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A liquid-crystal display, including a first substrate including a
pixel electrode, a black matrix, and a plurality of metal traces
disposed thereon. A second substrate includes an opposite
electrode, a light-shielding layer disposed in a shielding area,
and the light-shielding layer being adjacent to a side of a
display area. A sealant adherently secures the first substrate
and the second substrate, which is disposed in a sealant dis-
pensing area and surrounding a side of the light-shielding
layer, wherein the sealant dispensing area is in the shielding
area. A liquid-crystal layer is interposed between the first
substrate and the second substrate and surrounded and sealed
by the sealant. A color filter is disposed on the first substrate,
wherein the light-shielding layer includes ablack photoresist,
and the light-shielding layer overlaps the sealant dispensing

area.
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LIQUID-CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of pending U.S.
application Ser. No. 13/924,978, filed on Jun. 24, 2013 and
entitled “Liquid-crystal display”, which claims Taiwan
Patent Application No. 101123393, filed on Jun. 29, 2012, the
entirety of which is incorporated by reference herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a display device.

More particularly, the present disclosure relates to a liquid-
crystal display which may have a narrow border.

[0004] 2. Description of the Related Art

[0005] Liquid-crystal display (LCD) technology has been
fully developed to replace the conventional cathode ray tube
(CRT) imaging technology, and is widely used in various
electronic products. Typically, an LCD may have a substrate
and an opposite substrate with a liquid-crystal layer is inter-
posed therebetween. The liquid-crystal layer may be sealed
by a sealant. The sealant may be an adhesive material to
adherently secure the substrate with the opposite substrate.
The adhesive material is usually optical glue which is able to
be cured by irradiation.

[0006] TheLCD usually comprises a display area for imag-
ing and a shielding area functioning as a border. The border is
covered by a frame in the final product of the LCD. The
shielding area may include a light-shielding layer for shield-
ing metal traces and preventing light leakage from the display
area and provide an area for coating the sealant. In typical, the
light-shielding layer and the metal traces are formed on dif-
ferent substrates. With continuous development in LCD and
semiconductor technology, the width of metal traces and
pitches therebetween are continuously shrinking. Light irra-
diation is therefore difficult to penetrate the metal traces to
cure the sealant. Therefore, the sealant can only be cured by
light irradiation from another substrate, but the light-shield-
ing layer on the another substrate may also hinder the curing
of the sealant,

[0007] New LCD trends include having a narrow frame for
aesthetics while increasing the display area under the same
size of the LCD. To achieve the design requirements of the
narrow frame, a narrow border is needed. However, the nar-
row border means that the available width of the shielding
area is reduced. As such, the sealant cannot be completely
cured by receiving enough light irradiation if the width of the
light-shielding layer is not reduced with the shielding area.
Alternatively, the light-shielding layer cannot effectively
reflect the light leakage from the display area back if the width
of the light-shielding layer is also reduced with the shielding
area.

[0008] Thus, it is achallenge to completely cure the sealant
while effectively preventing light leakage and sufficiently
masking the plurality of metal traces with a narrow border
design. In other words, it needs a novel LCD with a narrow
border design, in which the sealant is completely cured, and
the light leakage and insufficient masking problems are
solved.
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BRIEF SUMMARY

[0009] By reducing the total light transmittance of the seal-
ant dispensing area, a novel LCD with a narrow border design
is provided, in which the sealant is completely cured, and the
light leakage and insufficient masking problems are solved.
[0010] The present disclosure provides a liquid-crystal dis-
play, including: a display area; and a shielding area surround-
ing the display area, wherein the shielding area includes: a
light-shielding layer adjacent to a side of the display area; and
a sealant dispensing area adjacent to a side of the light-
shielding layer opposite to the display area, wherein the
shielding area has a total light transmittance of less than or
substantially equal to 50% and greater than 0.

[0011] The present disclosure also provides a liquid-crystal
display, including a display area and a shielding area sur-
rounding the display area, wherein the shielding area has a
total transmittance of equal to or less than about 50% and
greater than 0, the liquid-crystal display including: a first
substrate including a pixel electrode and a plurality of metal
traces disposed thereon, wherein the pixel electrode is dis-
posed in the display area, and the plurality of metal traces are
disposed in the shielding area and connected to the pixel
electrode; a second substrate including a light-shielding layer
and an opposite electrode disposed thereon, wherein the light-
shielding layer is disposed in the shielding area and adjacent
to a side of the display area; a sealant, adhering the first
substrate and the second substrate, disposed in a sealant dis-
pensing area and surrounding a side of light-shielding layer
opposite to the display area, wherein the sealant dispensing
area 1s in the shielding area; and a liquid-crystal layer inter-
posed between the first substrate and the second substrate and
surrounded and sealed by the sealant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The disclosure will now be described, by way of
example, with reference to the accompanying drawings, in
which:

[0013] FIG. 1 shows is a top view of an LCD according to
an embodiment of the present disclosure.

