propylene glycol monomethyl ether acetate,
propylene glycol monomethyl ether, ethyl lactate, and
diethyl adipate to prepare a 0.5 to 20 mass % solution, which
is then used to treat the surface of a substrate by an
appropriate technique such as spin coating, slit die coating,
bar coating, dip coating, spray coating, and steam treatment.
After treating the substrate surface, reduced pressure drying
may be performed as required. In addition, heat treatment at
50° C. to 280° C. may be performed to accelerate the
reaction between the substrate and the adhesion promoter.
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[0241] Then, the coating film of a resin composition
containing the resin (A) is dried to form a resin film 21.
Drying is preferably performed in the temperature range of
50° C. to 140° C. for one minute to several hours, using an
oven, a hot plate, infrared rays, and the like.

[0242] On the other hand, in the case of using the afore-
mentioned resin sheet, the protective film, if any, is removed
from the resin sheet, and the resin sheet and the support
substrate are held so that they are opposed to each other,
followed by combining them by thermocompression bond-
ing (such an operation of holding a resin sheet and a support
substrate so that they are opposed to each other and com-
bining them by thermocompression bonding will be occa-
sionally expressed as laminating a support substrate with a
resin sheet). Then, the resin sheet on the laminated support
substrate is dried as in the case of the aforementioned resin
film preparation to form a resin film 21. Such a resin sheet
can be produced by spreading the resin composition con-
taining the resin (A) on a support film of a strippable
substrate material such as polyethylene terephthalate, fol-
lowed by drying.

[0243] Thermocompression bonding can be carried out by
hot pressing treatment, thermal lamination treatment, ther-
mal vacuum lamination treatment, or the like. The combin-
ing temperature is preferably 40° C. or more from the
viewpoint of the adhesion to the substrate and embedding
property. When the resin sheet is photosensitive, further-
more, the combining temperature is preferably 140° C. or
less in order to prevent the resin sheet from being cured
during the combining step to cause a decrease in resolution
when forming a pattern in the light irradiation and devel-
opment steps.

[0244] Next, in the step (D3), as illustrated in FIG. 11c, the
resin film 21 is processed by photolithography to form
through-hole patterns 12 having shapes that correspond to
the metal wires 4.

[0245] High density arrangement of light emitting ele-
ments can be realized because fine processing techniques
can be applied to the resin composition containing the resin
(A) and to the resin sheet.

[0246] An actinic ray is applied to the surface of the
photosensitive resin film through a mask having a desired
pattern. Examples of the actinic ray that is used for light
irradiation include ultraviolet ray, visible light, electron
beam, and X-ray. For the present invention, it is preferable
to use the g-line (436 nm), h-line (405 nm), or i-line (365
nm). Beams of these wavelengths are generally used for
light irradiation. In the case of a resin film that is not
photosensitive, a photoresist is formed after preparing a
resin film, and then an actinic ray such as described above
is applied.

[0247] The irradiated photosensitive resin film 21 is then
developed. Preferable developers include aqueous solutions
of alkaline compounds such as tetramethyl ammonium,
diethanol amine, diethylaminoethanol, sodium hydroxide,
potassium hydroxide, sodium carbonate, potassium carbon-
ate, triethylamine, diethylamine, methylamine, dimethylam-
ine, dimethylaminoethyl acetate, dimethylaminoethanol,
dimethylaminoethyl methacrylate, cyclohexyl amine, ethyl-
ene diamine, and hexamethylene diamine. In some cases,
these aqueous alkali solutions may also contain polar sol-
vents such as N-methyl-2-pyrolidone, N,N-dimethyl forma-
mide, N,N-dimethy]l acetamide, dimethyl sulfoxide, y-buty-
rolactone, and dimethyl acrylamide; alcohols such as
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methanol, ethanol and isopropanol; esters such as ethyl
lactate and propylene glycol monomethyl ether acetate; and
ketones such as cyclopentanone, cyclohexanone, isobutyl
ketone, and methyl isobutyl ketone; which may be added
singly or as a combination of two or more thereof. Com-
monly, rinsing with water is performed after the develop-
ment step. Here again, rinsing may be performed with a
solution prepared by adding to water an alcohol such as
ethanol and isopropyl alcohol or an ester such as ethyl
lactate and propylene glycol monomethyl ether acetate.
[0248] Next, in the step (D4), as illustrated in FIG. 11c¢, the
resin film 21 is cured to form a cured film 3 having a
transmittance for 5 um thickness of 80% or more and 100%
or less for light with a wavelength of 450 nm.

[0249] The resin film 21 is heated to undergo a cyclization
reaction or a thermal crosslinking reaction, thereby forming
the cured film 3. The cured film 3 has an increased heat
resistance and chemical resistance as a result of crosslinking
of molecules of the component (A) with other molecules of
the component (A) or with molecules of the component (B)
or those of the component (C). This heat treatment may be
carried out by raising the temperature stepwise or by raising
it continuously. It is preferable for the heat treatment to be
performed for 5 minutes to 5 hours. For example, heat
treatment is performed first at 110° C. for 30 minutes and
additional heat treatment is performed at 230° C. for 60
minutes. Preferable heat treatment conditions include a
temperature range of 140° C. or more and 400° C. or less.
The heat treatment temperature is preferably 140° C. or
more, more preferably 160° C. or more, in order to accel-
erate the thermal crosslinking reaction. On the other hand,
the heat treatment temperature is preferably 300° C. or less,
more preferably 250° C. or less, in order to form a good
cured film and produce a display with improved reliability.
[0250] Furthermore, it is preferable for the heat treatment
to be performed in an atmosphere with a low oxygen
concentration in order to form a cured film with a high light
transmittance. The oxygen concentration is preferably 1,000
ppm or less, more preferably 300 ppm or less, and still more
preferably 50 ppm or less.

[0251] The cured film thus formed preferably has a hole
pattern, and the hole pattern preferably has a cross section
with an inclined side with an angle of 40° or more and 85°
or less. If the cross section of the opening portion has an
angle of 40° or more, it allows a plurality of light emitting
elements to be arranged efficiently to ensure a high defini-
tion. It is more preferable for the opening portion to have a
cross section with an angle of 50° C. or more. On the other
hand, if the angle of the cross section of the opening portion
is 85° or less, it serves to suppress the occurring of wiring
defects such as short circuits in wires. The angle of the cross
section of the opening portion is more preferably 80° or less.
[0252] FIG. 23 gives a frontal sectional view of a hole
pattern in a cured film. In FIG. 23, the hole pattern formed
in the cured film 3 has an inclined side 29 with an angle 30.
Here, the inclined side is defined as the straight line con-
necting between the hole pattern at the position 32 that is
located at V2 of the thickness of the cured film 3 and the hole
pattern at the bottom.

[0253] Following this, in order to improve the adhesion
between the cured film 3 and the metal wires 4 in FIG. 11c,
barrier metal such as titanium is sputtered on the cured film
3 and in addition, a copper seed (seed layer) is formed on top
of it by sputtering.
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[0254] Next, in the step (D5), as illustrated in FIG. 114, a
photoresist layer (not shown in the figures) is formed, and
then metal wires 4 of copper or the like for electric connec-
tion to the pair of electrode terminals 6 on each light
emitting element 2 are formed by plating or the like in the
hole pattern 12 in the cured film 3 and on part of the surface
of the cured film 3. Subsequently, unnecessary components
such as photoresist, seed layer, and barrier metal are
removed.

[0255] As a result of this, the cured film can act to
maintain electric insulation of the metal wires, and the
existence of the metal wires extending in the cured film
serves to provide electric connection between the pair of
electrode terminals on the light emitting element and the
drive element, thereby serving for control of the light
emission mechanism. In addition, the cured film is so high
in light transmittance that the absorption of light emitted
from the light emitting elements can be suppressed to
achieve higher light extraction performance.

[0256] The production method for a display according to
the present invention preferably has a process in which the
step (D2), step (D3), step (D4), and step (D5) are carried out
a plurality of times repeatedly to form a plurality of cured
film layers in which each cured film layer contains metal
wires.

[0257] As illustrated in FIG. 1le to 11f, a cured film 3
having two or more layers can be produced by repeatedly
carrying out the same procedure as for forming a cured film
3 and metal wires 4.

[0258] As a result of this, the existence of a plurality of
cured film layers in which each cured film layer contains
metal wires serves to arrange a plurality of light emitting
elements, and also serves to lower the height of the package
and shorten the wire length, thereby realizing the prevention
of wiring defects such as short circuits in wires, reduction of
loss, and improvement in high speed response.

[0259] Subsequently, as illustrated in FIG. 11g, barrier
metal 9 is formed by sputtering in the hole pattern 12 in the
cured film 3, followed by forming solder bumps 10. Here,
the barrier metal 9 may or may not be formed. Each solder
bump 10 is electrically connected to, for example, a light
emitting element driving substrate 7 that has a drive element
such as driver IC.

[0260] It may be good to adopt a plurality of drive
elements 8 with different functions, each for one light
emitting element 2 or for one unit of red, blue, and green
light emitting elements 2. For example, a plurality of drive
elements may be laid in the neighborhood of light emitting
elements in carrying out the steps in FIG. 11. In that case, the
drive elements are electrically connected to the light emit-
ting elements 2 by the metal wires 4 extending in the cured
film 3.

[0261] Subsequently, as illustrated in FIG. 114, they are
electrically connected through the solder bump 10 to the
light emitting element driving substrate 7 that has a drive
element 8 such as driver IC. Then, the support substrate 20
is removed and an opposite substrate 5 is attached using an
adhesive or the like, thus producing a display 1 that has a
plurality of light emitting elements 2. Here, the metal wires
4 may include the electrodes therein.

[0262] As a result of this, the cured film can act to
maintain electric insulation of the metal wires, and the
existence of the metal wires extending in the cured film
serves to provide electric connection between the pair of
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electrode terminals on the light emitting element and the
drive element, thereby serving for control of the light
emission mechanism. In addition, the cured film is so high
in light transmittance that the absorption of light emitted
from the light emitting elements can be suppressed to
achieve higher light extraction performance.

[0263] Each metal wire 4 may be in the form of an
electrically conductive film 27. FIG. 30 shows steps in
which electrically conductive films 27 are adopted instead of
the metal wires 4.

[0264] In the production method for a display, a step (D6)
for irradiating the entire region of the resin film may be
provided after the step (D3) and before the step (D4).
[0265] Light irradiation performed after development
serves to suppress coloring during heat treatment, thereby
allowing a higher transmittance for light with a wavelength
of 450 nm to be realized after the heat treatment. In
particular, if a photo acid generator is used as the component
(B), it will work particularly preferably.

[0266] In the production method for a display according to
the present invention, it is preferable that a step (D7) for
forming partition walls with a thickness equal to or larger
than the thickness of the light emitting elements be provided
before the step (D1).

[0267] An example of the step (D7) is given in FIG. 12.
FIG. 124 shows a step (D7) in which partition walls 16 with
a thickness equal to or larger than the thickness of the light
emitting elements 2 are formed on a support substrate, and
the next diagram in FIG. 125 shows a step (D1) in which a
plurality of light emitting elements 2 are formed between the
partition walls with a thickness equal to or larger than the
thickness of the light emitting elements 2. FIG. 12¢ shows
a step that is similar to the step (D2) in FIG. 116 and is
intended to form a resin film 21 after forming the partition
walls 16. The subsequent steps are carried out as shown in
FIG. 11. The partition walls may be made of the resin (A) or
generally known materials such as epoxy resin, (meth)
acrylic polymers, polyurethane, polyester, polyolefin, and
polysiloxane. In addition, a shading component, reflecting
component, etc. may also be provided.

[0268] For the production method for a display according
to the present invention, it is preferable that a step (D8) for
forming reflecting films on part of the cured film be provided
after the step (D4).

[0269] An example of the step (D8) is given in FIG. 13.
FIG. 13d shows a step (D8) in which reflecting films 15 are
formed on part of the cured film 3.

[0270] In and before the step in FIG. 134, the same steps
as those shown in FIG. 114 to FIG. 11c¢ for the step (D4) are
carried out, and the next step shown in FIG. 13e is the same
as the step (DS5) in FIG. 114 in which metal wires 4 are
formed. The subsequent steps are carried out, with the
reflecting films 15 maintained as formed, in the same order
as shown in FIG. 11. The reflecting films are formed using
such a material as aluminum, silver, copper, titanium, and an
alloy containing them by an appropriate technique such as
sputtering. Furthermore, in order to prevent them from
overlapping the metal wires that will be formed later, it is
preferable to protect the appropriate portions in advance
using a photoresist etc. or apply an appropriate mask when
forming them by sputtering.

