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1
ORIENTED FILM PRINTING PLATE AND
MANUFACTURING METHOD FOR LIQUID
CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

The present application claims priority from Japanese
Patent Application JP 2012-276435 filed on Dec. 19, 2012,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to a display device and more
particularly relates to a liquid crystal display device manu-
facturing method for forming an oriented film by flexographic
printing and allowing an increase of the yield of liquid crystal
display devices, and a printing plate used in the flexographic
printing.

2. Description of the Related Art

On a liquid crystal display panel used in a liquid crystal
display device, a TFT substrate and a counter substrate are
arranged. On the TFT substrate, pixels including pixel elec-
trodes, thin film transistors (TFTs) and so forth are formed in
a matrix. The counter substrate faces the TFT substrate and
has color filters and so forth formed at locations correspond-
ing to those of the pixel electrodes of the TFT substrate. A
liquid crystal is nipped and held between the TFT substrate
and the counter substrate. Then, an image is formed by con-
trolling the transmittance of light through liquid crystal mol-
ecules per pixel.

In the liquid crystal display device, the liquid crystal mol-
ecule is initially oriented by the oriented films formed on the
TFT substrate and the counter substrate, and the initially
oriented state of the liquid crystal molecule is changed with
an electric field which is formed between the pixel electrode
and a counter electrode by applying an image signal to the
pixel electrode, thereby controlling the quantity oflight trans-
mitted through the liquid crystal display panel. The direction
of the initial orientation of the liquid crystal molecule is
defined by performing a rubbing process or an optical orien-
tation process on the oriented film.

In formation of the oriented film, an organic liquid material
of apredetermined viscosity is applied onto the TFT substrate
or the counter substrate, for example, by flexographic printing
and thereafter a material of the oriented film is fired and
imidized to form the oriented film. The flexographic printing
of the oriented film is performed in the following manner.
That is, the material of the oriented film is dripped onto a
cylindrical anilox roll through an injection nozzle and then
the material of the oriented film is uniformly applied onto the
anilox roll using liquid spreading means (a doctor blade), and
the uniformly applied material is transferred to a printing
plate and then is printed from the printing plate onto the TFT
substrate or the counter substrate.

In Japanese Patent Laid-Open No. Hei 6-305117, there is
described a configuration that a variation in oriented film
thickness is reduced by making the planar shape of a pro-
truded part formed on an intersection of a lattice for retaining
an oriented film liquid supplied from an anilox roll not circu-
lar but cruciform.

In Japanese Patent laid-Open No. 2004-78222, there is
described a configuration that the density of protruded parts
to be formed in a halftone dot or a lattice point of a printing
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plate is made denser on the periphery than at the center in
order to prevent the thickness of the oriented film from
increasing on the periphery.

SUMMARY OF THE INVENTION

FIG. 8 is a plan view illustrating an example of an oriented
film print pattern 20 to be formed in numbers on a printing
plate and corresponding to each liquid crystal display device.
In FIG. 8, many protruded parts 21 are formed on the oriented
film print pattern 20 in order to retain an oriented film liquid.
The oriented film liquid is retained between the protruded
parts 21 and is transferred onto a mother substrate to form an
oriented film. FIG. 9 is an enlarged diagram of FIG. 8, exhib-
iting a planar shape approximating to the shape and the den-
sity of the protruded parts 21 on the actual oriented film print
pattern 20.

Wiping work is performed on the printing plate in order to
clean its surface before the oriented film is printed. Since the
printing plate is made of an elastic acrylic resin, its strength is
not sufficient and thus it has such a disadvantage that the
protruded part is peeled off and lost when the wiping work is
performed. The wiping work is performed from a direction of
an arrow in FIG. 8 or F1G. 9.

In the above-mentioned case, losing or peeling of the pro-
truded parts 21 is liable to occur particularly in the vicinity of
an end ofthe oriented film print pattern 20 from which wiping
is started. When the protruded part 21 is peeled off, the
peeled-off protruded part 21 causes a foreign material failure
(a failure caused by intrusion of a foreign material) to lead to
a reduction in yield of the liquid crystal display devices.

The wiping work is performed when printing of the ori-
ented film is started and is also performed before printing of
the oriented film is restarted after it is once suspended. Since
it becomes inevitable to perform the wiping work on the
oriented film print pattern simply by suspending the oriented
film printing work just for about 90 seconds, the frequency of
the wiping work is increased.