[0014] FIGS. 2-4 show cross-sectional views of LCDs
according to embodiments of the present disclosure.

DETAILED DESCRIPTION

[0015] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. For
example, the formation ofa first feature over, above, below, or
on a second feature in the description that follows may
include embodiments in which the first and second features
are formed in direct contact, and may also include embodi-
ments in which additional features may be formed between
the first and second features, such that the first and second
features may not be in direct contact. The scope of the inven-
tion is best determined by reference to the appended claims.
[0016] Referring to FIG. 1, illustrated is a top view of an
LCD 100 according to an embodiment of the present disclo-
sure. As shown in FIG. 1, the LCD 100 may have a display
area 71 and a shielding area Z2 surrounding the display area
71. The shielding area Z2 may comprise a light-shielding
layer 114 and a sealant dispensing area 110A. The shielding
area 72 may have a total light transmittance of less than about
50% and greater than 0. The light-shielding layer 114 may be
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adjacent to and surround the display area Z1. In various
embodiments of the present disclosure, the light-shielding
layer 114 may be defined as a layer formed of a light-shield-
ing material which may block light such that the light pen-
etration cannot be observed by the user’s naked eyes. For
example, the light-shielding layer 114 may have an optical
density of greater than about 3.5. The sealant dispensing area
110A may surround a side of the light-shielding layer 114
opposite to the display area Z1. Sealant may be applied to the
sealant dispensing area 110A. The sealant and a substrate
may have a contacting width substantially equal to the width
of the sealant area 110A. In an embodiment, the sealant
dispensing area 110A may further comprise other materials
able to reduce the light transmittance, such as color filters of
various colors, photoresists having mechanical support func-
tions, non-transparent metal layers, or etc.

[0017] The sealant dispensing area 110A may have a total
light transmittance of less than or substantially equal to the
light transmittance of the light-shielding layer 114. For
example, in an embodiment, various materials (including the
sealant) in the sealant dispensing area 110A may have a total
light transmittance of less than or equal to about 50% and
greater than 0, or may have a total light absorption of about
50% to 100% of that of the light-shielding layer 114. In
addition, the light-shielding layer 114 and the sealant dis-
pensing area 110A may have a total width of less than about
5 mm, for meeting the current requirements of the narrow
border. Note that the total width of the light-shielding layer
and the sealant dispensing area described above is merely an
embodiment for illustration, one skilled in the art would make
suitable changes according to the techniques at the time.
[0018] Accordingly, by reducing the total light transmit-
tance of the various materials in the sealant dispensing area,
the light leakage and insufficient masking problems resulting
from the narrowed width of the light-shielding layer would be
solved. In addition, the sealant itself may have a sufficiently
large area to receive the light irradiation and provide enough
adhesion. The reliability of the sealant as well as the reliabil-
ity of the LCD can be improved.

[0019] Referring to FIG. 2, illustrated is a cross-sectional
view of an LCD 200 according to an embodiment of the
present disclosure. Reference may be made to FIG. 1 for top
view of the LCD 200. For example, the LCD 200 may have a
display area Z1 and a shielding area Z2 surrounding the
display area 71.

[0020] The LCD 200 may comprise a first substrate 202, a
second substrate 204 and a liquid-crystal layer 206. The sec-
ond substrate 204 and the first substrate 202 may be oppo-
sitely disposed and are adherently secured by sealant 210.
The liquid-crystal layer 206 may be interposed between the
first substrate 202 and the second substrate 204. The sealant
210 may surround the perimeter of liquid-crystal layer 206
for sealing the liquid-crystal layer 206. In an embodiment, the
first substrate may be a thin-film transistor (TFT) array sub-
strate, comprising an electrode 230, at least one TFT 232 and
a plurality of metal traces 218 disposed on a glass substrate.
The electrode 230 and the least one TFT 232 each may have
at least a portion located inside the display area Z1. The
electrode 230 may be a pixel electrode. The pixel electrode
may be a transparent electrode layer including indium tin
oxide (ITO), indium zinc oxide (IZO) or aluminum zinc oxide
(AZ0). The plurality of metal traces 218 may be disposed in
the shielding area Z2. The plurality of metal traces 218 may
electrically connect the various components, such as the elec-
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trode 230, in the display area Z1 to outer circuits such as the
input/output. The plurality of metal traces 218 may be formed
of metal or any other conductive materials.

