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(57) ABSTRACT

In a liquid-crystal display element each individual liquid-
crystal injection area is surrounded by a seal, and the overall
liquid-crystal injection area is surrounded by an array sub-
strate and an opposing substrate surrounded by an outer
peripheral seal having an aperture and are adhered together,
the aperture of the outer peripheral seal being sealed by a
hole sealant, and the surface of at least one of the array
substrate and the opposing substrate being polished with a
polishing material, which is then removed, after which
cutting along the aperture is done to separate the individual
liquid-crystal injection areas, thereby facilitating the
achievement of a thin liquid-crystal display element, while
improving the quality and yield thereof.
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Fig. 2
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Fig6
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METHOD OF MANUFACTURING A
LIQUID-CRYSTAL DISPLAY ELEMENT

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application is a division of application Ser.
No. 09/621,460, filed Jul. 21, 2000, now pending, and based
on Japanese Patent Application No. 11-208450 filed Jul. 23,
1999, by Hirofumi Kamosawa and Takeya Shimizu. This
application claims only subject matter disclosed in the
parent application and therefore presents no new matter.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid-crystal
display element suitable for a thin display having a pair of
thin glass substrates, and to a method for manufacturing
such a liquid-crystal display element.

[0004] 2. Description about the ¢ Related Art

[0005] In liquid-crystal display elements used in displays
for notebook personal computers and portable information
terminals, in order to achieve a thin and light design, one
essential element is to make the thickness of the pair of glass
substrates of the liquid-crystal display element thin.

[0006] In order to make the thickness of the pair of glass
substrates thin, as disclosed, for example, in the Japanese
Unexamined Patent Publication (KOKAI) No. 5-61011, a
liquid-crystal display element is formed by the process
illustrated in FIG. 6.

[0007] Specifically, after affixing together an array sub-
strate 10 and an opposing substrate 11, which are the pair of
glass substrates, at least one of the array substrate 10 and the
opposing substrate 11 is polished (steps 501 and 502). Next,
after cutting the array substrate 10 and the opposing sub-
strate 11, a liquid crystal is injected between the array
substrate 10 and the opposing substrate 11. The resulting
structure is sealed, and a polarizer is affixed thereto (steps
503 to 506).

[0008] The grain diameter used as a polishing material for
polishing at least one of the array substrate 10 and the
opposing substrate 11 is approximately 1 to 2 um.

[0009] For this reason, the polishing material intruded into
the space (5 to 6 um) between the array substrate 10 and the
opposing substrate 11, thereby causing failures due to this
foreign matter, which lowers the display quality and yield of
the liquid-crystal display elements.

[0010] Given the above, in order to solve the above-noted
problem, in the Japanese Unexamined Patent Publications
(KOKAI) Nos. 5-249422, 5-249423, and 4-116619, for
example, the is disclosure of technology wherein, as shown
in FIG. 7, when adhering together the array substrate and the
opposing substrate, the liquid crystal injection region of the
liquid-crystal display element area is surrounded by a seal
12, and further wherein the entire liquid-crystal display
element area is surrounded by an outer peripheral seal 18,
after which the hole is sealed by a hole sealant 20.

[0011] In this type of technology, because the overall
liquid-crystal display element area is surrounded by an outer
peripheral seal 18, in the above-noted case of performing

1. Field of the Invention
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polishing, intrusion of foreign matter into the space (5 to 6
um) between the array substrate 10 and the opposing sub-
strate 11 is prevented.

[0012] In the above-noted technology, however, in a
method of surrounding the overall liquid-crystal display
element arca with the outer peripheral seal 18, when cutting
apart the individual liquid-crystal display elements the outer
peripheral shield 18 is also cut.

[0013] For this reason, because the stress on the pair of
glass substrates is different between a part at which the outer
peripheral seal 18 is cut and a part at which the outer
peripheral seal 18 is not cut, improper cutting results when
scribing and breaking the substrates.

[0014] When the above-noted types of problems occur,
polishing material intrudes between the space between the
outer peripheral seal 18 and the pair of glass substrates,
thereby contaminating the manufacturing apparatus.