The present invention aims to prevent the protruded part 21
formed on the oriented film print pattern 20 from being lost or
peeled off by the wiping work in performing the wiping work
on the oriented film print pattern 20 so as to prevent occur-
rence of the foreign material failure in the liquid crystal
display device.

According to embodiments of the present invention, there
are provided an oriented film printing plate and a manufac-
turing method for liquid crystal display device in order to
overcome the above-mentioned disadvantage. Concrete mea-
sures are as follows.

(1) According to an embodiment of the present invention,
there is provided an oriented film printing plate that retains an
oriented film liquid supplied from an anilox roll and flexo-
graphically prints an oriented film on a substrate, wherein a
plurality of oriented film print patterns are formed on the
oriented film printing plate, each of the oriented film print
patterns includes protruded parts formed in a matrix and a
linear bank formed at least on one side of the periphery, and
diameters of the protruded parts are made smaller in a periph-
eral region than in a central region of the oriented film print
pattern and a space is formed between the protruded parts in
the peripheral region and the linear bank.

(2) In the oriented film printing plate described in (1), the
linear bank is formed on four sides including the above-
mentioned one side.

(3) In the oriented film printing plate described in (1) or (2),
d2/d1 is 20% to 70% where d1 is a diameter of the protruded
part in the central region of the oriented film print pattern and
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d2 is a diameter of the protruded part in the peripheral region
of the oriented film print pattern.

(4) In the oriented film printing plate described in (3),
d2/d11is 30% to 50% where d1 is the diameter of the protruded
part in the central region of the oriented film print pattern and
d2 is the diameter of the protruded part in the peripheral
region of the oriented film print pattern.

(5) According to an embodiment of the present invention,
there is provided a manufacturing method for a liquid crystal
display device which includes a TFT substrate including a
TFT, a pixel electrode and an oriented film and a counter
substrate including an oriented film and in which a liquid
crystal layer is nipped and held between the oriented film of
the TFT substrate and the oriented film of the counter sub-
strate, wherein the oriented film is formed by flexographic
printing, and the flexographic printing is performed by using
the oriented film printing plate described in (1), (2), (3) or (4).

According to the embodiments of the present invention,
since the linear bank is formed on at least one side of the
oriented film print pattern of the printing plate, it is allowed to
prevent the protruded parts in the peripheral region of the
oriented film print pattern from being lost and thus it is
allowed to prevent a reduction in manufacture yield of the
liquid crystal display devices caused by intrusion of foreign
materials.

In addition, according to the embodiments of the present
invention, since the diameters of the protruded parts are made
smaller in the peripheral region of the oriented film print
pattern than in the central region thereof and the space is
formed between the protruded parts in the peripheral region
and the linear bank, it is allowed to prevent the oriented film
thickness from becoming non-uniform due to the bank
formed on the periphery.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating an example of a
configuration of a flexographic printing system;

FIG. 2 a development view illustrating an example of an
oriented film printing plate;

FIG. 3 is a plan view illustrating an example of an oriented
film print pattern according to an embodiment 1 ofthe present
invention;

FIG. 4 is an enlarged diagram illustrating an example of the
oriented film print pattern according to Embodiment 1 of the
present invention;

FIG. 5 is a sectional diagram illustrating an example of the
oriented film print pattern according to Embodiment 1 of the
present invention;

FIG. 6 is a graph illustrating an example of grading of
diameters of protruded parts on the oriented film print pattern
according to Embodiment 1 of the present invention;

FIG. 7 is a plan view illustrating an example of an oriented
film print pattern according to an embodiment 2 of the present
invention;

FIG. 8 is a plan view illustrating an example of an oriented
film print pattern of related art; and

FIG. 9 is an enlarged diagram illustrating an example of the
oriented film print pattern of the related art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, the contents of the present invention will
be described in detail using preferred embodiments.

Embodiment 1

FIG. 1 is a schematic diagram illustrating an example of a
configuration of a flexographic printing system for an ori-
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ented film. In FIG. 1, an oriented film material 6 is dipped
onto an anilox roll 1 through an injection nozzle 5. The
injection nozzle 5 is scanned in an axial direction of the anilox
roll 1 so as to uniformly apply the oriented film material 6
onto the anilox roll 1. As the anilox roll 1 rotates, a doctor
blade 4 is swung in directions of arrows so as to more uni-
formly apply the oriented film material 6 onto the anilox roll
1.