[0271] For the production method for a display according
to the present invention, it is preferable that the aforemen-
tioned step (DS5) be followed by a step (D9) for forming a
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drive element and substrate in such a manner that the drive
element is connected to the light emitting elements by metal
wires and that at least part of the metal wires extends along
a side face of the substrate.

[0272] An example of the step (D9) is given in FIG. 11.
FIG. 11/ shows a step (D9) in which a drive element and
substrate are formed with the drive element being connected
to the light emitting elements by metal wires. As illustrated
in FIG. 114, the drive element is connected to the light
emitting elements 2 by metal wires 4 and 4¢, and part of the
metal wire 4c¢ extends along the side face of the light
emitting element driving substrate 7. Here, if there are
electrodes that penetrate the light emitting element driving
substrate 7, the connection to the drive element 8 may be
established through those penetrating electrodes.

[0273] This serves to decrease the height of the display
itself and enhance the high speed response, thereby realizing
the production of a smaller display with a smaller frame.
[0274] The metal wire 4c may be made of, for example,
gold, silver, copper, aluminum, nickel, titanium, tungsten,
aluminum, tin, chromium, or an alloy containing them. If the
substrate or light emitting element driving substrate 7 has
other existing wires, it may be good to use such wires.
[0275] For the production method for a display according
to the present invention, the metal wires may be in the form
of electrically conductive films (D10).

[0276] An example of the step (D10) is given in FIG. 24.
In FIG. 24h, the drive elements are connected to the light
emitting elements 2 by the metal wires 4 and the electrically
conductive film 27, and part of the electrically conductive
film 27 extends along the side face of the light emitting
element driving substrate 7.

[0277] This serves to decrease the height of the display
itself and enhance the high speed response, thereby realizing
the production of a smaller display with a smaller frame.
[0278] Preferable materials for the electrically conductive
film 27 include compounds containing, as primary compo-
nent, an oxide of at least one substance selected from
indium, gallium, zinc, tin, titanium, niobium, or the like, and
photosensitive electrically conductive pastes containing
organic substances and electrically conductive particles.
[0279] It is preferable for the production method for a
display according to the present invention to further include
a step (D11) for forming shading layers between the two or
more light emitting elements.

[0280] An example of the step (D11) is given in FIG. 25.
FIG. 25a shows a step (D11) for forming shading layers 28
between two or more light emitting elements 2. Here, the
shading layers 28 may be formed either before the formation
of the light emitting elements 2 or after the formation of the
light emitting elements 2.

[0281] The shading layers 28 may be constructed mainly
of a cured film formed by curing a resin composition
containing the resin (A) and a coloring material (E) or may
be of a material other than a resin composition containing
the resin (A), and good materials include generally known
ones such as epoxy resin, (meth)acrylic polymers, polyure-
thane, polyester, polyolefin, and polysiloxane. A black pig-
ment may be used as the coloring material (E), and good
materials include, for example, black organic pigments such
as carbon black, perylene black, and aniline black, and
inorganic pigments including graphite and fine particles of
metal such as, titanium, copper, iron, manganese, cobalt,
chromium, nickel, zinc, calcium, and silver, as well as metal
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oxides, composite oxides, metal sulfides, metal nitrides, and
metal oxynitrides thereof. Furthermore, a red pigment and a
blue pigment may be combined, along with a yellow pig-
ment and other pigments as required, to provide a black
mixture. Dyes may also be used. Two or more coloring
materials may be contained together.

[0282] Furthermore, the resin composition containing a
resin (A) and a coloring material (E) may be made photo-
sensitive, and a photosensitizing agent (B) as described later
may be used.

[0283] In regard to methods for forming such a shading
layer, a photolithography step may be adopted when it has
photosensitivity, whereas when it does not have photosen-
sitivity, a photoresist may be formed first on a shading layer
followed by carrying out a photolithography step or an
etching step, wherein a mask may be used for etching. A
patterned colored film can be produced by heat-treating
(postbaking) the pattern formed above. The heat treatment
may be performed in an air atmosphere, nitrogen atmo-
sphere, or vacuum. The heating temperature is preferably
100° C. to 300° C., and the heating time is preferably 0.25
to 5 hours. The heating temperature may be changed con-
tinuously or stepwise.

[0284] The production method for a display according to
the present invention is a process for producing a display
having at least metal wires, a cured film, and a plurality of
light emitting elements and it includes a step (E1) for
disposing a metal pad on a support substrate, a step (E2) for
forming a resin film from a resin composition containing a
resin (A) on the support substrate and the metal pad, a step
(E3) for irradiating and developing the resin film to form a
plurality of through-hole patterns in the resin film, a step
(E4) for curing the resin film to form the cured film having
a transmittance for 5 pm thickness of 80% or more and
100% or less for light with a wavelength 450 nm, a step (ES)
for forming the metal wires on at least part of the surface of
the cured film and in the hole patterns in the cured film, and
a step (E6) for arranging the light emitting elements on the
cured film while maintaining electric connection with the
metal wires.

[0285] FIG. 14 gives a cross-sectional view of another
embodiment of the production process for the display 1
according to the present invention. Some steps are the same
as those in FIG. 11. Specifically, FIGS. 145 to 14¢ overlap
FIGS. 115 to 11f; and therefore, are not described here.

[0286] FIG. 14aq illustrates the step (E1) that is designed to
form a metal pad 18 on a support substrate 20.

[0287] The metal pad is made of copper, aluminum, or the
like.
[0288] Then, in the step (E2), as illustrated in FIG. 145, a

resin composition or a resin sheet containing the resin (A) is
laid by coating or laminating on the support substrate 20 and
on the metal pad 18 to produce a resin film 21.

[0289] Here, the expression “on the support substrate 20
and on the metal pad” means that the composition or sheet
is only required to be present at least either on the surface of
the support substrate and on the surface of the metal pad or
above the support substrate and above the metal pad, and the
resin film may be formed by coating or laminating a cured
film, metal wires, reflecting film, partition walls, etc., with a
resin composition containing the resin (A) or a resin sheet
prepared from a resin composition containing the resin (A).
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[0290] Next, in the step (E3), as illustrated in FI1G. 14c, the
resin film 21 is processed by photolithography to form a
plurality of through-hole patterns 12 in the resin film 21.
[0291] Next, in the step (E4), as illustrated in FI1G. 14c, the
resin film 21 is cured to form a cured film 3 having a
transmittance for 5 um thickness of 80% or more and 100%
or less for light with a wavelength of 450 nm.

[0292] Following this, in order to improve the adhesion
between the cured film 3 and the metal wires 4 in FIG. 14c¢,
barrier metal such as titanium is sputtered on the cured film
3 and in addition, a copper seed (seed layer) is formed on top
of it by sputtering.

[0293] Next, in the step (ES), as illustrated in FIG. 144, a
photoresist layer (not shown in the figures) is formed, and
then metal wires 4 of copper or the like are formed by plating
or the like in the hole pattern 12 in the cured film 3 and on
part of the surface of the cured film 3. Subsequently,
unnecessary components such as photoresist, seed layer, and
barrier metal are removed.

[0294] The production method for a display according to
the present invention preferably has a process in which the
step (E2), step (E3), step (E4), and step (E5) are carried out
a plurality of times repeatedly to form a plurality of cured
film layers in which each cured film layer contains metal
wires.

[0295] As illustrated in FIGS. 144 to 14d, a cured film 3
having two or more layers as shown in FIG. 14e can be
produced by repeatedly carrying out the same procedure as
for forming a cured film 3 and metal wires 4.

[0296] Next, in the step (E6), as illustrated in FIG. 14f,
light emitting elements 2 are arranged on the cured film 3
while maintaining electric connection to the metal wires 4.
The electrode terminals 6 on each light emitting element 2
and the metal wires 4 may be connected either directly or via
a solder ball etc.

[0297] In addition, as illustrated in FIG. 14g, it is prefer-
able to adopt a step (E7) that is designed to form a cured film
22 on the cured film 3 and the light emitting elements 2. In
regard to the formation of a cured film 22, it is preferable to
form a cured film 22 by coating with a resin composition
containing the resin (A) or lamination with a resin sheet
prepared from a resin composition containing the resin (A)
to form a resin film, followed by curing it. Instead, it may be
made of a material other than a resin composition containing
the resin (A) and photosensitizing agent (B), and examples
of such a material include generally known ones such as
epoxy resin, silicone resin, and fluorine resin.

[0298] Suitable curing conditions depend on the type of
resin used, but for example, curing may be performed at 80°
C. to 230° C. for 15 minutes to 5 hours.

[0299] The formation of a cured film on the light emitting
elements is intended to protect the light emitting elements or
planarize the surface.

[0300] Subsequently, as illustrated in FIG. 14/, an oppo-
site substrate 5 is attached to the cured film 22 using an
adhesive etc. Then, the support substrate 20 is removed and
barrier metal 9 and bumps 10 are formed to establish
electrical connection via the solder bumps 10 to a light
emitting element driving substrate 7 that carries a drive
element 8 such as driver IC.

[0301] The drive element 8 is electrically connected to the
light emitting elements 2 by the metal wires 4 extending in
the cured film 3, thus producing a display 1 that has a
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plurality of light emitting elements 2. Here, the metal wires
4 may include the electrodes therein.

[0302] As a result of this, the cured film can act to
maintain electric insulation of the metal wires, and the
existence of the metal wires extending in the cured film
serves to provide electric connection between the pair of
electrode terminals on the light emitting element and the
drive element, thereby serving for control of the light
emission mechanism. In addition, the cured film is so high
in light transmittance that the absorption of light emitted
from the light emitting elements can be suppressed to
achieve higher light extraction performance.

[0303] Each metal wire may be in the form of an electri-
cally conductive film 27. FIG. 31 shows steps in which
electrically conductive films 27 are adopted instead of the
metal wires 4.

[0304] In the production method for a display according to
the present invention, it is preferable that a step (ES) for
irradiating the entire region of the resin layer be provided
after the step (E3) and before the step (E4).

[0305] Light irradiation of the resin layer performed after
development serves to suppress coloring during heat treat-
ment, thereby allowing a higher transmittance for light with
a wavelength of 450 nm to be realized after the heat
treatment. In particular, if a photo acid generator is used as
the component (B), it will work particularly preferably.
[0306] In the production method for a display according to
the present invention, it is preferable that a step (E9) for
forming partition walls with a thickness equal to or larger
than the thickness of the light emitting elements be provided
after the step (E5).

[0307] An example of the step (E9) is given in FIG. 15.
FIG. 15f'shows the step (E9) in which partition walls 16 are
formed after forming a plurality of cured film layers 3 as in
FIG. 14e. Subsequently, light emitting elements 2 are
formed between the partition walls 16 as shown in FIG. 15¢
and an opposite substrate 5 is formed on top of the partition
walls 16 and the light emitting elements 2 as shown in FIG.
154. Then, the support substrate 20 is removed, and barrier
metal 9 and bumps 10 are formed to establish electrical
connection via the solder bumps 10 to a light emitting
element driving substrate 7 that carries a drive element 8
such as driver IC.

[0308] For the production method for a display according
to the present invention, it is preferable that a step (E10) for
forming reflecting films on part of the cured film be provided
before the step (E6) and after the step (ES).

[0309] An example of the step (E10) is given in FIG. 16.
FIG. 16f shows the step (E10) in which reflecting films 15
are formed after forming a plurality of cured film layers 3 as
in FIG. 14e. The subsequent steps are carried out, with the
reflecting films 15 maintained as formed, in the same order
as shown in FIG. 14f; FIG. 14g, and FIG. 14A.

[0310] For the production method for a display according
to the present invention, it is preferable that the aforemen-
tioned step (E7) be followed by a step (E11) for forming a
drive element and substrate in such a manner that the drive
element is connected to the light emitting elements by metal
wires and that at least part of the metal wires extends along
a side face of the substrate.

[0311] An example of the step (E11) is given in FIG. 14.
FIG. 144 shows a step (E11) in which a drive element and
substrate are formed with the drive element being connected
to the light emitting elements by metal wires. As illustrated
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in FIG. 145, the drive element is connected to the light
emitting elements 2 by metal wires 4 and 4¢, and part of the
metal wire 4c¢ extends along the side face of the light
emitting element driving substrate 7. Here, if there are
electrodes that penetrate the light emitting element driving
substrate 7, the connection to the drive element 8 may be
established through those penetrating electrodes.

[0312] This serves to decrease the height of the display
itself and enhance the high speed response, thereby realizing
the production of a smaller display with a smaller frame.
[0313] The metal wire 4c may be made of, for example,
gold, silver, copper, aluminum, nickel, titanium, tungsten,
aluminum, tin, chromium, or an alloy containing them. If the
substrate or light emitting element driving substrate 7 has
other existing wires, it may be good to use such wires.
[0314] For the production method for a display, the metal
wires may be in the form of electrically conductive films
(E12).