[0015] If the manufacturing apparatus becomes contami-
nated in this manner, polishing material can intrude into the
liquid-crystal display element when the liquid crystal is
injected, leading to improper liquid crystal orientation and
faulty operation, such as the proper voltage not being
applied across the liquid crystal, thereby causing a display
failure and a drop in yield.

[0016] Accordingly, it is an object of the present inven-
tion, in consideration of the above-noted problems, to pro-
vide a liquid-crystal display element and a method for
manufacturing a liquid-crystal display element wherein the
achievement of thinness is facilitated and it is possible to
achieve an improvement in yield and quality.

SUMMARY OF THE INVENTION

[0017] In order to achieve the above-noted object, the
present invention has the following basic technical consti-
tution.

[0018] Specifically, in a liquid-crystal display element
according to one aspect of the present invention, an array
substrate on which a plurality of liquid-crystal injection
areas are arranged and each liquid-crystal injection area is
surrounded by a seal having an aperture and the overall
liquid-crystal injection areas being surrounded by an outer
peripheral seal having an aperture, and an opposing sub-
strate are adhered together, the aperture of the outer periph-
eral seal being sealed by a hole sealant, and a surface of at
least one of the array substrate and the opposing substrate
being polished with a polishing material, and thereafter, an
end portion of at least either one of the array substrate and
the opposing substrate being polished with end polishing
operation so as to remove residual polishing material there-
from, after which cutting plurality of liquid-crystal injection
areas along lines as formed between the opposite the aper-
ture holes so as to separate individual liquid-crystal injection
areas.

[0019] In this aspect of the present invention, a plurality of
the apertures of the outer peripheral seal are provided along
the outer peripheral seal and at crossing points each being
formed between the outer peripheral seal and a line along
which the individual liquid-crystal injection areas are cut
apart.
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[0020] In this aspect of the present invention, it is possible
to inject liquid crystal into each individual injection area,
seal the areas, and adhere polarizers after the individual
liquid crystal injection areas are separated.

[0021] The seal and outer peripheral seals can be made of
an epoxy resin, the hole sealant can be a UV-curing acrylic
resin, and the polishing material can be an alumina polishing
material.

[0022] A method for manufacturing a liquid-crystal dis-
play element according to another aspect of the present
invention comprising, a first step of forming a plurality of
liquid-crystal injection areas surrounded with a seal on an
array substrate, a second step of adhering the array substrate
on which overall the liquid-crystal injection areas being
surrounded by an outer peripheral seal having an aperture
and an opposing substrate, a third step of sealing the aperture
of the outer peripheral seal using a hole sealant, a fourth step
of polishing a surface of at least one of the array substrate
and the opposing substrate using a polishing material, a fifth
step of polishing an end surface of at least one of the array
substrate and the opposing substrate, using a polishing
material and removing the polishing material, and a sixth
step of cutting the liquid-crystal injection areas along a
virtual lines each formed between the apertures each pro-
vided on two of the outer peripheral seals, respectively, and
each of the outer peripheral seals being oppositely arranged
to each other.

[0023] The second step thereabout can include a seventh
step of providing a plurality of the apertures being provided
along each one of the outer peripheral seals and at crossing
points each being formed between the outer peripheral seal
and a virtual line along which the individual liquid-crystal
injection areas would thereafter be cut apart.

[0024] The sixth step can include an eighth step of inject-
ing liquid crystal into each liquid-crystal injection area,
sealing the hole, and adhering a polarizer.

[0025] The first step can include a ninth step of forming a
seal using an epoxy resin, the second step can include a tenth
step of forming an outer peripheral seal using an epoxy
resin, and the third step can include an eleventh step of
forming a hole sealant with a UV-curing acrylic resin.

[0026] The fourth step can include a twelfth step of
performing polishing using an alumina polishing material, a
thirteenth step of performing lapping, and a fourteenth step
of performing final polishing, and the fifth step can include
a fifteenth step of chamfering the polished end surface.

