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LIQUID CRYSTAL DISPLAY MOTHER
PANEL AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND

[0001] Embodiments of the present invention relate to a
liquid crystal display (LCD) mother panel and a method of
manufacturing the same.

[0002] Thin film transistor-liquid crystal displays (TFT-
LCDs) have been becoming more and more popular because
of its merits such as small volume, low power consumption,
no radiation and low cost.

[0003] ATFT-LCD comprises acolor filter substrate and an
array substrate arranged opposite to each other. During
attaching the color filter substrate and the array substrate to
each other during manufacture of the TFT-LCD, some mem-
bers, including primary spacers, secondary spacers, a primary
sealant element and a secondary sealant element, can be
interposed between the two substrates so as to support and
maintain a uniform distance between the two substrates.
[0004] FIG. 1 is a schematic view illustrating a structure
obtained by attaching the color filter substrate to the array
substrate, and FIG. 2 is a sectional view of a conventional
structure by attaching a color filter substrate and an array
substrate taken along a line A-A in FIG. 1.

[0005] Referring to FIGS. 1 and 2, a mother panel 100
comprising the color filter substrate 1, the array substrate 2
and members between the color filter substrate 1 and the array
substrate 2 includes a plurality of panels 3. A primary sealant
element 4 is disposed at periphery of each individual panel 3,
and primary spacers 5 are dispersed in a region (i.e., display
region) surrounded by the primary sealant element 4. The
primary spacers 5 serve to maintain a uniform distance
between the color filter substrate 1 and the array substrate 2 in
each individual panel 3 after the attaching. Meanwhile, a
secondary sealant element 6 is disposed between adjacent
individual panels 3 and outside each individual panel 3, that
is, at a dummy region of the LCD mother panel 100. Second-
ary spacers 7 are dispersed between the secondary sealant
element 6 and the primary sealant element 4 so as to maintain
a uniform distance between the color filter substrate 1 and the
array substrate 2 attached to each other at a region between
adjacent panels 3. Liquid crystal material is filled in the space
surrounded by the primary sealant element 4 between the
color filter substrate 1 and the array substrate 2.

[0006] With performing a vacuum-attaching step for the
above described LCD mother panel 100, there are following
problems: when the vacuum state is broken and the LCD
mother panel 100 is in the air, the substrate is subject to
different supporting force at both sides of the primary sealant
element 4 due to same atmospheric pressure but different
spacers at both sides of the primary sealant element 4, as
shown in FIG. 3. It may cause that the individual panel 3 has
a varying thickness in the peripheral region (about the pri-
mary sealant element 4) and thus liquid crystal molecules are
aligned abnormally, deteriorating display quality of the LCD
panel.

SUMMARY

[0007] An embodiment of the present invention provides a
liquid crystal display mother panel including at least one
panel, the mother panel comprising: a color filter substrate; an
array substrate opposite to the color filter substrate; and a
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primary sealant element, a secondary sealant element, pri-
mary spacers and secondary spacers disposed between the
color filter substrate and the array substrate, wherein the
primary sealant element is disposed along a periphery of the
at least one panel, the primary spacers are disposed in aregion
surrounded by the primary sealant element, the secondary
sealant element is disposed outside the at least one panel, and
the secondary spacers are disposed between the primary seal-
ant element and the secondary sealant element, and wherein
the secondary spacers have a height different from that of the
primary spacers, and the primary spacers and the secondary
spacers maintain a same distance between the color filter
substrate and the array substrate when they are against struc-
tural layers on the two substrates, respectively.

[0008] Another embodiment of the present invention pro-
vides a method for manufacturing a liquid crystal display
mother panel including at least one panel, the method com-
prising: depositing a spacer material on a substrate and then
performing an exposing process, wherein a region corre-
sponding to a secondary spacer is not exposed, a region cor-
responding to a primary spacer is half-exposed, and a remain-
ing region is fully exposed, such that the primary spacer and
the secondary spacer are formed on the substrate, he primary
spacer has a height from that of the secondary spacer, the
primary spacer is disposed inside the at least one panel, and
the secondary spacer is disposed outside the at least one
panel.

[0009] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will become more fully
understood from the detailed description given hereinafter
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention and wherein:

[0011] FIG. 1 is a schematic view illustrating a structure
obtained by attaching the color filter substrate and the array
substrate;

[0012] FIG. 2 is a sectional view taken along a line A-A in
FIG. 1, showing a conventional liquid crystal display mother
panel after an ideal attaching step;

[0013] FIG. 3 is a sectional view taken along a line A-A in
FIG. 1, showing a conventional liquid crystal display mother
panel after an actual attaching step;

[0014] FIG. 4 is a sectional view taken along a line A-A in
FIG. 1, showing a liquid crystal display mother panel after an
attaching step according to an exemplary embodiment of the
present invention;

[0015] FIG. 5 is a schematic view showing a structure of a
liquid crystal display mother panel after an attaching step
according to a first embodiment of the present invention; and
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[0016] FIG. 6 is a schematic view showing a structure of a
liquid crystal display mother panel after an attaching step
according to a second embodiment of the present invention.