[0315] An example of the step (E12) is given in FIG. 26.
In FIG. 26/, the drive elements are connected to the light
emitting elements 2 by the metal wires 4 and the electrically
conductive layer 27, and part of the electrically conductive
film 27 extends along the side face of the light emitting
element driving substrate 7.

[0316] This serves to decrease the height of the display
itself and enhance the high speed response, thereby realizing
the production of a smaller display with a smaller frame.
[0317] Preferable materials for the electrically conductive
film 27 include compounds containing, as primary compo-
nent, an oxide of at least one substance selected from
indium, gallium, zinc, tin, titanium, niobium, or the like, and
photosensitive electrically conductive pastes containing
organic substances and electrically conductive particles.
[0318] The production method for a display according to
the present invention is a process for producing a display
having at least wires, a cured film, and a plurality of light
emitting elements and it includes a step (F1) for forming a
resin film from a resin composition containing a resin (A) on
a support substrate or the like, a step (F2) for irradiating and
developing the resin film to form a plurality of through-hole
patterns in the resin film, a step (F3) for curing the resin film
to form the cured film having a transmittance for 5 pm
thickness of 80% or more and 100% or less for light with a
wavelength 450 nm, a step (F4) for forming the wires on at
least part of the surface of the cured film and in at least part
of the hole patterns in the cured film, and a step (F5) for
arranging the light emitting elements on the cured film while
maintaining electric connection with the wires.

[0319] FIG. 27 gives a cross-sectional view of another
embodiment of the production process for the display 1
according to the present invention.

[0320] In the step (F1), as illustrated in FIG. 274, a resin
film is formed from a resin composition containing the resin
(A) on a substrate etc. Such a resin film may be produced by
coating or laminating the substrate with a resin composition
containing the resin (A) or a resin sheet prepared from a
resin composition containing the resin (A).

[0321] A light emitting element driving substrate 7 can be
used as the substrate. As an example, FIG. 27a shows a TFT
array substrate that includes TFTs 23, insulation films 24,
and metal wires 4 arranged on a glass substrate.

[0322] For the metal wires 4, good materials include gold,
silver, copper, aluminum, nickel, titanium, molybdenum,
and alloys containing them. There are no specific limitations
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on the insulation film 24, but examples thereof include
silicon oxide film, silicon nitride film, and insulation films
made of organic substances.

[0323] Next, in the step (F2), as illustrated in FIG. 274, the
resin film is processed by photolithography to form a
plurality of through-hole patterns in the resin film.

[0324] Next, in the step (F3), as illustrated in FIG. 274, the
resin film is cured to form a cured film 3 having a trans-
mittance for 5 um thickness of 80% or more and 100% or
less for light with a wavelength of 450 nm.

[0325] Next, in the step (F4), as illustrated in FIG. 275, the
wires are formed on at least part of the surface of the cured
film and in at least part of the hole patterns in the cured film.
A photoresist layer (not shown in the figures) is formed, and
then wires 25 are formed by sputtering or the like on part of
the surface of the cured film 3. Subsequently, the photoresist,
which is unnecessary, is removed.

[0326] Useful materials for the wires include metals, com-
pounds containing, as primary component, an oxide of at
least one substance selected from indium, gallium, zinc, tin,
titanium, niobium, or the like, and photosensitive electri-
cally conductive pastes containing organic substances and
electrically conductive particles. Other generally known
materials may also be used.

[0327] The production method for a display according to
the present invention preferably has a process in which the
step (F1), step (F2), step (F3), and step (F4) are carried out
a plurality of times repeatedly to form a plurality of cured
film layers in which each cured film layer has wires.

[0328] A cured film 3 having two or more layers can be
produced by repeatedly carrying out the same procedure as
for forming a cured film 3 as shown in FIG. 27c.

[0329] Next, in the step (F5), as illustrated in FIG. 274,
light emitting elements 2 are arranged on the cured film 3
while maintaining electric connection to the wires 25. The
electrode terminals 6 on each light emitting element 2 and
the wires 25 may be connected either directly or via a solder
ball etc.

[0330] Partition walls 16 may be formed either before or
after the formation of the light emitting elements 2.

[0331] Subsequently, as illustrated in FIG. 27e, an oppo-
site substrate 5 is attached using an adhesive etc. Then, an
electrically conductive film 27 is formed so that the electri-
cally conductive film 27 allows the drive element 8 such as
driver IC to be electrically connected to the light emitting
elements 2 via the metal wires 4 or wires 25 that extend in
the cured film 3, thereby producing a display 1 having a
plurality of light emitting elements 2. Here, the wires 25
includes the electrodes as well.

[0332] As a result of this, the cured film can act to
maintain electric insulation of the wires, and the existence of
the wires extending in the cured film serves to provide
electric connection between the pair of electrode terminals
on the light emitting element and the drive element, thereby
serving for control of the light emission mechanism. In
addition, the cured film is so high in light transmittance that
the absorption of light emitted from the light emitting
elements can be suppressed to achieve higher light extrac-
tion performance.

[0333] The display according to the present invention can
be suitably used in various displays such as LED displays
and in various lamps etc. for automobiles.
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EXAMPLES

[0334] The present invention will be illustrated below in
greater detail with reference to examples etc., but the inven-
tion should not be construed as being limited thereto.
[0335] Here, the following methods were used in the
examples to make evaluations of the displays and the cured
films prepared from resin compositions and applied to
displays.

<Evaluation Method for Light Transmittance of Cured
Film>

[0336] A varnish prepared from a resin composition was
spread over a 5 cmx5 cm glass substrate by spin-coating in
such a manner that the film thickness would be 5.0 pm after
heat treatment and then it was prebaked at 120° C. for 3
minutes. Subsequently, it was heated up from 50° C. to 110°
C. at 3.5° C/min in a nitrogen flow with an oxygen
concentration of 100 ppm or less using a high temperature
clean oven (CLH-21CD-S, manufactured by Koyo Thermo
Systems Ltd.), followed by heat treatment at 110° C. for 30
minutes. Then, the temperature was raised at 3.5° C./min to
a sample heating temperature of 230° C., and heat treatment
was performed for 1 hour at the sample heating temperature
reached in the above heating step, followed by drying and
heat-treating the coated film to prepare a cured film. Here,
the thickness of the coated film were measured after the
prebaking and development steps using an optical interfer-
ence type film thickness measuring apparatus (Lambda Ace
STM-602, manufactured by Dainippon Screen Mfg. Co.,
Ltd.) assuming a refractive index of 1.629. A refractive
index of 1.629 was also assumed when measuring the
thickness of the cured film.

[0337] The cured film prepared in this way was examined
using a double beam spectrophotometer (U-2910, manufac-
tured by Hitachi High-Tech Science Corporation) to mea-
sure its transmittance at a wavelength of 450 nm. Here, if the
heat resistance resin film resulting from the heat treatment
step failed to have a film thickness of 5 um, the thickness
determined from the measured transmission spectrum was
converted to a value assuming a film thickness of 5 um
according to the Lambert law.

[0338] <Evaluation Method for Light Extraction Effi-
ciency of Display>

[0339] The display described in each example or com-
parative example was examined to measure its light extrac-
tion efficiency. The measurement was performed using an
external quantum efficiency measuring instrument (C9920,
manufactured by Hamamatsu Photonics K.K.). For evalua-
tion, a measured light extraction efficiency was converted to
a value relative to the light extraction efficiency measured in
Example 1, which was defined as 1.00.

[0340] <Evaluation of Hole Pattern Shape of Cured Film
Prepared from Resin Composition>

[0341] A varnish was prepared, and then, using a coater-
developer apparatus (ACT-8, manufactured by Tokyo Elec-
tron Ltd.), spin coating was performed to coat an 8 inch
silicon wafer in such a manner that the film thickness after
heat treatment would be 5 um, followed by prebaking it to
provide a prebaked film. Prebaking was performed at 120°
C. for 3 minutes. Then, the film was irradiated with light
with an exposure energy of 50 to 1,000 mJ/cm? using an
i-line stepper (NSR-2205114, manufactured by Nikon Cor-
poration). The circular pattern used for the light irradiation



US 2023/0335697 Al

had a size of 5 to 30 um. After the light irradiation step, the
film was developed with a 2.38 mass % aqueous solution of
tetramethyl ammonium (TMAH) (manufactured by Tama
Chemicals Co., Ltd.) under conditions that allowed the
unirradiated portion of the film to undergo a thickness
change of 1.0 to 1.5 pm between before and after the
development step, followed by rinsing it with pure water and
drying it by shaking off water to provide a patterned film.
For another sample, cyclopentanone was used for develop-
ment, followed by drying it by shaking off water to provide
a pattered film. In the case where a non-photosensitive
material was used, a photoresist was formed before the light
irradiation step, and then the film was irradiated and devel-
oped, followed by removing the photoresist after the devel-
opment step. Here, the thickness of the prebaked film and
that of the developed film were measured with an optical
interference type film thickness measuring apparatus
(Lambda Ace STM-602, manufactured by Dainippon Screen
Mtg. Co., Ltd.) assuming a refractive index of 1.629.
[0342] After the development step, it was heated up from
50° C. to 100° C. at 3.5° C./min in a nitrogen flow with an
oxygen concentration of 20 ppm or less using an inert oven
(CLH-21CD-S, manufactured by Koyo Thermo Systems
Ltd.), followed by heat treatment at 100° C. for 30 minutes.
Then, the temperature was raised to 230° C. at 3.5° C./min,
immediately followed by heat-treating the film for 1 hour
and curing the patterned film to provide a cured film.
[0343] The wafer was taken out when the temperature
lowered to below 50° C., and then the wafer was cut,
followed by observing and measuring the cross-sectional
shape of the resulting 5 to 30 pum circular pattern under a
scanning electron microscope (S-4800, manufactured by
Hitachi High-Tech Science Corporation). Here, the angle of
the inclined side was also measured. The inclined side is
defined as the straight line connecting between the hole
pattern at the position that is located at Y2 of the thickness
of the cured film and the hole pattern at the bottom.
[0344] On the basis of the measuring results, a sample was
rated as level A if the angle of its inclined side was 50° or
more and 80° or less, rated as level B if it was 40° or more
and less than 50° or more than 80° and 85° or less, and rated
as level C if it was less than 40° or 85° or more.

Synthesis Example 1 Synthesis of
Hydroxyl-Containing Diamine Compound

[0345] First, 18.3 g (0.05 mole) of 2,2-bis(3-amino-4-
hydroxyphenyl)hexafluoropropane (manufactured by Cen-
tral Glass Co. Ltd., hereinafter referred to as BAHF) was
dissolved in 100 mL of acetone and 17.4 g (0.3 mole) of
propylene oxide (manufactured by Tokyo Kasei), and the
liquid was cooled to —=15° C. To this liquid, a solution of 20.4
g (0.11 mole) of 3-nitrobenzoyl chloride (manufactured by
Tokyo Kasei) dissolved in 100 mL of acetone was added
dropwise. After the end of dropwise addition, the liquid was
stirred at —15° C. for 4 hours, followed by leaving it to return
to room temperature. The resulting white solid precipitate
was separated out by filtration and vacuum-dried at 50° C.
[0346] A 30 g portion of the resulting white solid was put
in a 300 mL stainless steel autoclave and dispersed in 250
ml of methyl cellosolve, followed by adding 2 g of 5%
palladium-carbon (manufactured by Wako Pure Chemical
Industries, [.td.). Hydrogen was introduced into this liquid
using a balloon to cause a reduction reaction at room
temperature. About 2 hours later, the reaction was termi-
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nated after confirming that the balloon would deflate no
more. After the end of the reaction, the liquid was filtrated
to remove the palladium compound used as catalyst and
concentrated in a rotary evaporator to provide a hydroxyl-
containing diamine compound as represented by the formula
given below.