[0021] The second substrate 204 may comprise a color
filter 206 and an opposite electrode 244 disposed on a glass
substrate. The color filter 242 may be disposed in the display
area 71 and correspond to the pixel electrode 230 on the first
substrate 202. In some embodiments, a black matrix 246 may
be disposed between the color filters 242 of different colors.
The opposite electrode 244 may conformally cover the color
filter 242. In an embodiment, the light-shielding layer 214
may be disposed on the second substrate 204 and in the
shielding area 72 with adjacent to and surrounding the dis-
play area 71. In some embodiments, the light-shielding layer
214 may have a width of less than about 5 mm and have a
thickness of less than about 3 um. The light-shielding layer
214 may comprise a material having an optical density of
greater than about 3.5. For example, the light-shielding layer
214 may be formed of one or more layers of black ink, colored
photoresist, black photoresist, polarizer or a combination
thereof.

[0022] The sealant dispensing area 210A may be located at
the outer side of'the light-shielding layer 214 for receiving the
light irradiation. Sealant 210 may be applied to the sealant
dispensing area 210A with surrounding the light-shielding
layer 214 and the liquid-crystal layer 206. In an embodiment,
the sealant may be optical glue having a light transmittance of
less than or substantially equal to 50% and greater than 0.
Alternatively, the sealant may be optical glue having a light
absorption of about 50% to 100% of the light absorption of
the light-shielding layer 214. In an embodiment, the sealant
210 may comprise colored epoxy resin, acrylate resins, poly
(urethane acrylates), phenolic resin, carbon powders. The
sealant 210 may itself have a low light transmittance. Alter-
natively, the sealant 210 may have the low transmittance by
doped with other substances, such as non-transparent metal
particles, non-transparent ceramic particles or non-transpar-
ent plastic particles. In an embodiment, the sealant 210 may
cover at least a portion of the metal traces 218 and in direct
contact with the metal traces 218. In order to prevent from
forming an electrical connection between the plurality of
metal traces 218 on the first substrate 202 and the opposite
electrode 242, the sealant 210 may be formed of insulating
materials. Alternatively, the sealant 210 may also comprise
conductive materials, such as metal particles, doped therein
with a content of less than 3 wt % of the sealant 210. The
sealant 210 may act as the light-shielding layer for masking
the plurality of metal traces 218 due to its low light transmit-
tance, such that the user would be difficult to observe the
plurality of metal traces 218 and the light leakage from the
display area Z1 can also be reflected back. In some embodi-
ments, since each of the materials in the shielding area 72
may have a light transmittance of less than or substantially
equal to 50% and greater than 0, the shielding area Z2 may
have a total light transmittance of less than or substantially
equal to 50% and greater than 0.

[0023] Inanembodiment, the sealant 210 and the substrate
may have a contacting width of substantially equal to the
width of the sealant dispensing area 210A, for example,
between about 0.3 mm to 5 mm. In addition, the sealant 210
and the light-shielding layer 214 may have a total width of
between about 0.3 mm to 5 mm. It can be understood that the
widths described above are merely embodiments for illustra-
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tion, one skilled in the art would make suitable changes
according to the techniques at the time.

[0024] Referring to FIG. 3, illustrated is a cross-sectional
view ofan LCD 300. Reference may be made to FIG. 1 fortop
view of the LCD 300. For example, the LCD may have a
display area 71 and a shielding area 72 surrounding the
display area Z1. In addition, the LCD 300 may further com-
prise a color filter or other features capable of reducing light
transmittance for further reducing the light transmittance of
the sealant dispensing area. In this embodiment, like refer-
ence numerals are used to indicate elements substantially
similar to the elements described in the previous embodi-
ments.