The oriented film material 6 which has been applied onto
the anilox roll 1 is transferred to a printing plate 2 wound on
aplate cylinder 3 and then is transferred to a mother substrate
10, thereby printing an oriented film 200 onto the mother
substrate 10. The printing plate 2 transfers the oriented film to
the mother substrate 10 which is traveling in a direction of an
arrow while rotating in a direction of an arrow.

Here, the mother substrate 10 is a general term for a mother
TFT substrate with many TFT substrates formed or a mother
counter substrate with many counter substrates formed. As
illustrated in FIG. 1, many oriented films 200 are printed from
the printing plate 2 onto the mother substrate 10. The indi-
vidual oriented films 200 serve as the oriented films 200 of the
individual TFT substrates or the individual counter sub-
strates.

FIG. 2 is a development view illustrating an example of the
printing plate 2 before wound on the plate cylinder 3. In FIG.
2, many oriented film print patterns 20 are formed on the
printing plate 2. FIG. 3 is a detailed diagram illustrating an
example of each oriented film print pattern 20 in FIG. 2 and is
aplan view illustrating the characteristics of the oriented film
print pattern 20 according to the embodiment of the present
invention. In FIG. 3, a linear bank 22 is formed on the outer
side of one side of the oriented film print pattern 20.

Work of wiping the oriented film print pattern 20 which is
to be performed at an initial stage of oriented film printing
work or when the oriented film printing work is restarted after
once suspended is performed from a direction of an arrow in
FIG. 3. Since no strong force is applied onto the individual
protruded parts 21 within the oriented film print pattern 20
owing to presence of the linear bank 22, occurrence of a
phenomenon that the protruded parts 21 are peeled off by the
wiping work is avoided.

On the other hand, since the bank 22 is linearly formed, it
works strongly against peeling and is not lost by the wiping
work. Therefore, it is allowed to avoid the foreign material
failure by using the oriented film print pattern 20 according to
the embodiment of the present invention. However, formation
of the bank 22 leads to occurrence of thickness irregularity or
the like in the oriented film.

As a countermeasure against the above, according to the
embodiment of the present invention, thickness irregularity of
the oriented film is avoided by making the planar diameters of
the protruded parts 21 within the oriented film print pattern 20
smaller in the peripheral region than in the central region of
the oriented film print pattern 20 and leaving a space 23
between the bank 22 and the protruded parts 21. That is, since
the oriented film material (hereinafter, referred to as an ori-
ented film liquid) is not allowed to exist on the part of the bank
22 situated on the periphery of the oriented film print pattern
20, the thickness of the oriented film tends to be reduced in its
peripheral region.

As a countermeasure against the above, the diameters of
the protruded parts are made small in the peripheral region of
the oriented film print pattern 20. As a result, the area between
the protruded parts 21 in the peripheral region is increased
and thus it is allowed to increase the quantity of the oriented
film liquid to be retained. In addition, the space 23 is formed
between the protruded parts 21 and the linear bank 22 so as to
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retain the oriented film liquid in the space 23 and thus it is
allowed to increase the quantity of the oriented film liquid to
be applied onto the peripheral region of the oriented film. It is
allowed to avoid occurrence of such a phenomenon that the
thickness of the oriented film is reduced in the peripheral
region by such a configuration as mentioned above.

Here, although the space 23 between the protruded parts 21
which are formed in a matrix and the linear bank 22 is illus-
trated larger exaggeratedly in FI1G. 3 than it actually is, the
actual space 23 may be made smaller because it is formed in
order to retain the oriented film liquid therein. That is, it
means thatit is allowable that an interval of such an extent that
the protruded parts 21 are not contiguous to the linear bank 22
is present as the space.

FIG. 4 is an enlarged diagram approximating to the actual
shape of the oriented film print pattern 20 illustrated in FIG.
3. In FIG. 4, the diameters of the protruded parts are smaller
in the peripheral region than in a region in the vicinity of the
center. Therefore, the area between the protruded parts 21
becomes lager in the peripheral region than in the central
region and therefore it is allowed to retain more oriented film
liquid accordingly. The space 23 is present between an array
of the protruded parts 21 and the linear bank 22 and the
oriented film liquid is to be retained in that part. As mentioned
above, since the diameters of the protruded parts are made
smaller in the peripheral region and the space is left between
the linear bank 22 and the protruded parts 21 in the peripheral
region, it is allowed to avoid occurrence of the phenomenon
that the thickness of the oriented film is reduced in its periph-
eral region due to presence of the linear bank 22 and thus it is
allowed to form the oriented film of a uniform film thickness.