[Chemical compound 12]

H FsC CF; H
N N
H,N NH,
(@] (@]
HO OH

Synthesis Example 2 Synthesis of Polybenzoxazole
Precursor (A-1)

[0347] In a dry nitrogen flow, 1.5 g (0.0075 mole) of
4.,4'-diaminodipheny] ether (hereinafter referred to as 4,4'-
DAE), 12.8 g (0.035 mole) of BAHF, and 5.0 g (0.0050
mole) of RT-1000 (manufactured by HUNTSMAN) were
dissolved in 100 g of NMP. To this liquid, diimidazole
dodecanoate (7.4 g, 0.023 mole) and 1,1'-(4,4'-oxybenzoyl)
diimidazole (hereinafter referred to as PBOM) (8.1 g, 0.023
mole) were added along with 25 g of NMP and allowed to
react at 85° C. for 3 hours. Then, 0.6 g (0.0025 mole) of
1,3-bis(3-aminopropyl)tetramethyl disiloxane (hereinafter
referred to as SiDA), 0.8 g (0.0025 mole) of 4.4'-oxydiph-
thalic anhydride (hereinafter referred to as ODPA), and 0.8
g (0.0050 mole) of S-norbornene-2,3-dicarboxylic anhy-
dride (hereinafter referred to as NA) were added along with
25 g of NMP and allowed to react at 85° C. for 1 hour. After
the end of the reaction, the liquid was allowed to cool to
room temperature and 13.2 g (0.25 mole) of acetic acid was
added along with 25 g of NMP and stirred at room tem-
perature for 1 hour. After the end of stirring, the solution was
poured in 1.5 L of water to provide a white precipitate. This
precipitate was collected by filtration, rinsed with water
three times, and dried in a forced-air drier at 50° C. for 3
days to produce powder of a polybenzoxazole precursor
(A-D).

Synthesis Example 3 Synthesis of Polybenzoxazole
Precursor (A-2)

[0348] In a dry nitrogen flow, 27.5 g, (0.075 mole) of
BAHF was dissolved in 257 g of NMP. To this liquid, 17.2
£ (0.048 mole) of PBOM was added along with 20 g of NMP
and allowed to react at 85° C. for 3 hours. Subsequently,
20.0 g (0.02 mole) of RT-1000, 1.2 g (0.005 mole) of SiDA,
and 14.3 g (0.04 mole) of PBOM were added along with 50
g of NMP and allowed to react at 85° C. for 1 hour. In
addition, 3.9 g (0.024 mole) of NA, which was adopted as
end-capping agent, was added along with 10 g of NMP and
allowed to react at 85° C. for 30 minutes. After the end of
the reaction, the liquid was allowed to cool to room tem-
perature and 52.8 g (0.50 mole) of acetic acid was added
along with 87 g of NMP, followed by stirring at room
temperature for 1 hour. After the end of stirring, the solution
was poured in 3 L. of water to provide a white precipitate.
This precipitate was collected by filtration, rinsed with water



US 2023/0335697 Al

three times, and dried in a forced-air drier at 50° C. for 3
days to produce powder of a polybenzoxazole precursor
(A-2).

Synthesis Example 4 Synthesis of Polyimide
Precursor (A-3)

[0349] In a dry nitrogen flow, 51.9 g (0.086 mole) of the
hydroxyl-containing diamine prepared in Synthesis example
1 and 1.0 g (0.004 mole) of SiDA were dissolved in 200 g
of NMP. To this liquid, 31.0 g (0.10 mole) of ODPA was
added and stirred at 40° C. for 2 hours. Then, 1.1 g (0.01
mole) of 3-aminophenol (manufactured by Tokyo Chemical
Industry Co. Ltd.), which was adopted as end-capping agent,
was added along with 10 g of NMP and allowed to react at
40° C. for 1 hour. Subsequently, a solution prepared by
diluting 7.1 g (0.06 mole) of dimethylformamide dimethy-
lacetal (manufactured by Mitsubishi Rayon, Ltd.) with 5 g of
NMP was added dropwise. After the end of dropping,
stirring was continued at 40° C. for 2 hours. After the end of
stirring, the solution was poured in 2 L of water, and the
resulting solid polymer precipitate was collected by filtra-
tion. In addition, it was rinsed three times with 2 L of water,
and the collected solid polymer was dried at 50° C. in a
vacuum dryer for 72 hours to prepare a polyimide precursor
(A-3).

Synthesis Example 5 Synthesis of Polyimide
Precursor (A-4)

[0350] In a dry nitrogen flow, 41.1 g (0.068 mole) of the
hydroxyl-containing diamine prepared in Synthesis example
1, 18.0 g (0.018 mole) of RT-1000, and 1.0 g (0.004 mole)
of SiDA were dissolved in 200 g of NMP. To this liquid, 31.0
g (0.10 mole) of ODPA was added and stirred at 40° C. for
2 hours. Then, 1.1 g (0.01 mole) of 3-aminophenol, which
was adopted as end-capping agent, was added along with 10
g of NMP and allowed to react at 40° C. for 1 hour.
Subsequently, a solution prepared by diluting 6.0 g (0.05
mole) of DFA with 5 g of NMP was added dropwise. After
the end of dropping, stirring was continued at 40° C. for 2
hours. After the end of stirring, the solution was poured in
2 L. of water, and the resulting solid polymer precipitate was
collected by filtration. In addition, it was rinsed three times
with 2 L of water, and the collected solid polymer was dried
at 50° C. in a vacuum dryer for 72 hours to prepare a
polyimide precursor (A-4).

Synthesis Example 6 Synthesis of Polyimide (A-5)

[0351] Inadry nitrogen flow, 29.3 g (0.08 mole) of BAHF,
1.2 g (0.005 mole) of SiDA, and 3.3 g (0.03 mole) of
3-aminophenol, which was adopted as end-capping agent,
were dissolved in 80 g of NMP. To this solution, 31.2 g (0.1
mole) of ODPA was added along with 20 g of NMP and
allowed to react at 60° C. for 1 hour, followed by stirring at
180° C. for 4 hours. After the end of stirring, the solution
was poured in 3 L of water to provide a white precipitate.
This precipitate was collected by filtration, rinsed with water
three times, and dried in a vacuum dryer at 80° C. for 20
hours to provide powder of polyimide (A-5).

Synthesis Example 7 Synthesis of Cardo Resin
(A-6)

[0352] In a dry nitrogen flow, 198.53 g of a 50% PGMEA
solution of the product of a reaction of bisphenol fluorene
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type epoxy resin with an equivalent quantity of acrylic acid
(a solution of ASF-400 (product name), manufactured by
Nippon Steel Chemical Co., Ltd.), 39.54 g (0.12 mole) of
benzophenone tetracarboxylic dianhydride, 8.13 g (0.08
mole) of succinic anhydride, 48.12 g of PGMEA, and 0.45
g of triphenyl phosphine were fed to a four-necked flask with
a reflux condenser, heated while stirring at 120° C. to 125°
C. for 1 hour, and additionally heated while stirring at 75°
C. to 80° C. for 6 hours, followed by adding 8.6 g of
glycidylmethacrylate and further stirring at 80° C. for 8
hours to provide a resin (A-6) that had two cyclic structures
bonded to a quaternary carbon atom in another cyclic
structure.

Synthesis Example 8 Synthesis of Polyimide
Precursor (A-7)

[0353] In a dry nitrogen flow, 3.2 g (0.03 mole) of 1,4-
paraphenylene diamine and 12.0 g (0.06 mole) of 4,4'-DAE
were dissolved in 200 g of NMP. To this liquid, 31.0 g (0.10
mole) of ODPA was added and stirred at 40° C. for 2 hours.
Then, 1.1 g (0.01 mole) of 3-aminophenol (manufactured by
Tokyo Chemical Industry Co. Ltd.), which was adopted as
end-capping agent, was added along with 10 g of NMP and
allowed to react at 40° C. for 1 hour. Subsequently, a
solution prepared by diluting 7.1 g (0.06 mole) of DFA with
5 g of NMP was added dropwise. After the end of dropping,
stirring was continued at 40° C. for 2 hours. After the end of
stirring, the solution was poured in 2 L. of water, and the
resulting solid polymer precipitate was collected by filtra-
tion. In addition, it was rinsed three times with 2 L of water,
and the collected solid polymer was dried at 50° C. in a
vacuum dryer for 72 hours to prepare a polyimide precursor
(A-D).

Synthesis Example 9 Synthesis of Polyimide
Precursor (A-8)

[0354] To a separable flask with a capacity of 2 liters,
155.1 g (0.50 mole) of ODPA was fed and 134.0 g (1.00
mole) of 2-hydroxyethyl methacrylate (HEMA) and 400 g of
y-butyrolactone were added. At room temperature, 79.1 g of
pyridine was added while stirring to provide a reaction
mixture. After the end of heat generation from the reaction,
the liquid was left to stand to cool to room temperature and
left to stand for additional 16 hours.

[0355] Then, while cooling with ice, a solution prepared
by dissolving 206.3 g (1.00 mole) of dicyclohexyl carbo-
diimide (DCC) in 180 g of y-butyrolactone was added to the
reaction mixture over 40 minutes while stirring. Then, a
suspension liquid prepared by suspending 16.2 g (0.15 mole)
of 1,4-paraphenylene diamine and 60.1 g (0.30 mole) of
4,4-DAE in 350 g of y-butyrolactone was added over 60
minutes while stirring. After additional stirring for 2 hours
at room temperature, 30 ml of ethyl alcohol was added and
stirred for 1 hour. Then, 400 g of y-butyrolactone was added.
The deposit formed in the reaction mixture was removed by
filtration to provide a reaction liquid.

[0356] The reaction liquid was poured in 3 L of water to
provide a white precipitate. This precipitate was collected by
filtration, rinsed twice with water, washed once with iso-
propanol, and dried in a vacuum dryer at 50° C. for 72 hours
to provide a polyimide precursor (A-8).
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Synthesis Example 10 Synthesis of Photosensitizing
Agent (Quinonediazide Compound) (B-1)

[0357] In a dry nitrogen flow, 21.2 g (0.05 mole) of
4,4'-[1-[4-[1-(4-hydroxyphenyl-1)-1-methylethyl|phenyl]
ethylidene] bisphenol (manufactured by Honshu Chemical
Industry Co. Ltd.), hereinafter referred to as TrisP-PA, and
26.8 g (0.10 mole) of 5-naphthoquinonediazide sulfonic acid
chloride (NAC-5, manufactured by Toyo Gosei Co., Ltd.)
were dissolved in 450 g of y-butyrolactone at room tem-
perature. To this liquid, a mixture of 12.7 g of triethylamine
with 50 g of y-butyrolactone was added dropwise while
maintaining the system below 35° C. After the end of
dropping, stirring was performed at 40° C. for 2 hours. The
resulting triethylamine salt was filtered and the filtrate was
poured in water. Subsequently, the resulting precipitate was
collected by filtration, and then washed with 1 L. of a 1%
hydrochloric acid solution. In addition, further rinsing with
2 L of water was performed twice. The resulting precipitate
was dried in a vacuum dryer to provide a quinonediazide
compound (B-1) as represented by the following formula.

[Chemical compound 13]
B-1
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Synthesis Example 11 Synthesis of Photosensitizing
Agent (Quinonediazide Compound) (B-2)

[0358] In a dry nitrogen flow, 21.2 g (0.05 mole) of
TrisP-PA and 26.8 g (0.10 mole) of 4-naphthoquinonediaz-
ide sulfonic acid chloride (NAC-5, manufactured by Toyo
Gosei Co., Ltd.) were dissolved in 450 g of y-butyrolactone
at room temperature. To this liquid, a mixture of 12.7 g of
triethylamine with 50 g of y-butyrolactone was added drop-
wise while maintaining the system below 35° C. After the
end of dropping, stirring was performed at 40° C. for 2
hours. The resulting triethylamine salt was filtered and the
filtrate was poured in water. Subsequently, the resulting
precipitate was collected by filtration, and then washed with
1 L of a 1% hydrochloric acid solution. In addition, further
rinsing with 2 L of water was performed twice. The resulting
precipitate was dried in a vacuum dryer to provide a qui-
nonediazide compound (B-2) as represented by the follow-
ing formula.
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[Chemical compound 14]
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Synthesis Example 12 Synthesis of Polyimide
Precursor (A-10)

[0359] To a separable flask with a capacity of 2 liters,
155.1 g (0.50 mole) of ODPA was fed and 134.0 g (1.00
mole) of 2-hydroxyethyl methacrylate (HEMA) and 400 g of
y-butyrolactone were added. At room temperature, 79.1 g of
pyridine was added while stirring to provide a reaction
mixture. After the end of heat generation from the reaction,
the liquid was left to stand to cool to room temperature and
left to stand for additional 16 hours.

[0360] Then, while cooling with ice, a solution prepared
by dissolving 206.3 g (1.00 mole) of dicyclohexyl carbo-
diimide (DCC) in 180 g of y-butyrolactone was added to the
reaction mixture over 40 minutes while stirring. Then, a
suspension liquid prepared by suspending 90.2 g (0.45 mole)
of 4,4-DAE in 350 g of y-butyrolactone was added over 60
minutes while stirring. After additional stirring for 2 hours
at room temperature, 30 ml of ethyl alcohol was added and
stirred for 1 hour. Then, 400 g of y-butyrolactone was added.
The deposit formed in the reaction mixture was removed by
filtration to provide a reaction liquid.

[0361] The reaction liquid was poured in 3 L of water to
provide a white precipitate. This precipitate was collected by
filtration, rinsed twice with water, washed once with iso-
propanol, and dried in a vacuum dryer at 50° C. for 72 hours
to provide a polyimide precursor (A-10).