[0027] Inaliquid-crystal display element and a method for
manufacturing a liquid-crystal display element according to
the present invention, an array substrate on which a plurality
of liquid-crystal injection areas surrounded with a seal and
the overall liquid-crystal injection areas being surrounded by
an outer peripheral seal are provided and an opposing
substrate are adhered together, the aperture of the outer
peripheral seal being sealed by a hole sealant, and the
surface of at least one of a surface of the array substrate and
the opposing substrate being polished with a polishing
material and further an end portion thereof is also polished
so that the polishing material is removed, after which cutting
along the aperture is done to separate the individual liquid-
crystal injection areas.

Nov. 25, 2004

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a cross-sectional view showing an
embodiment of a liquid-crystal display element according to
the present invention.

[0029] FIG. 2 is a process diagram showing the manu-
facturing process for the liquid-crystal display element of
FIG. 1.

[0030] FIG. 3 is a plan view showing the pattern con-
struction of FIG. 1.

[0031] FIG. 4 is a cross-sectional view along the direction
A-A' indicated in FIG. 3.

[0032] FIG. 5 is a cross-sectional view along the direction
B-B' indicated in FIG. 3.

[0033] FIG. 6 is a process diagram showing the manu-
facturing process for a liquid-crystal display element of the
past.

[0034] FIG. 7 is a plan view with a partial cutaway of a
liquid-crystal display element manufacturing by the manu-
facturing method of FIG. 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] Embodiments of the present invention are
described in detail below, with references made to relevant
accompanying drawings.

[0036] FIG. 1 is a cross-sectional view showing an
embodiment of a liquid-crystal display element according to
the present invention, FIG. 2 is a process diagram showing
a method for manufacturing the liquid-crystal display ele-
ment of FIG. 1, FIG. 3 is a plan view of the pattern structure
of the seal of FIG. 1, FIG. 4 is an A-A' cross-sectional view
of FIG. 3, and FIG. 5 is a B-B' cross-sectional view of FIG.
3.

[0037] The liquid-crystal display element shown in FIG.
1 is made up of an oriented array substrate 10 and an

opposing array 11, which are adhered by an epoxy resin seal
12.

[0038] Spacers 14 (only one of which is shown) are
disposed between the array substrate 10 and the opposing
substrate 11 so as to maintain a uniform panel gap therebe-
tween.

[0039] A liquid crystal 15 is sandwiched by the array
substrate 10 and the opposing substrate 11. A polarizer 16 is
adhered to the outer surface of the array substrate 10 and the
opposing substrate 11.

[0040] In this case, a liquid crystal injection hole 17, to be
described below, is provided in the seal 12.

[0041] After injecting the liquid crystal from the liquid
crystal injection hole 17, the liquid crystal injection hole 17
is sealed by an acrylic resin, thereby holding the liquid
crystal 15 therewithin. In these drawings, the reference
numeral 13 denotes an orientation material, and 22 denotes
color filters.
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[0042] A liquid-crystal display element such as described
above is manufactured as follows.

[0043] Specifically, as shown in FIG. 2, an array substrate
10 formed by performing a prescribed orientation operation
and seal patterning and an opposing substrate 11 that is
oriented and is treated so that a uniform panel gap is
maintained are adhered together (step 201).

[0044] Next, after hole sealing so that polishing material is
not introduced between the array substrate 10 and the
opposing substrate 11, which are two glass substrates, the
surface of at least one of the glass substrates is polished, and
then the end surface is also polished, so as to make the
thickness of the two glass substrates small (steps 202 to

204).

[0045] After the above, the individual liquid-crystal dis-
play elements are cut apart, the liquid crystal is injected into
the element, the holes are sealed, and the polarizers are
adhered, thereby completing the liquid-crystal display ele-
ments (steps 205 to 208).

[0046] The seal pattern structure is shown in FIG. 3 to
FIG. 5.
[0047] A pattern for seals 12 which are provided liquid

crystal injection holes 17, corresponding to each individual
liquid-crystal display element, and a pattern for an outer
peripheral seal 18 for preventing the intrusion of polishing
material at the outer periphery are formed on the array
substrate 10.

[0048] The seal material for the seal 12 and the outer
peripheral seal 18 is an epoxy resin. The outer peripheral
seal 18 is provided with a number of apertures 19 corre-
sponding to the number of liquid-crystal display elements to
be separated, on the virtual line along which they are to be
cut apart.