[0025] The LCD 300 may comprise a first substrate 202, a
second substrate 204 and a liquid-crystal layer 206. The sec-
ond substrate 204 and the first substrate 202 may be oppo-
sitely disposed and adherently secured by sealant 210. The
liquid-crystal layer 206 may be interposed between the first
substrate 202 and the second substrate 204. The sealant 210
may surround the perimeter of liquid-crystal layer 206 for
sealing it. In an embodiment, the first substrate may be a TFT
array substrate, comprising an electrode 230, at least one TFT
232 and a plurality of metal traces 218 disposed on a glass
substrate. The electrode 230 and the atleastone TFT 232 each
may have at least a portion located inside the display area Z1.
The electrode 230 may be a pixel electrode. The pixel elec-
trode may be a transparent electrode layer including indium
tin oxide (ITO), indium zinc oxide (IZO) or aluminum zinc
oxide (AZO). The plurality of metal traces 218 may be dis-
posed in the shielding area 7Z2. The plurality of metal traces
218 may electrically connect the various components, such as
the electrode 230, in the display area Z1 to outer circuits such
as the input/output. The plurality of metal traces 218 may be
formed of metal or any other conductive materials.

[0026] The second substrate 204 may comprise a color
filter 342 and an opposite electrode 244 disposed on a glass
substrate. The color filter 342 may be disposed in the display
area 71 and correspond to the pixel electrode 230 on the first
substrate 202. In addition, the color filter 342 may further
extend into the sealant dispensing area 210A in the shielding
area 72. In other words, other than the sealant 210, there is a
color filter 342 disposed between the sealant 210 and the
second substrate 342 in the sealant dispensing area 210A. In
an embodiment, the color filter 342 in the sealant dispensing
area 210A may have a width less than or substantially equal to
the width of the sealant dispensing area 210A. For example,
as shown in FIG. 3, the color filter 342 in the sealant dispens-
ing area 210A may have a width less than the width of the
sealant dispensing area 210A such that the shielding area 72
may have gradient decreased light transmittance. For
example, the light transmittance of the shielding area 72
decreases as it is much closer to the display Z1.

[0027] It should be noted that although FIG. 3 only shows
the color filter 342 extending from the display area 71
through the light-shielding layer 214 to the sealant dispensing
area 210A, in some embodiments, the color filters 342 may be
individually disposed in the display area Z1 and in the sealant
dispensing area 210A and not through the light-shielding
layer 214. For example, since the color filter 342 in the sealant
dispensing area 210A does not need to correspond to the pixel
electrode 230, it may have any colors and can be formed of
one or more layers of color filters of the same or different
colors. In addition, other materials capable of reducing the
light transmittance, such as a polarizer, can also be disposed
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in the sealant dispensing area 210A. In this embodiment, the
sealant 210 and the color filter 342 may have a total light
transmittance of less than or substantially equal to 50% and
greater than 0, or have a total light absorption of about 50% to
100% of the light absorption of the light-shielding layer 214.
Furthermore, since each of the materials in the shielding area
72 may have a light transmittance of less than or substantially
equal to 50% and greater than 0, the shielding area 72 may
have a total light transmittance of less than or substantially
equal to 50% and greater than 0. In this embodiment, since
there are other materials which may help to reduce the light
transmittance, the selection of the materials of the sealant
may be more flexible. For example, the sealant may be doped
with a smaller amount of particles for reducing its product
cost and improving its performance.

[0028] Referring to FIG. 4, illustrated is a cross-sectional
view of an LCD 400 according to an embodiment of present
invention. Reference may be made to FIG. 1 for a top view of
the LCD 400. For example, in this embodiment, the LCD 400
may have a display area 71 and a shielding area 72 surround-
ing the display area Z1. In this embodiment, illustrated is a
color filter on array (COA) type LCD, however, it can be
understood that the scope of the present disclosure is not
limited thereto. For example, the LCD 400 can also be applied
to other types of LCDs, such as a black matrix on array (BOA)
type LCD, a multi-domain vertical alignment (MVA) type
LCD, a photo alignment type LCD, and a nano-protrusion
multi-domain vertical alignment (NPMVA) type LCD. In this
embodiment, like reference numerals are used to indicate
elements substantially similar to the elements described in the
previous embodiments.