Synthesis Example 13 Synthesis of Acrylic Resin
(A-11)

[0362] In a polymerization vessel, 33 g of methyl meth-
acrylate, 33 g of styrene, 34 g of methacrylic acid, 3 g of
2,2'-azobis(2-methylbutyronitrile), and 150 g of propylene
glycol monomethyl ether acetate (hereinafter referred to as
PGMEA) were fed, stirred at 90° C. for 2 hours, heated to
raise the liquid temperature to 100° C., and allowed to react
for additional 1 hour. To the resulting reaction solution, 33
g of glycidyl methacrylate, 1.2 g of dimethylbenzyl amine,
and 0.2 g of p-methoxyphenol were added and stirred at 90°
C. for 4 hours, and at the end of reaction, 50 g of PGMEA
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was added to provide a solution of an acrylic resin (A-11)
(solid content 40 mass %). The resulting acrylic resin (A-11)
had an acid number of 80.0 (mg/KOH/g) and a weight
average molecular weight (Mw) of 22,000.

Synthesis Example 14 Synthesis of Acrylic Resin
(A-12)

[0363] In a reaction vessel placed in a nitrogen atmo-
sphere, 150 g of dimethylaminomethanol (hereinafter
referred to as DMEA, manufactured by Tokyo Chemical
Industry Co., Ltd.) was fed and heated to 80° C. using an oil
bath. To this liquid, a mixture of 20 g of ethyl acrylate
(hereinafter referred to as EA), 40 g of 2-ethylhexyl meth-
acrylate (hereinafter referred to as 2-EHMA), 20 g of styrene
(hereinafter referred to as St), 15 g of acrylic acid (herein-
after referred to as AA), 0.8 g of 2,2'-azobisisobutyronitrile,
and 10 g of DMEA was added dropwise over 1 hour. After
the end of dropping, the polymerization reaction was con-
tinued in a nitrogen atmosphere at 80° C. for additional 6
hours. Then, 1 g of hydroquinone monomethyl ether was
added to stop the polymerization reaction. Following this, a
mixture of 5 g of glycidyl methacrylate (hereinafter referred
to as GMA), 1 g of triethylbenzyl ammonium chloride, and
10 g of DMEA was added dropwise over 0.5 hour. After the
end of dropping, the addition reaction was continued in a
nitrogen atmosphere at 80° C. for additional 2 hours. The
resulting reaction solution was purified with methanol to
remove unreacted impurities and vacuum-dried for 24 hours
to provide an acrylic resin (A-12) with a copolymerization
ratio (by mass) EA/2-EHMA/StUGMA/AA of 20/40/20/5/15.
The resulting resin (A-12) had an acid number of 103
mgKOH/g.

Synthesis Example 15 Synthesis of Acrylic Resin
(A-13)

[0364] A methyl methacrylate/methacrylic acid/styrene
copolymer (30/40/30 by weight) was synthesized by the
method described in Example 1 of Japanese Patent No.
3120476. After adding 40 parts by weight of glycidyl
methacrylate to 100 parts by weight of the resulting copo-
lymer, the addition product was reprecipitated with purified
water, filtered, and dried to provide an acrylic resin (A-13)
having a weight average molecular weight of 15,000 and an
acid number of 110 mgKOH/g.

Preparation Example 1 Preparation of
Photosensitive Electrically Conductive Paste 1

[0365] Ina 100 mL clean bottle, 10.0 g of resin (A-12) as
the resin component, 0.50 g of IRGACURE (registered
trademark) OXE-01 (manufactured by Ciba Japan K.K.) as
photo initiator, 5.0 g of DMEA as solvent, and 2.0 g of Light
Acrylate (registered trademark) BP-4EA (manufactured by
Kyoeisha Chemical Co., Ltd.) as the compound with an
unsaturated double bond were fed and they were mixed in a
rotation-revolution type vacuum mixer (Awatori Rentaro
(registered trademark) ARE-310, manufactured by Thinky
Corporation) to provide 17.5 g of a resin solution (solid
content 71.4 mass %).

[0366] Then, 17.50 g of the resulting resin solution, 44.02
g of silver particles with an average particle diameter of 1.0
um, and 0.28 g of carbon black with an average particle
diameter of 0.05 um were mixed and kneaded in a triple roll
mill (EXAKT M-50, manufactured by EXAKT) to provide
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61.8 g of a photosensitive electrically conductive paste 1.
Here, to determine the average particle diameters of the
silver particles and carbon black, their particles were
observed by electron microscopy (SEM) under the condi-
tions of a magnification of 10,000x and a visual field width
of 12 um. For the silver particles and carbon black, the
maximum sizes of randomly selected 40 primary particles
were measured and their number average was calculated.

Preparation Example 2 Preparation of Coloring
Agent Dispersion Liquid (DC-1)

[0367] Particles of a zirconia compound (Zr-1, manufac-
tured by Nisshin Engineering Inc.), which were produced by
the thermal plasma technique, were used as coloring agent.
In a tank, 200 g of Zr-1, 114 g of a 35 wt % solution of an
acrylic polymer (P-1) in propylene glycol monomethyl ether
acetate (PGMEA), 25 g of DISPERBYK (registered trade-
mark) LPN-21116, which has a tertiary amino group and a
quaternary ammonium salt and which was adopted as poly-
mer dispersant, and 661 g of PGMEA were fed and stirred
by a homo mixer for 20 minutes to provide a preliminary
dispersion liquid. The resulting preliminary dispersion lig-
uid was fed to a disperser equipped with a centrifugal
separator (Ultra Apex Mill, manufactured by Kotobuki
Industry Co., Ltd.) that was 75 vol % filled with zirconia
beads with a diameter of 0.05 mm, and dispersion was
carried out at a rotation speed of 8 m/s for 3 hours to provide
a coloring agent dispersion liquid (DC-1) having a solid
content of 25 wt % and a coloring agent/resin ratio (by
weight) of 80/20.

Preparation Example 3 Preparation of
Photosensitive Coloring Resin Composition 1

[0368] To 283.1 g of the coloring agent dispersion liquid
(DC-1), 184.4 g of a 35 wt % solution of the resin (A-13) in
PGMEA, 50.1 g of dipentaerythritol hexaacrylate (manu-
factured by Nippon Kayaku Co., Ltd.), which was adopted
as polyfunctional monomer, 7.5 g of Irgacure (registered
trademark) 907 (manufactured by BASF), 3.8 g of KAYA-
CURE (registered trademark) DETX-S (manufactured by
Nippon Kayaku Co., Ltd.), both as photo initiator, 12.0 g of
KBM5103 (manufactured by Shin-Etsu Chemical Co., Ltd.)
as adhesion promotor, and a solution prepared by dissolving
3 g of a 10 wt % PGMEA solution of a silicone based
surfactant (BYK (registered trademark) 333, manufactured
by BYK-Chemie) in 456.1 gof PGMEA, which was adopted
as surfactant, were added to provide a photosensitive col-
oring resin composition 1 having a total solid content of 20
wt % and a coloring agent/resin ratio (by weight) of 30/70.

Preparation Example 4 Preparation of Coloring
Agent Dispersion Liquid (DC-2)

[0369] According to the method described in Published
Japanese Translation of PCT International Publication IP
2008-517330, the carbon black (CB-Bkl), which had a
surface modified with the sulfo group, had a surface element
constitution of [C: 88%, O: 7%, Na: 3%, S: 2%] and the state
of the S element was such that those S2p peak components
attributed to C—S and S—S accounted for 90% while those
attributed to 50 and SOx accounted for 10%. The BET value
was 54 m*/g.
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[0370] In a tank, this carbon black CB-Bk1 (200 g), a 40
mass % solution of the acrylic resin (A-13) in propylene
glycol monomethyl ether acetate (94 g), a 40 mass %
solution of LPN21116 (manufactured by BYK-Chemie
Japan) (31 g), which was adopted as polymer dispersant, and

[Chemical compound 15]

H;COH,C

propylene glycol monomethyl ether acetate (675 g) were fed
and stirred for 1 hour using a homo mixer (manufactured by
Tokushu Kika Kogyo Co., Ltd.) to provide a preliminary
dispersion liquid. After that, the preliminary dispersion
liquid was fed to a disperser equipped with a centrifugal
separator (Ultra Apex Mill, manufactured by Kotobuki
Industry Co., Ltd.) that was 70% filled with zirconia beads
(YTZ Ball, manufactured by Nikkato Corporation) with a
diameter of 0.05 mm, and dispersion was carried out at a
rotation speed of 8 m/s for 2 hours to provide a coloring
agent dispersion liquid (DC-2) having a solid content of 25
mass % and a coloring agent/resin ratio (by mass) of 80/20.

Preparation Example 5 Preparation of
Photosensitive Coloring Resin Composition 2

[0371] To 534.8 g of the coloring agent dispersion liquid
(DC-2), 122.1 g of a 40 mass % solution of the resin (A-13)
in PGMEA, 47.3 g of dipentaerythritol hexaacrylate (manu-
factured by Nippon Kayaku Co., Ltd.), which was adopted
as polyfunctional monomer, 11.8 g of ADEKA KLUSE
NCI-831 (manufactured by Adeka Corporation) as photo
initiator, 12.0 g of KBM5103 (manufactured by Shin-Etsu
Chemical Co., Ltd.) as adhesion promoter, and a solution
prepared by dissolving 4 g of a 10 mass % PGMEA solution
of a silicone based surfactant (BYK (registered trademark)
333, manufactured by BYK-Chemie) in 194.0 g of PGMEA,
which was adopted as surfactant, were added to provide a
photosensitive coloring resin composition 2 having a total
solid content of 25 mass % and a coloring agent/resin ratio
(by weight) of 45/55.
[0372] The component (A-9), component (B-3), compo-
nent (C-1), component (C-2), other components, and sol-
vents that were used in examples and comparative examples
are listed below.

[0373] (A-9) phenol resin MEHC-7851 (manufactured

by Meiwa Plastic Industries, Ltd.)
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[0374] (C-1) HMOM-TPHAP (manufactured by Hon-
shu Chemical Industry Co., Ltd.)

[0375] (C-2) YX4000H (manufactured by Mitsubishi
Chemical Corporation)

(A-9)

(€-2)

[0376] (B-3): photo initiator NCI-831 (manufactured by
Adeka Corporation)

Other Components

[0377] (F-1): dipentaerythritol hexaacrylate (DPHA,
manufactured by Kyoeisha Chemical Co., Ltd.)

[0378] (F-2): 2,4-diethyl thioxanthone (KAYACURE
DETX-S, manufactured by Nippon Kayaku Co., Ltd.)

[0379] (F-3): 2,5-bis(1,1,3,3-tetramethylbutyl) hydro-
quinone (DOHQ, manufactured by Wako Pure Chemi-
cal Industries, Ltd.)