[0049] The array substrate 10 and the opposing substrate
11, onto which is distributed the spacers 14, which maintain
the panel gap uniformly, are adhered by heat treating at a
temperature of 160° C,, so as to harden the seal 12 and the
outer peripheral seal 18.

[0050] When the above is done, because the apertures 19
of the outer peripheral seal 18 maintains the air pressures
inside and outside the outer peripheral seal 18 at the same
pressure, breakage of the seal pattern does not occur. Next,
a hole sealant 20 made of a UV-curing acrylic resin is used
to seal the apertures 19, this being subjected to UV radiation
to harden the resin.

[0051] After the above, the surface of at least one of the
two adhered glass substrates is polished. The polishing is
done using an alumina-based polishing material with a grit
diameter of approximately 10 um and, after lapping the
panel thickness down from 1.4 mm to approximately 1.05
mm, a cerium oxide based polishing material having a grain
diameter of approximately 1 gm is used to perform polishing
down to a panel thickness of approximately 1.0 mm.

[0052] The polishing force used is approximately 150 to
200 g/cm®, and a water washing is done after polishing.

[0053] Next, in order to remove polishing material from
the end parts of the two glass substrates, the end surfaces are
polished. When this is done, as shown in FIG. 4 and FIG.
5, the end surfaces are processed so as to achieve a curved
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surface thereat, with the two glass substrates adhered
together. After polishing the end surfaces, water washing is
done.

[0054] In a liquid-crystal display element formed as
described above, the pattern structure of the outer peripheral
seal 18 is such that there is no intrusion of polishing
material, and also so that apertures 19 are provided on
extensions of the lines along which the individual liquid-
crystal display element are cut apart.

[0055] Thus, by performing end surface polishing, there is
total prevention of introduction of the polishing material 21
into the next process step, and also prevention of bad cutting
at the cutting process step.

[0056] This is described below in further detail, with
reference made to FIG. 4 and FIG. 5.

[0057] FIG. 4 shows the condition in which the remaining
polishing material 21 is removed by end polishing. By
removing the remaining polishing material, it is not intro-
duced into the next process step, so that it does not con-
taminate the manufacturing apparatus in subsequent steps.

[0058] Also prevented are problems such as polishing
material 21 being intruding between the glass substrates
(FIG. 1) so as to cause poor orientation or prevent proper
application of voltage across the liquid crystal 15.

[0059] When the cutting apart is done, the hole sealant 20
on the line along the cutting line B-B' of FIG. 3 is traversed
in making the cut. Because the hole sealant 20, in contrast
to the epoxy resin used in the outer peripheral seal 18, is a
soft acrylic resin, there is no particular stress applied to the
glass substrates when the cutting is done, so undesirable
scribing and breaking are prevented.

[0060] In this embodiment of the present invention, there-
fore, each liquid-crystal injection area is surrounded by a
seal 12, and the overall liquid-crystal injection area is
surrounded by an array substrate 10 and an opposing sub-
strate 11 surrounded by an outer peripheral seal 18 having
apertures 19. The apertures 19 of the outer peripheral seal 18
are sealed by a hole sealant 20, and the surface of at least on
of the array substrate 10 and the opposing substrate 11 are
polished with a polishing material 21, which is then
removed, after which cutting along the apertures is done to
separate the individual liquid-crystal injection areas. Using
this method one eliminatres residual polishing material 21
caused by bad cutting, thereby facilitating the achievement
of a thin liquid-crystal display element and improving the
yield and the quality thereof.

[0061] Although the above-noted embodiment of the
present invention was described for the example in which
the thicknesses of the array substrate 10 and opposing
substrate 11, which are glass substrates, is made thin by
polishing, it will be readily understood that the present
invention is not restricted in this manner, and can be applied
as well to a case in which, for example, the thickness of the
array substrate 10 and the opposing substrate 11 is made thin
by etching.