[0029] The LCD 400 may comprise a first substrate 202, a
second substrate 204 and a liquid-crystal layer 206. The sec-
ond substrate 204 and the first substrate 202 may be oppo-
sitely disposed and adherently secured by sealant 210. The
sealant 210 may surround the perimeter of the liquid-crystal
layer 206 for sealing it. In an embodiment, the first substrate
202 may be a TFT array substrate, comprising an electrode
230, at least one TFT 232, a color filter 442 and a plurality of
metal traces 218 disposed on a glass substrate. The electrode
230, the at least one TFT 232 and the color filter 442 may be
at least disposed in the display area Z1. The electrode 230
may be a pixel electrode. The pixel electrode may be a trans-
parent electrode layer, comprising indium tin oxide (ITO),
indium zinc oxide (IZO) or aluminum zinc oxide (AZO). The
plurality of metal traces 218 may be disposed in the shielding
area Z2. In addition, at least a portion of the metal traces 218
may be located in the sealant dispensing area 210A. The color
filter 442 may be disposed between the electrode 230 and the
glass substrate and correspond to the electrode 230.

[0030] Sealant 210 may be applied to the sealant dispensing
area 210A. Alternatively, other materials capable of reducing
the light transmittance, such as a color filter (not shown) can
also be disposed in the sealant dispensing area 210A. The
sealant dispensing area 210A may have a total light transmit-
tance of less than or substantially equal to about 50% and
greater than 0, or have a total light absorption of about 50% to
100% of the light absorption of the light-shielding layer 214
for providing similar functions with the light-shielding layer
214.

[0031] Although the electrode 230 and the opposite elec-
trode 244 which are formed on different substrates are illus-
trated in the preceding embodiments, but the arrangements of
electrodes according to embodiments of the present disclo-
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sure are not limited to these. For example, the electrode 230
and another electrode may be formed on the same substrate
for forming an in plane switch (IPS) type LCD.

[0032] Accordingly, by reducing the total light transmit-
tance of the various materials in the sealant dispensing area,
the light leakage and insufficient masking problems resulting
from a narrow width of the light-shielding layer would be
solved. In addition, the sealant itself may have a sufficiently
large area to receive light irradiation and provide enough
adhesion. The reliability of the sealant as well as the reliabil-
ity of the LCD can be improved.

[0033] While the preferred embodiments of the invention
have been described above, it will be recognized and under-
stood that various modifications can be made to the invention
and the appended claims are intended to cover all such modi-
fications which may fall within the spirit and scope of the
invention.

What is claimed is:

1. A liquid-crystal display, including a display area and a
shielding area surrounding the display area, wherein the
shielding area has a total transmittance of equal to or less than
about 50% and greater than 0, the liquid-crystal display com-
prising:

a first substrate including a pixel electrode, a black matrix,
and a plurality of metal traces disposed thereon, wherein
the pixel electrode is disposed in the display area, and
the plurality of metal traces are disposed in the shielding
area and electrically connected to the pixel electrode;

a second substrate including an opposite electrode,

alight-shielding layer being disposed in the shielding area,
and the light-shielding layer being adjacent to a side of
the display area;

a sealant, adherently securing the first substrate and the
second substrate, disposed in a sealant dispensing area
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and surrounding a side of the light-shielding layer,
wherein the sealant dispensing area is in the shielding
area; and

aliquid-crystal layer interposed between the first substrate

and the second substrate and surrounded and sealed by
the sealant; and

a color filter disposed on the first substrate, wherein the

light-shielding layer comprises a black photoresist, and
the light-shielding layer overlaps the sealant dispensing
area.

2. The liquid-crystal display according to claim 1, wherein
the color filter is adjacent to the pixel electrode.

3. The liquid-crystal display according to claim 1, wherein
the shielding area has gradient decreased light transmittance.

4. The liquid-crystal display according to claim 1, wherein
the plurality of metal traces are covered by the light-shielding
layer and the sealant.

5. The liquid-crystal display according to claim 4, wherein
the plurality of metal traces and the sealant are direct contact
with each other.

6. The liquid-crystal display according to claim 1, wherein
the sealant comprises epoxy resins of various colors, poly-
acrylate resins, poly(urethane acrylates), carbon powders, or
a combination thereof, which are doped with metal particles,
ceramic particles, plastic particles or a combination thereof.

7. The liquid-crystal display according to claim 1, wherein
the sealant area has a light transmittance of less than or
substantially equal to about 50% and greater than 0 or has a
total light absorption of about 50% to 100% of the light
absorption of the light-shielding layer.

8. The liquid-crystal display according to claim 1, the
light-shielding layer has an optical density of greater than
about 3.5.
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