Solvents:
[0380] GBL: y-butyrolactone
[0381] PGMEA: propylene glycol monomethyl methyl

ether acetate

[0382] Table 1 lists the constitutions of the resin compo-
sitions used, each consisting of a resin (A), photosensitizing
agent (B), thermal crosslinking agent (C), etc. The resin
compositions 1-18 were prepared using the solvents given in
Table 1 so as to have a solid content of 40 mass %.
Furthermore, Table 2-1 and Table 2-2 show the resin com-
position used in each example, transmittance for 5 pm
thickness of a cured film of the resin composition for light
with a wavelength of 450 nm (%), the total thickness of the
cured film (um), the number of layers in the cured film, the
shape and size of the hole pattern created in the cured film,
presence or absence of the step (D6) and step (E8), the
efficiency of light extraction from the display, and the angle
of the inclined side of the hole pattern.
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TABLE 1
Thermal
Resin component (A) Photosensitizing agent (B) crosslinking agent (C) Other
(content) (content) (content) components Solvent
Resin (A-D) — B-1) (B-2) — (C-1) — — GBL
composition 1 (100 parts by mass) (11 parts by mass) (9 parts (20 parts by mass)
by mass)
Resin (A-D) — B-1) (B-2) — (C-1) — — GBL
composition 2 (100 parts by mass) (14 parts by mass) (8 parts (20 parts by mass)
by mass)
Resin (A-D) — B-1) — — (C-1) — — GBL
composition 3 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A-D) — B-1) — — (C-1) (C-2) — GBL
composition 4 (100 parts by mass) (20 parts by mass) (10 parts by mass) (10 parts
by mass)
Resin (A-2) — B-1) — — (C-1) — — GBL
composition 5 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A-3) — B-1) — — (C-1) — — GBL
composition 6 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A4 — B-1) — — (C-1) — — GBL
composition 7 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A-5) — B-1) — — (C-1) — — GBL
composition 8 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A-6) — B-1) — — (C-1) — — GBL
composition 9 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A-D) (A-9) B-1) — — (C-1) — — GBL
composition 10 (100 parts by mass) (19 parts (20 parts by mass) (20 parts by mass)
by mass)
Resin (A-5) — — — (B-3) (C-1) — (F-1) GBL
composition 11 (100 parts by mass) (5 parts (20 parts by mass) (20 parts by mass)
by mass)
Resin (A-D) — — — — (C-1) — — GBL
composition 12 (100 parts by mass) (20 parts by mass)
Resin (A7) — B-1) — — (C-1) — — GBL
composition 13 (100 parts by mass) (20 parts by mass) (20 parts by mass)
Resin (A-8) — — — (B-3) (C-1) — (F-1) GBL
composition 14 (100 parts by mass) (5 parts (20 parts by mass) (20 parts by mass)
by mass)
Resin (A-D) — B-1) (B-2) — (C-1) — — GBL
composition 15 (100 parts by mass) (10 parts by mass) (10 parts (20 parts by mass)
by mass)
Resin (A-D) — — (B-2) — (C-1) — — GBL
composition 16 (100 parts by mass) (20 parts (20 parts by mass)
by mass)
Resin (A-10) — — — (B-3) — — (F-1) GBL
composition 17 (100 parts by mass) (5 parts (20 parts by mass)
by mass)
Resin (A-11) — — — (B-3) — — (F-1) PGMEA
composition 18 (100 parts by mass) (5 parts (65 parts by mass)
by mass) (F-2)
(5 parts by mass)
(F-3)
(0.5 parts by
mass
TABLE 2-1
light total number shape and presence or evalu-  angle of  evalu-
transmittance  thickness of layers maximum size absence light ation inclined ation
resin for 5 pm of cured in cured of hole formed of steps extraction level side of hole level
display composition  cured film (%) film (um) film in cured film (D6) and (E8) efficiently (1) pattern (°) 2)
Example display 1 resin 80 30 3 circular, absent 1.00 B 75 A
1 composition 1 diameter 2 pm
Example display 2 resin 82 30 3 circular, absent 1.02 B 75 A
2 composition 2 diameter 2 pm
Example display 3 resin 92 30 3 circular, absent 1.18 A 70 A
3 composition 3 diameter 2 pm
Example display 4 resin 92 30 3 circular, absent 1.18 A 70 A
4 composition 4 diameter 2 pm
Example display 5 resin 91 30 3 circular, absent 1.16 A 75 A
5 composition 5 diameter 2 pm
Example display 6 resin 20 30 3 circular, absent 1.14 A 75 A
6 composition 6 diameter 3 pm
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TABLE 2-1-continued

light total number shape and presence or evalu-  angle of  evalu-
transmittance  thickness of layers maximum size absence light ation inclined ation
resin for 5 pm of cured in cured of hole formed of steps extraction level side of hole level

display composition  cured film (%) film (um) film in cured film (D6) and (E8) efficiently (1) pattern (°) 2)

Example display 7 resin 20 30 3 circular, absent 1.14 A 75 A
7 composition 7 diameter 3 pm
Example display 8 resin 20 30 3 circular, absent 1.14 A 70 A
8 composition 8 diameter 3 pm
Example display 9 resin 20 30 3 circular, absent 1.14 A 65 A
9 composition 9 diameter 3 pm
Example display resin 89 30 3 circular, absent 1.12 A 60 A
10 10 composition 10 diameter 3 pm
Example display resin 92 30 3 circular, absent 1.18 C 85 B
11 11 composition 11 diameter 15 pm
Example display resin 97 30 3 circular, absent 1.31 D 50 B
12 12 composition 12 diameter 25 pm
Example display resin 20 30 3 circular, present 1.14 A 75 A
13 13 composition 2 diameter 2 pm
Example display resin 92 30 3 circular, absent 1.22 A 70 A
14 14 composition 3 diameter 2 pm
Example display resin 92 30 3 circular, absent 1.30 A 70 A
15 15 composition 3 diameter 2 pm
Example display resin 80 30 3 circular, absent 1.02 B 75 A
16 16 composition 1 diameter 2 pm
Example display resin 82 30 3 circular, absent 1.04 B 75 A
17 17 composition 2 diameter 2 pm
Example display resin 92 30 3 circular, absent 1.20 A 70 A
18 18 composition 3 diameter 2 pm
Example display resin 20 30 3 circular, present 1.16 A 75 A
19 19 composition 2 diameter 2 pm
TABLE 2-2
light total number shape and  presence or evalu-  angle of  evalu-
transmittance  thickness of layers maximum size absence of light ation inclined ation
resin for 5 pm of cured in cured of hole formed steps (D6) extraction level side of hole level

display  composition  cured film (%) film (um) film in cured film  and (E8) efficiently (1) pattern (°) 2)

Example 20 display resin 92 30 3 circular, absent 1.30 A 70 A
20 composition 3 diameter 2 pm

Example 21 display resin 92 30 3 circular, absent 1.32 A 70 A
21 composition 3 diameter 2 pm

Example 22 display resin 86 30 3 circular, absent 1.07 D 85 B
26 composition 17 diameter 6 pm

Example 23 display resin 86 30 3 circular, absent 1.10 C 85 B
27 composition 17 diameter 5 pm

Example 24 display resin 95 9 3 circular, absent 1.27 A 85 B
28 composition 18 diameter 2 pm

Example 25  display resin 92 30 3 circular, absent 1.18 A 70 A
29 composition 3 diameter 2 pm

Example 26  display resin 92 30 3 circular, absent 1.20 A 70 A
30 composition 3 diameter 2 pm

Example 27  display resin 92 30 3 circular, absent 1.18 A 70 A
31 composition 3 diameter 2 pm

Example 28 display resin 92 30 3 circular, absent 1.20 A 70 A
32 composition 3 diameter 2 pm

Example 29  display resin 92 30 3 circular, absent 1.18 A 70 A
33 composition 3 diameter 2 pm

Example 30 display resin 92 30 3 circular, absent 1.20 A 70 A
34 composition 3 diameter 2 pm

Example 31  display resin 92 30 3 circular, absent 1.06 B 70 B
35 composition 3 diameter 2 pm

Example 32 display resin 92 30 3 circular, absent 1.06 B 70 B
36 composition 3 diameter 2 pm

Example 33 display resin 92 35 2 circular, absent 1.20 A 70 A
37 composition 3 diameter 2 pm

Example 34 display resin 92 35 2 circular, absent 1.20 A 70 A
38 composition 3 diameter 2 pm

Example 35  display resin 92 5 2 circular, absent 1.22 A 70 A
39 composition 3 diameter 2 pm

Comparative  display resin 70 30 3 circular, absent 0.93 E 50 B

example 1 22 composition 13 diameter 15 pm
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TABLE 2-2-continued

light total number shape and  presence or evalu-  angle of  evalu-
transmittance  thickness of layers maximum size absence of light ation inclined ation
resin for 5 pm of cured in cured of hole formed steps (D6) extraction level side of hole level
display  composition  cured film (%) film (um) film in cured film  and (E8) efficiently (1) pattern (°) 2)
Comparative  display resin 70 30 3 circular, absent 0.93 E 85 B
example 2 23 composition 14 diameter 8 pm
Comparative  display resin 78 30 3 circular, absent 0.98 E 75 A
example 3 24 composition 15 diameter 2 pm
Comparative  display resin 67 30 3 circular, absent 0.92 E 75 A
example 4 25 composition 16 diameter 2 pm
[0383] For the Evaluation level (1), a test piece was rated [0389] Next, the resin film 21 was cured by performing

as level A if the display produced had a light extraction
efficiency of 1.10 or more relative to the one produced in
Example 1 and the hole pattern had a maximum size of 5 um
or less, rated as level B if the display produced had a light
extraction efficiency of 1.00 or more relative to the one
produced in Example 1 and the hole pattern had a maximum
size of 5 um or less, rated as level C if the display produced
had a light extraction efficiency of 1.00 or more relative to
the one produced in Example 1 and the hole pattern had a
maximum size of more than 5 pm and 20 pm or less, rated
as level D if the display produced had a light extraction
efficiency of 1.00 or more relative to the one produced in
Example 1 and the hole pattern had a maximum size of more
than 20 um, or rated as level E if the display produced had
a light extraction efficiency of less than 1.00 relative to the
one produced in Example 1.

[0384] For the Evaluation level (2), a test piece was rated
as level A if the angle of its inclined side was 55° or more
and 80° or less, rated as level B if it was 40° or more and less
than 55° or more than 80° and 85° or less, or rated as level
C if it was less than 40° or 85° or more.

(Example 1) (Steps in FIG. 11)

[0385] An example of the display according to the present
invention is described with reference to the cross-sectional
views of the production steps given in FIG. 11.

[0386] As illustrated in FIG. 11a, a glass substrate was
used as the support substrate 20. Some temporarily attached
materials made of polyimide were disposed on the glass
substrate, and LEDs 2, which work as light emitting ele-
ments, were disposed on the support substrate 20 (corre-
sponding to the step (D1)). Each LED 2 had a thickness of
7 um and had a pair of sides with a length of 30 um and the
other pair of sides with a length of 50 um.

[0387] Next, as illustrated in FIG. 115, the resin compo-
sition 1 described in Table 1 was spread on the support
substrate 20 and the light emitting element 2 in such a
manner that its thickness would be 10 um after heat treat-
ment, thereby forming a resin film 21 (corresponding to the
step (D2)).

[0388] Next, as illustrated in FIG. 11¢, the resin film 21
was irradiated with i-line light (365 nm) through a mask
having a desired pattern. The irradiated resin film 21 was
developed with a 2.38 mass % aqueous solution of tetram-
ethyl ammonium (TMAH) to form a plurality of hole
patterns 12 that penetrated the resin film 21 in the thickness
of direction (corresponding to the step (D3)). Each hole
pattern had a circular shape, and the hole pattern had a
diameter of 2 um as the maximum size in the bottom face
portion in the smallest region.

heat treatment at 110° C. for 30 minutes in an atmosphere
having an oxygen concentration of 100 ppm or less and
additional heat treatment at 230° C. for 60 minutes to form
a cured film 3 with a thickness of 10 pm (corresponding to
the step (D4)). Thus, the resin film 21 was cured directly into
a cured film 3.

[0390] Next, as illustrated in FIG. 11d, barrier metal of
titanium was sputtered on the cured film 3 and in addition,
a copper seed layer was formed on top of it by sputtering.
Following this, a photoresist layer was formed, and then
metal wires 4 of copper connected electrically to the LEDs
2 were formed by the plating technique in the hole pattern
12 in the cured film 3 and on part of the surface of the cured
film 3. Subsequently, the photoresist, seed layer, and barrier
metal were removed (corresponding to the step (DS5)). The
metal wires 4a formed on part of the surface of the cured
film 3 had a thickness of 5 um.

[0391] Then, as illustrated in FIGS. 11e to 11f; the step
(D2), step (D3), step (D4), and step (DS) were repeated
twice to form a three-layered cured film 3. The resulting
three-layered cured film 3 had a total thickness of 30 pm.

[0392] Subsequently, as illustrated in FIG. 11g, barrier
metal 9 was formed by sputtering in each hole pattern 12 in
the cured film 3, followed by forming solder bumps 10.
Subsequently, as illustrated in FIG. 114, the solder was
reflowed at 250° C. for 1 minute to allow it to be electrically
connected through the solder bump 10 to a light emitting
element driving substrate 7 that had a driver IC as drive
element 8. Then, the support substrate 20 was removed and
an opposite substrate 5 was attached using an adhesive etc.,
thus producing a display 1 that had a plurality of LEDs 2.

Example 2

[0393] Except for replacing the resin composition 1 used
in Example 1 with a resin sheet of the resin composition 2
and forming the resin film 21 by lamination, the same
procedure as in Example 1 was carried out to produce a
display 2.

Examples 3 to 11

[0394] Except for replacing the resin composition 1 used
in Example 1 with the resin compositions 3 to 11, the same
procedure as in Example 1 was carried out to produce
displays 3 to 11.

Example 12

[0395] Except for replacing the resin composition 1 used
in Example 1 with the resin composition 12, forming a
photoresist before light irradiation, and removing the pho-
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toresist after development, the same procedure as in
Example 1 was carried out to produce a display 12.

Example 13

[0396] In Example 13, except that unlike Example 2, a
step (D6) for applying i-line light (365 nm) to the entire
region of the resin film 21 that contained the hole pattern 12
formed in step (D3) was carried out after the step (D3) and
before the step (D4), the same procedure as in Example 2
was carried out to produce a display 13.