[0062] Additionally, it will be understood that the liquid-
crystal display element of the present invention is not
restricted to an active matrix array such as a TFT or MIM
type, but can also be applied to a liquid-crystal display using
a drive method such as that of a simple matrix display or a
segment display as well.
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[0063] A separate embodiment of the present invention
from those as mentioned above, will be explained hereunder
with reference to FIGS. 3 to 5.

[0064] In this embodiment, a liquid-crystal display ele-
ment array is provided and as shown in FIG. 3, the liquid-
crystal display element array of this embodiment comprises
an array substrate 10 and an opposing substrate 11 and a
plurality of liquid-crystal injection areas 30, each being
surrounded by a seal 12 having an aperture 17 and the an
overall liquid-crystal injection areas 30 being further sur-
rounded by an outer peripheral seal 18 having apertures 19
sealed with a hole sealant 20, both of which being formed
between the array substrate 10 and the opposing substrate
11, wherein at least a surface of either one of the array
substrate and the opposing substrate is polished and at least
an end portion of either one of the array substrate and the
opposing substrate is polished, and further wherein a plu-
rality of the apertures 19 are provided along each one of the
outer peripheral seals 18-1 to 18-4 and at crossing points P
each being formed between the outer peripheral seal 18 and
a virtual line 40 along which the individual liquid-crystal
injection areas 30 would thereafter be cut apart.

[0065] Inthisembodiment, the end portion of either one of
the array substrate and the opposing substrate has a tapered
configuration.

[0066] According to the liquid-crystal display element and
method for manufacturing a liquid-crystal display element
according to the present invention as described in detail
above, by adopting a constitution in which each liquid-
crystal injection area is surrounded by a seal, and the overall
liquid-crystal injection area is surrounded by an array sub-
strate and an opposing substrate surrounded by an outer
peripheral seal having an aperture and are adhered together,
the aperture of the outer peripheral seal being sealed by a
hole sealant, and the surface of at least one of the array
substrate and the opposing substrate being polished with a
polishing material, which is then removed, after which
cutting along the aperture is done to separate the individual
liquid-crystal injection areas, the achievement of a thin
liquid-crystal display element is facilitated, and it is possible
to improve both liquid-crystal display element quality and
yield.

What is claimed is:
1. A method for manufacturing a liquid-crystal display
element comprising:

a first step of forming a plurality of liquid-crystal injection
areas surrounded with a seal on an array substrate;

a second step of adhering said array substrate on which
overall said liquid-crystal injection areas being sur-
rounded by an outer peripheral seal having an aperture
and an opposing substrate;
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a third step of sealing said aperture of said outer periph-
eral seal using a hole sealant;

a fourth step of polishing a surface of at least one of said
array substrate and said opposing substrate using a
polishing material;

a fifth step of polishing an end surface of at least one of
said array substrate and said opposing substrate, using
a polishing material and removing said polishing mate-
rial; and

a sixth step of cutting said liquid-crystal injection areas
along a virtual lines each formed between said aper-
tures each provided on two of said outer peripheral
seals, respectively, and each of said outer peripheral
scals being oppositely arranged to each other.

2. A method for manufacturing a liquid-crystal display
element according to claim 1, wherein said second step
includes a seventh step of providing a plurality of said
apertures being provided along each one of said outer
peripheral seals and at crossing points each being formed
between said outer peripheral seal and a virtual line along
which said individual liquid-crystal injection areas would
thereafter be cut apart.

3. A method for manufacturing a liquid-crystal display
element according to claim 1, wherein said sixth step
includes an eighth step of injecting liquid crystal into each
said liquid-crystal injection area, sealing said hole, and
adhering a polarizer.

4. A method for manufacturing a liquid-crystal display
element according to claim 1, wherein:

said first step includes a ninth step of forming a seal using
an epoxy resin;

said second step includes a tenth step of forming an outer
peripheral scal using an epoxy resin; and

said third step includes an eleventh step of forming a hole
sealant with a UV-curing acrylic resin.

5. A method for manufacturing a liquid-crystal display
element according to claim 1, wherein said fourth step
includes:

a twelfth step of performing polishing using an alumina
polishing material;

a thirteenth step of performing lapping; and
a fourteenth step of performing final polishing,

and wherein said fifth step includes a fifteenth step of
chamfering the polished end surface.
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