FIG. 5 is a sectional diagram illustrating an example of the
oriented film print pattern 20 according to the embodiment of
the present invention. In FIG. 5, the protruded parts 21 and/or
the bank 22 is formed on a base 25. The protruded parts 21
and/or the bank 22 is formed by applying a photosensitive
acrylic resin onto the base 25 and irradiating the photosensi-
tive resin with ultraviolet rays to make required parts
insoluble to a predetermined solution.

InFIG. 5, a diameter d1 of the protruded part in the vicinity
of the center of the oriented film print pattern 20 is smaller
than a diameter d2 of the protruded part 21 in its peripheral
region. Incidentally, the diameter of the protruded part 21
means the diameter of its upper part when it is tapered. The
diameter of the protruded part 21 in the vicinity of the center
is, for example, about 60 pm and the diameter of the protruded
part 21 in the peripheral region is, for example, about 25 pm.
d2/d1 which is a ratio of the diameter d2 of the protruded part
21 in the peripheral region to the diameter d1 of the protruded
part 21 in the central region is about 20% to 70% and more
preferably about 30% to 50%. There is no change in pitch
between the protruded parts 21 in the central region and the
peripheral region of the oriented film print pattern 20 and it s,
for example, about 20 pm.

The space 23 is present between the protruded parts 21 in
an outermost peripheral region and the bank 22. When the
oriented film is to be printed, the oriented film liquid is also
retained in this space 23. A width d3 of the bank 22 is, for
example, about 20 um. Since the bank 22 is linearly formed
even though the width d3 of the bank 22 is small as mentioned
above, resistance to wiping is strong and the bank 22 is not
lost in the wiping work.

On the other hand, a height h of the protruded part 21 is
constant in both of the region in the vicinity of the center and
the peripheral region of the oriented film print pattern 20 and
is, for example, about 20 pum. In addition, a height of the bank
22 formed on the periphery is the same as the height of the
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protruded part 21 because they are formed by exposing the
same photosensitive resin to light.

FIG. 6 is a graph illustrating an example of a change in
diameter of the protruded parts 21 formed on the oriented film
print pattern 20. In FIG. 6, a distance r (mm) measured from
the center of the oriented film print pattern 20 is plotted on the
horizontal axis and a diameter d (um) of the protruded part 21
defined in FIG. 5 is plotted on the vertical axis. In the example
in FIG. 6, the diameters of the protruded parts 21 are fixed to
about 60 um in a region of a length of about 20 mm measured
from the center toward the periphery and the diameters of the
protruded parts 21 are graded in a region pr on the outer side
of the 20-mm length region, that is, the diameters of the
protruded parts 21 are reduced from, for example, about 60
um to about 25 um in the region pr. The length of the region
pr is about 0.1 mm to 0.4 mm.

That is, the diameters of the protruded parts 21 are almost
fixed in the central region of the oriented film print pattern 20
and are changed to about 40% of the diameters of those in its
central region in its extreme peripheral region. The reason is
such that the influence of the presence of'the linear bank 22 on
the film thickness of the oriented film reaches only the
extreme peripheral region of the oriented film print pattern
20.

Embodiment 2

In Embodiment 1, a case that wiping of the oriented film
print pattern 20 is performed only from one direction as
illustrated in FIG. 3 has been described. However, in an actual
device, in some cases it is desirable to configure so as to
perform wiping of the oriented film print pattern 20 from any
direction. FI1G. 7 illustrates an example of the oriented film
print pattern 20 coping with the above-mentioned case. In
FIG. 7, the linear bank 22 is formed so as to surround the
oriented film print pattern 20 including the protruded parts 21.
The space 23 is formed between the bank 22 and the pro-
truded parts 21. Although the space 23 is exaggeratedly illus-
trated in F1G. 7, it is allowable that a space of an extent that the
protruded parts 21 are not formed contiguously to the bank 22
is left in reality.

In FIG. 7, the diameters of the protruded parts 21 are made
larger in the region in the vicinity of the center and smaller in
the peripheral region. A way of changing the diameters of the
protruded parts 21 is the same as that in FIG. 5 and FIG. 6 of
Embodiment 1. That is, Embodiment 2 is different from
Embodiment 1 only in that in Embodiment 1, the diameters of
the protruded parts 21 are changed from the center of the
oriented film print pattern only in one direction, while in
Embodiment 2, they are changed in four directions.