Example 14

[0397] As illustrated in FIG. 12a, partition walls 16 were
formed on the support substrate 20 (corresponding to the
step D7). Next, as illustrated in FIG. 125, LEDs 2 were
formed between the partition walls 16 (corresponding to the
step (D1)). Except for this, the same steps as in Example 3
were carried out to produce a display 14. Here, the LEDs 2
had a thickness of 7 um and the partition walls 16 had a
thickness of 10 um. To form the partition walls 16, an acrylic
resin containing a generally known white pigment was used.

Example 15

[0398] As illustrated in FIG. 134, the step (D4) shown in
FIG. 11¢ which was designed to form a cured film by the
same procedure as in Example 3 was followed by sputtering
aluminum to a thickness of 0.2 um at predetermined posi-
tions so as to avoid the metal wires 4 to be formed later,
thereby producing a reflecting film 15 (step (D8)). Except
for this, the same steps as in Example 3 were carried out to
produce a display 15.

Example 16

[0399] An example of the display according to the present
invention is described with reference to the cross-sectional
views of the production steps given in FIG. 14.

[0400] First, as illustrated in FIG. 14a, an electrode pad 18
made of copper was formed on the support substrate 20
(corresponding to the step (E1)). The electrode pad had a
thickness of 2 um. Next, as illustrated in FIG. 145, the resin
composition 1 described in Table 1 was spread on the
support substrate 20 and metal pad 18 in such a manner that
its thickness would be 10 um after heat treatment, thereby
forming a resin film 21 (corresponding to the step (E2)).
Next, as illustrated in FIG. 14¢, a plurality of hole patterns
12 was formed in the resin film 21 under the same conditions
as adopted in the photolithography steps described in
Example 1 (corresponding to the step (E3)).

[0401] Next, the resin film 21 was cured under the same
conditions as in Example 1 to form a cured film 3 with a
thickness of 10 pm (corresponding to the step (E4)).
[0402] Following this, in order to improve the adhesion
between the cured film 3 and the metal wires 4 in FIG. 14c¢,
barrier metal such as titanium was sputtered on the cured
film 3 and in addition, a copper seed (seed layer) was formed
on top of it by sputtering.

[0403] Next, as illustrated in FIG. 144, a photoresist layer
was formed and then metal wires 4 of copper were formed
by plating in the hole pattern 12 in the cured film 3 and on
part of the surface of the cured film 3 (corresponding to the
step (ES)). The metal wires 4a formed on part of the surface
of the cured film 3 had a thickness of 5 um. Subsequently,
the photoresist, seed layer, and barrier metal were removed.
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[0404] Then, the step (E2), step (E3), step (E4), and step
(ES) were repeated twice to form a three-layered cured film
3 that had metal wires 4 extending through the cured film 3
as illustrated in FIG. 14e. The resulting three-layered cured
film 3 had a total thickness of 30 pum.

[0405] Next, as illustrated in FIG. 14f, LEDs 2 were
formed on the cured film 3 while maintaining electric
connection to the metal wires 4 (corresponding to the step
(E6)). The LEDs 2 had a thickness of 7 um.

[0406] Next, as illustrated in FIG. 14 g, aresin film 21 was
formed from the resin composition 1 on the cured film 3 and
light emitting elements 2 and cured by heat treatment to
form a cured film 3. Here, the cured film 3 was formed by
performing heat treatment at 110° C. for 30 minutes in an
atmosphere having an oxygen concentration of 100 ppm or
less and additional heat treatment at 230° C. for 60 minutes.
[0407] Subsequently, as illustrated in FIG. 144, the sup-
port substrate 20 was removed, followed by attaching a light
emitting element driving substrate 7 that had a driver IC as
drive element 8 and was electrically connected via the solder
bump 10. Then, an opposite substrate 5 was attached to the
LEDs 2 using an adhesive etc., thus producing a display 16
having a plurality of LEDs 2.

Examples 17 to 18

[0408] Except for replacing the resin composition 1 used
in Example 16 with the resin compositions 2 and 3, the same
procedure as in Example 16 was carried out to produce
displays 17 and 18.

Example 19

[0409] Except that unlike Example 17, a step (E8) for
applying i-line light (365 nm) to the entire region of the resin
film 21 that contained the hole pattern 12 formed in step (E3)
was carried out after the step (E3) and before the step (E4),
the same procedure as in Example 17 was carried out to
produce a display 19.

Example 20

[0410] As illustrated in FIG. 15f, the formation of a
plurality of cured film layers 3 as described in FIG. 14e,
which was performed by the same procedure as in Example
18, was followed by forming partition walls 16 from the
resin composition 3 between and around the LEDs 2 that
were to be formed later (corresponding to the step (E9)).
Then, a plurality of LEDs 2 was formed as illustrated in FIG.
15¢g and, as illustrated in FIG. 15/, the support substrate 20
was removed, followed by attaching a light emitting element
driving substrate 7 that had a driver IC as drive element 8
and was electrically connected via the solder bumps 10.
Then, an opposite substrate 5 was attached to the LEDs 2
using an adhesive etc. to produce a display 20 having a
plurality of LEDs 2. Here, the LEDs 2 had a thickness of 7
um and the partition walls had a thickness of 10 um.

Example 21

[0411] As illustrated in FIG. 16/, the step (ES) shown in
FIG. 14e which was designed to form a cured film by the
same procedure as in Example 18 was followed by sputter-
ing aluminum to a thickness of 0.5 pm at predetermined
positions so as to avoid the metal wires 4 to be formed later,
thereby producing a reflecting film 15 (corresponding to the
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step (E10)). Subsequently, the same steps as in Example 18
were carried out to produce a display 21.

Example 22

[0412] Except for replacing the resin composition 1 used
in Example 1 with the resin composition 17 and developing
the resin film 21, which had been irradiated with light, with
cyclopentanone, the same procedure as in Example 1 was
carried out to produce a display 26.

Example 23

[0413] Except for replacing the resin composition 1 used
in Example 16 with the resin composition 17 and developing
the resin film 21, which had been irradiated with light, with
cyclopentanone, the same procedure as in Example 16 was
carried out to produce a display 27.

Example 24

[0414] The resin composition 18 was adopted instead of
the resin composition 1 used in Example 16, and the resin
composition 18 given in Table 1 was spread on the support
substrate 20 and the metal pad 18 as illustrated in FIG. 145
in such a manner that its thickness would be 3 um after heat
treatment, thereby forming a resin film 21 (corresponding to
the step (E2)). Next, as illustrated in FIG. 14c¢, the photoli-
thography steps described in Example 1 were carried out
under the same conditions except that the developer used
was a 0.4 mass % aqueous solution of tetramethyl ammo-
nium (TMAH), thereby forming a plurality of hole patterns
12 in the resin film 21 (corresponding to the step (E3)).
[0415] Next, the resin film 21 was cured under the same
conditions as in Example 1 to form a cured film 3 with a
thickness of 3 um (corresponding to the step (E4)).

[0416] Following this, in order to improve the adhesion
between the cured film 3 and the metal wires 4 in FIG. 14c¢,
barrier metal such as titanium was sputtered on the cured
film 3 and in addition, a copper seed (seed layer) was formed
on top of it by sputtering.

[0417] Next, as illustrated in FIG. 144, a photoresist layer
was formed and then metal wires 4 of copper were formed
by plating in the hole pattern 12 in the cured film 3 and on
part of the surface of the cured film 3 (corresponding to the
step (ES)). The metal wires 4a formed on part of the surface
of the cured film 3 had a thickness of 1.5 um. Subsequently,
the photoresist, seed layer, and barrier metal were removed.
[0418] Then, the step (E2), step (E3), step (E4), and step
(ES) were repeated twice to form a three-layered cured film
3 that had metal wires 4 extending through the cured film 3
as illustrated in FIG. 14e. The resulting three-layered cured
film 3 had a total thickness of 9 pm.

[0419] Next, as illustrated in FIG. 14f, LEDs 2 were
formed on the cured film 3 while maintaining electric
connection to the metal wires 4 (corresponding to the step
(E6)). The LEDs 2 had a thickness of 7 um.

[0420] Next, as illustrated in FIG. 14g, a resin film 21 was
formed from the resin composition 18 on the cured film 3
and light emitting elements 2 and cured by heat treatment to
form a cured film 3. Here, the cured film 3 was formed by
performing heat treatment at 110° C. for 30 minutes in an
atmosphere having an oxygen concentration of 100 ppm or
less and additional heat treatment at 230° C. for 60 minutes.
[0421] Subsequently, as illustrated in FIG. 144, the sup-
port substrate 20 was removed, followed by attaching a light
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emitting element driving substrate 7 that had a driver IC as
drive element 8 and was electrically connected via the solder
bumps 10. Then, an opposite substrate 5 was attached to the
LEDs 2 using an adhesive etc., thus producing a display 28
having a plurality of LEDs 2.

Example 25

[0422] The resin composition 3 was adopted instead of the
resin composition 1 used in Example 1 and, as illustrated in
FIG. 114, a groove was formed by laser processing in a side
face of the light emitting element driving substrate 7,
followed by sputtering of titanium and copper in this order
and plating with copper to form metal wires 4¢ (correspond-
ing to the step D9). Except for this, the same procedure as
in Example 1 was carried out to produce a display 29.

Example 26

[0423] The resin composition 3 was adopted instead of the
resin composition 1 used in Example 16 and, as illustrated
in FIG. 14k, a groove was formed by laser processing in a
side face of the light emitting element driving substrate 7,
followed by sputtering of titanium and copper in this order
and plating with copper to form metal wires 4¢ (correspond-
ing to the step E11). Except for this, the same procedure as
in Example 16 was carried out to produce a display 30.

Example 27

[0424] In the side face of a light emitting element driving
substrate 7 as described in Example 25, an electrically
conductive film 27 was adopted as illustrated in FIG. 24/,
and the photosensitive electrically conductive paste 1 pre-
pared in Preparation example 1 was used as the electrically
conductive film 27 (corresponding to the step D10). Except
for this, the same procedure as in Example 25 was carried
out to produce a display 31. The formation of the electrically
conductive film 27 was performed as described below.

<Preparation of Electrically Conductive Film 27>

[0425] The photosensitive electrically conductive paste 1
was spread on a PET mold release film prepared by coating
a PET film having a thickness of 16 um with a mold
releasing agent in such a manner that the film thickness
would be 6.0 um after drying, followed by drying the
resulting coated film in a drying oven at 100° C. for 10
minutes. Then, it was irradiated with an exposure energy of
350 mJ/cm? using a light irradiation machine equipped with
an ultrahigh pressure mercury lamp and then, using a 0.1
mass % aqueous solution of sodium carbonate as developer,
spray development under a pressure of 0.1 MPa was per-
formed for 30 seconds, thereby forming a pattern. Subse-
quently, the resulting pattern was cured in a drying oven at
140° C. for 30 minutes to prepare a wired sample for transfer
test. The resulting pattern had a line width of 50 um and a
line length of 90 mm. Such samples for transfer test were
attached to both faces of a glass plate in such a manner that
part of the wires were disposed along the edge of the plate
that had a beveled curved portion. Then, the side face of the
glass plate was pressed against a hot plate at 130° C. for 30
seconds, followed by transferring the remaining portion
using a hot roll laminator under the conditions of 130° C.
and 1.0 m/min.
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Example 28

[0426] In the side face of a light emitting element driving
substrate 7 as described in Example 26, an electrically
conductive film 27 was adopted as illustrated in FIG. 24/,
and the photosensitive electrically conductive paste 1 pre-
pared in Example 27 was used as the electrically conductive
film 27 (corresponding to the step E12). Except for this, the
same procedure as in Example 26 was carried out to produce
a display 32.

Example 29

[0427] Except that a printed circuit board was adopted
instead of the light emitting element driving substrate 7 used
in Example 25 and that the drive element 8 and the metal
wires 4 were connected to each other by the wires in the
printed circuit board and the bump, the same procedure as in
Example 25 was carried out to produce a display 33.

Example 30

[0428] Except that a printed circuit board was adopted
instead of the light emitting element driving substrate 7 used
in Example 26 and that the drive element 8 and the metal
wires 4 were connected to each other by the wires in the
printed circuit board and the bump, the same procedure as in
Example 26 was carried out to produce a display 34.

Example 31

[0429] As illustrated in FIG. 254, shading layers 28 were
formed on the support substrate 20 (corresponding to the
step DI11). Next, as illustrated in FIG. 254, LEDs 2 were
formed between the shading layers 28 (corresponding to the
step (D1)). Except for this, the same steps as in Example 3
were carried out to produce a display 35. The formation of
the shading layers 28 was performed as described below.

<Formation of Shading Layers 28>

[0430] The coloring resin composition 1 was spread on the
support substrate 20 in such a manner that its thickness
would be 1 um after heat treatment, and the coated film was
dried by heating on a hot plate at 100° C. for 2 minutes. The
dried film was irradiated with ultraviolet ray with an expo-
sure energy of 200 mJ/cm? using a light irradiation machine
equipped with an ultrahigh pressure mercury lamp. Next, it
was developed with a 0.045 wt % aqueous solution of
potassium hydroxide used as alkaline developer, followed
by rinsing with pure water to produce a pattern film. The
resulting pattern film was postbaked in a hot air oven at 230°
C. for 30 minutes to produce shading layers.

Example 32

[0431] Except for adopting the coloring resin composi-
tions 2 for forming the shading layers 28, unlike the shading
layers 28 formed in Example 31, the same steps as in
Example 31 were carried out to produce a display 36.

Example 33

[0432] Except that in FIG. 11f, the metal wires 4a that
were in contact with the bumps 10 had a thickness of 10 um,
that the cured film layer 3 having metal wires 4a formed on
part of its surface had a thickness of 15 um, and that the
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cured film 3 had a total thickness of 35 um, the same steps
as in Example 3 were carried out to produce a display 37.

Example 34

[0433] Except that in FIG. 145, the metal pad 18 had a
thickness of 10 pum, that the cured film layer 3 having metal
pad formed on part of its surface had a thickness of 15 um,
and that the cured film 3 had a total thickness of 35 pm, the
same steps as in Example 18 were carried out to produce a
display 38.

Example 35

[0434] Example 35 of the display according to the present
invention is described below with reference to the cross-
sectional views of the production steps given in FIG. 27.
[0435] As illustrated in FIG. 27a, a TFT array substrate
was used as the light emitting element driving substrate 7,
and the resin composition 3 given in Table 1 was spread on
the light emitting element driving substrate 7 in such a
manner that its thickness would be 3 um after heat treatment,
thereby producing a resin film 21 (corresponding to the step
(F1)). Here, the metal wires 4 had a thickness of 1 pum.
[0436] Next, a plurality of hole patterns 12 was formed in
the resin film 21 under the same conditions as adopted in the
photolithography steps described in Example 3 (correspond-
ing to the step (F2)).

[0437] Next, the resin film 21 was cured under the same
conditions as in Example 3 to form a cured film 3 with a
thickness of 3 um (corresponding to the step (F3)).

[0438] Next, as illustrated in FIG. 275, the metal wires or
electrically conductive film were formed on at least part of
the surface of the cured film and in at least part of the hole
patterns in the cured film. A photoresist layer (not shown in
the figures) was formed, and then wires 25 were formed by
sputtering ITO on part of the surface of the cured film 3.
Subsequently, the photoresist, which was no longer neces-
sary, was removed (corresponding to the step (F4)). The ITO
layer had a thickness of 0.1 um.

[0439] Next, as illustrated in FIG. 27¢, the steps (F1), (F2),
and (F3) were carried out repeatedly to cure the resin
composition 3 given in Table 1 to produce a cured film 3
having a thickness of 2 um.

[0440] Next, as illustrated in FIG. 274, partition walls 16
were formed on the cured film 3. Next, as illustrated in FIG.
125, LEDs 2 were formed between the partition walls 16
(corresponding to the step (F5)). Here, the LEDs 2 had a
thickness of 7 um and the partition walls 16 had a thickness
of 8 um. To form the partition walls 16, an acrylic resin
containing a generally known white pigment was used.
[0441] Subsequently, as illustrated in FIG. 27e, an oppo-
site substrate 5 was attached using an adhesive. To produce
an electrically conductive film 27, furthermore, the photo-
sensitivity electrically conductive paste 1 prepared in Prepa-
ration example 1 was used to form an electrically conductive
film 27 so that the electrically conductive film 27 allowed
the drive element 8 such as driver IC to be electrically
connected to the light emitting elements 2 via the metal
wires 4 or wires 25 that extended in the cured film 3, thereby
producing a display 39 that had a plurality of LEDs 2. Thus,
the displays 1 to 21 and 26 to 39 each had a cured film 3 with
a high light transmittance and accordingly had an increased
light extraction efficiency and an increased brightness. In
addition, in comparison with the conventional flexible sub-
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strates, the cured film was smaller in thickness and serves to
lower the height of the package and shorten the wire length,
thereby realizing the prevention of wiring defects such as
short circuits in wires, reduction of loss, and improvement in
high speed response. Furthermore, the displays 1 to 11, 13
to 21, and 26 to 39 were suitable for fine processing, and
therefore, it was possible to apply minute light emitting
elements and achieve high density mounting of light emit-
ting elements. It was also possible to allow a cured film
prepared from a resin composition to be adopted as the
partition wall 16, and accordingly, the formation of partition
walls served to attach an opposite substrate easily. In the
displays 1 to 21, 26 to 32, and 35 to 39, furthermore, at least
part of the metal wires or electrically conductive films
extended along a side face of the substrate, which served to
lower the height of the display itself and enhance the high
speed response, thereby realizing the production of a smaller
display with a smaller frame. In addition, the displays 35 and
36 had a plurality of light emitting elements and shading
layers formed between them, which served to suppress light
leakage from the light emitting elements and mixing of
colors between pixels and realize improved contrast without
suffering a significant decrease in light extraction efficiency.
In the displays 37 and 38, the metal wires located nearer to
the bumps 10 were larger in thickness than the metal wires
located nearer to the LEDs 2, which served to prevent the
occurrence of wiring defects when connecting a light emit-
ting element driving substrate 7 via bumps 10 and produce
displays with high reliability.

Comparative Examples 1, 3, and 4

[0442] Except for replacing the resin composition 1 used
in Example 1 with the resin compositions 13, 15, or 16, the
same procedure as in Example 1 was carried out to produce
displays 22, 24, and 25.

Comparative Example 2

[0443] Except for replacing the resin composition 1 used
in Example 1 with the resin composition 14 and developing
the resin film 21, which had been irradiated with light, with
cyclopentanone, the same procedure as in Example 1 was
carried out to produce a display 23.

[0444] Thus, the displays 22 to 25 each had a cured film
3 with a poor light transmittance and accordingly failed to
have a required light extraction efficiency and a required
brightness.

EXPLANATION OF NUMERALS

[0445] 1 display

[0446] 2 light emitting element

[0447] 3 cured film

[0448] 4, 4¢ metal wire

[0449] 4a thickness of metal wire disposed on surface

of cured film
[0450] 45 thickness of metal wire extending in hole
pattern that penetrates cured film in thickness direction

[0451] 5 opposite substrate

[0452] 6 electrode terminal

[0453] 7 light emitting element driving substrate
[0454] 8 drive element

[0455] 9 barrier metal

[0456] 10 solder bump

[0457] 1l1a designated region A
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[0458] 115 designated region B

[0459] 12 hole pattern

[0460] 13 bottom face portion of metal wire 4
[0461] 14 maximum size of bottom face portion
[0462] 15 reflecting film

[0463] 16 partition wall

[0464] 17 external substrate

[0465] 18 metal pad

[0466] 19 total thickness of cured film

[0467] 20 support substrate

[0468] 21 resin film

[0469] 22 cured film

[0470] 23 TFT

[0471] 24 TFT insulation layer

[0472] 25 wire

[0473] 26 contact hole

[0474] 27 electrically conductive film

[0475] 28 shading layer

[0476] 29 inclined side

[0477] 30 angle of inclined side

[0478] 31 thickness of cured film 3

[0479] 32 position at V2 of thickness of cured film 3

1. A display comprising at least metal wires, a cured film,
and a plurality of light emitting elements, each of the light
emitting elements having a pair of electrode terminals on
one face thereof, the pair of electrode terminals being
connected to the plurality of metal wires extending in the
cured film, the plurality of metal wires being electrically
insulated by the cured film, the cured film being a film
formed by curing a resin composition containing a resin (A),
and the cured film having a transmittance for 5 um thickness
0t'80% or more and 100% or less for light with a wavelength
of 450 nm.

2. A display as set forth in claim 1, wherein the cured film
has a total thickness of 5 to 100 pm.

3. A display as set forth in either claim 1, wherein the
cured film has 2 or more and 10 or less layers.

4. A display as set forth in claim 1, wherein the cured film
has a hole pattern that penetrates it in the thickness direction;
the metal wires extend at least in the hole pattern; and the
bottom face portion of each metal wire that is formed at a
position where it is in contact with a light emitting element
has a maximum size of 2 to 20 um.

5. A display as set forth in claim 1, wherein the cured film
covers the faces of each light emitting element other than the
light extraction face.

6. A display as set forth in claim 1, wherein the cured film
further includes a reflecting film.

7. A display as set forth in claim 1, wherein partition walls
having a thickness equal to or larger than the thickness of the
light emitting elements are disposed between the two or
more light emitting elements.

8. A display as set forth in claim 1, wherein partition walls
having a thickness equal to or larger than the thickness of the
light emitting elements are disposed between the two or
more light emitting elements in the cured film that covers the
light emitting elements.

9. A display as set forth in claim 1, wherein each light
emitting element is an LED having sides of 5 um or more
and 700 pum or less.

10. A display as set forth in claim 1, further comprising a
drive element and a substrate in such a manner that the drive
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element is connected to the light emitting elements by metal
wires and that at least part of the metal wires extends along
a side face of the substrate.

11. A display as set forth in claim 1, wherein shading
layers are disposed between the two or more light emitting
elements.

12. A display as set forth in claim 1, wherein the resin (A)
contains one or more resins selected from the group con-
sisting of polyimide, polyimide precursor, polybenzoxazole,
polybenzoxazole precursor, and copolymers thereof.

13. A display as set forth in claim 1, wherein the resin
composition containing the resin (A) further includes a
photosensitizing agent (B).

14. A display as set forth in claim 1, wherein the resin
composition containing the resin (A) further includes a
thermal crosslinking agent (C).

15. A display as set forth in claim 1, wherein the resin
composition containing the resin (A) has positive photosen-
sitivity.

16. A production method for a display having at least
metal wires, a cured film, and a plurality of light emitting
elements comprising:

a step (D1) for arranging the light emitting elements on a

support substrate,

a step (D2) for forming a resin film from a resin compo-
sition containing a resin (A) on the support substrate
and on the light emitting elements,

a step (D3) for irradiating and developing the resin film to
form a plurality of through-hole patterns in the resin
film,

a step (D4) for curing the resin film to form a cured film
having a transmittance for 5 um thickness of 80% or
more and 100% or less for light with a wavelength of
450 nm, and

a step (D5) for forming the metal wires on at least part of
the surface of the cured film and in the hole patterns in
the cured film.

17. A production method for a display as set forth in claim
16, further comprising a step (D6) for irradiating the entire
region of the resin film after the step (D3) and before the step
(D4).

18. A production method for a display as set forth in claim
16, wherein the step (D2), step (D3), step (D4), and step
(DS5) are carried out a plurality of times repeatedly to form
aplurality of cured film layers in which each cured film layer
contains metal wires.
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19. A production method for a display as set forth in claim
16, wherein a step (D7) for forming partition walls with a
thickness equal to or larger than the thickness of the light
emitting elements is provided before the step (D1).

20. A production method for a display as set forth in claim
16, wherein a step (D8) for forming reflecting films on part
of the cured film is provided after the step (D4).

21. A production method for a display having at least
metal wires, a cured film, and a plurality of light emitting
elements comprising:

a step (E1) for disposing a metal pad on a support

substrate,

a step (E2) for forming a resin film from a resin compo-
sition containing a resin (A) on the support substrate
and on the metal pad,

a step (E3) for irradiating and developing the resin film to
form a plurality of through-hole patterns in the resin
film,

a step (E4) for curing the resin film to form the cured film
having a transmittance for 5 um thickness of 80% or
more and 100% or less for light with a wavelength 450
nm,

a step (ES) for forming the metal wires on at least part of
the surface of the cured film and in the hole patterns in
the cured film, and

a step (E6) for arranging the light emitting elements on the
cured film while maintaining electric connection with
the metal wires.

22. A production method for a display as set forth in claim
21, wherein a step (E8) for irradiating the entire region of the
resin layer is provided after the step (E3) and before the step
(E4).

23. A production method for a display as set forth in claim
21, wherein the step (E2), step (E3), step (E4), and step (ES)
are carried out a plurality of times repeatedly to form a
plurality of cured film layers in which each cured film layer
contains metal wires.

24. A production method for a display as set forth in claim
21, wherein a step (E9) for forming partition walls with a
thickness equal to or larger than the thickness of the light
emitting elements is provided after the step (ES).

25. A production method for a display as set forth in claim
21, wherein a step (E10) for forming reflecting films on part
of the cured film is provided before the step (E6) and after
the step (ES).