That is, since the diameters of the protruded parts 21 are
changed in order to take measures to occurrence of the phe-
nomenon that the oriented film is thinned in its peripheral
region due to formation of the linear bank 22 on the periphery,
a region where the diameters of the protruded parts are made
small may be within the range of the peripheral region pr, that
is, within the range of about 0.1 mm to 0.4 mm. In addition,
the reason why the space 23 is formed on each side is also the
same as that described in Embodiment 1.

As described above, according to Embodiment 2 of the
present invention, since it is allowed to perform the wiping
work to be performed at the initial stage of the oriented film
printing process or when the printing work is restarted after
once suspended from any direction of the printed film print
pattern, it is allowed to improve working efficiency.
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What is claimed is:

1. An oriented film printing plate that retains an oriented
film liquid supplied from an anilox roll and flexographically
prints an oriented film on a substrate,

wherein

a plurality of oriented film print patterns are formed on
the oriented film printing plate,

each of the oriented film print patterns includes pro-
truded parts formed in a matrix and a linear bank
formed at least on one side of the periphery,

diameters of the protruded parts are made smaller in a
peripheral region than in a central region of the ori-
ented film print pattern and a space is formed between
the protruded parts in the peripheral region and the
linear bank, and

a pitch of the protruded parts in the central region is the
same as a pitch ofthe protruded parts in the peripheral
region of the oriented film print pattern.

2. The oriented film printing plate according to claim 1,
wherein the linear bank is formed on four sides including the
one side.

3. The oriented film printing plate according to claim 1,
wherein d2/d1 is 20% to 70% where d1 is a diameter of the
protruded part in the central region of the oriented film print
pattern and d2 is a diameter of the protruded part in the
peripheral region of the oriented film print pattern.

4. The oriented film printing plate according to claim 2,
wherein d2/d1 is 20% to 70% where d1 is a diameter of the
protruded part in the central region of the oriented film print
pattern and d2 is a diameter of the protruded part in the
peripheral region of the oriented film print pattern.

5. The oriented film printing plate according to claim 3,
wherein d2/d1 is 30% to 50% where d1 is the diameter of the
protruded part in the central region of the oriented film print
pattern and d2 is the diameter of the protruded part in the
peripheral region of the oriented film print pattern.

6. The oriented film printing plate according to claim 4,
wherein d2/d1 is 30% to 50% where d1 is the diameter of the
protruded part in the central region of the oriented film print
pattern and d2 is the diameter of the protruded part in the
peripheral region of the oriented film print pattern.

7. A manufacturing method for a liquid crystal display
device which includes a TFT substrate including a TFT, a
pixel electrode and an oriented film and a counter substrate
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including an oriented film and in which a liquid crystal layer
is nipped and held between the oriented film of the TFT
substrate and the oriented film of the counter substrate,

wherein the oriented film is formed by flexographic print-

ing, and

the flexographic printing is performed by using the ori-

ented film printing plate according to claim 1.

8. A manufacturing method for a liquid crystal display
device which includes a TFT substrate including a TFT, a
pixel electrode and an oriented film and a counter substrate
including an oriented film and in which a liquid crystal layer
is nipped and held between the oriented film of the TFT
substrate and the oriented film of the counter substrate,

wherein the oriented film is formed by flexographic print-

ing, and

the flexographic printing is performed by using the ori-

ented film printing plate according to claim 2.

9. A manufacturing method for a liquid crystal display
device which includes a TFT substrate including a TFT, a
pixel electrode and an oriented film and a counter substrate
including an oriented film and in which a liquid crystal layer
is nipped and held between the oriented film of the TFT
substrate and the oriented film of the counter substrate,

wherein the oriented film is formed by flexographic print-

ing, and

the flexographic printing is performed by using the ori-

ented film printing plate according to claim 3.

10. The oriented film printing plate according to claim 1,
wherein the protruded parts of the oriented film print pattern
in the peripheral region are configured to retain more oriented
film liquid than the protruded parts of the oriented film print
pattern in the central region.

11. The oriented film printing plate according to claim 1,
wherein a height of the protruded parts in the central region of
the oriented film print pattern is substantially the same as a
height of the protruded parts in the peripheral region of the
oriented film print pattern.

12. The oriented film printing plate according to claim 1,
wherein a height of the protruded parts is substantially the
same as a height of the linear bank.
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