DETAILED DESCRIPTION

[0017] The embodiments of the invention now will be
described more fully hereinafter with reference to the accom-
panying drawings, in which the embodiments ofthe invention
are shown. Apparently, only some embodiments of the
present invention are described here, and the present inven-
tion may be embodied in other forms. All of other embodi-
ments made by those skilled in the art based on the embodi-
ments disclosed herein without any inventive work fall within
the scope of the present invention.

[0018] A liquid crystal display mother panel and a method
for forming the liquid crystal display mother panel according
to embodiments of the present invention will be described in
detail with reference to the accompanying drawings.

[0019] Referring to FIG. 4, an exemplary embodiment of
the present invention provides a liquid crystal display mother
panel including at least one individual panel 3, for example,
twelve panels 3. The mother panel comprises a color filter
substrate 1, an array substrate 2 facing the color filter sub-
strate 1, and primary sealant elements 4, secondary sealant
elements 6, primary spacers 5 and secondary spacers 7 dis-
posed between the color filter substrate 1 and the array sub-
strate 2. Each primary sealant element 4 is formed along a
periphery of each panel 3, and liquid crystal material is filled
in the region (display region) surrounded by the primary
sealant element 4. The primary spacers 5 are disposed in the
region (display region) surrounded by the primary sealant
element 4 and serve to maintain an uniform distance between
the color filter substrate 1 and the array substrate 2 attached to
each other in the region of each individual panel. Each sec-
ondary sealant element can be formed between adjacent indi-
vidual panels 3 or outside each individual panel 3, that is, in a
dummy region of the liquid crystal display mother panel. The
secondary spacers 7 are dispersed between the primary seal-
ant elements 4 and the secondary sealant elements 6 and serve
to maintain an uniform distance between the color filter sub-
strate 1 and the array substrate 2 attached to each other in the
region between adjacent individual panels. The secondary
spacers 7 have a height different from that of the primary
spacers 5, and the secondary spacers 7 maintain the same
distance between the color filter substrate 1 and the array
substrate 2 as the primary spacers 5 do when the secondary
spacers 7 and the primary spacers 5 each are pressed against
a structural layer on the color filter substrate 1 and a structural
layer on the array substrate 2.

[0020] After formation, the mother panel is cut into sepa-
rated individual panels 3. The individual panels 3 are used to
manufacture liquid crystal display devices.

[0021] Inthe present embodiment, the secondary spacers 7
and the primary spacers 5 each are pressed against a structural
layer on the color filter substrate 1 and a structural layer on the
array substrate 2 in following two ways.

[0022] (a) The secondary spacers 7 are pressed directly
against the glass base substrates (not shown) of the color filter
substrate 1 and the array substrate 2, and the primary spacers
5 are pressed against members formed on the color filter
substrate 1 and the array substrate 2 corresponding to the
primary spacers 5 (as shown in FIG. 4, for example, one end
of'each primary spacer 5 is pressed against a black matrix on
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the color filter substrate 1 and the other end thereof is pressed
against a thin film transistor 11);

[0023] (b) The second spacers 7 are pressed against the
indium tin oxide (ITO) layers respectively formed on the
color filter substrate 1 and the array substrate 2 (as shown in
FIG. 4), while the primary spacers 5 are pressed against
members formed on the color filter substrate 1 and the array
substrate 2 corresponding to the primary spacers 5 (as shown
in FIG. 4, for example, one end of a primary spacer 5 is
pressed against a black matrix on the color filter substrate 1
and the other end thereof is pressed against a thin film tran-
sistor 11).

[0024] As shownin FIG. 4, the primary spacers 5 dispersed
in the regions surrounded by the primary sealant elements 4
are deposited on the black matrix 8, a color filter resin layer 9
and a transparent electrode 10 of the color filter substrate 1,
and the distal ends thereof can be pressed against the thin film
transistors 11 of the array substrate in each individual panel so
as to maintain a distance between the color filter substrate 1
and the array substrate 2 attached to each other in an indi-
vidual panel. The secondary spacers 7 dispersed between the
primary sealant element 4 and the secondary sealant element
6 are directly deposited on the transparent electrode 10 of the
color filter substrate 1 and the distal ends thereof are pressed
against a pixel electrode layer in a dummy region on the array
substrate 2 so as to maintain an uniform distance between the
color filter substrate 1 and the array substrate 2 attached to
each other in the dummy region of the liquid crystal display
mother panel.

[0025] Please note that FIG. 4 shows only relationship
between positions of the primary sealant element 4, the sec-
ondary sealant element 6, the primary spacers 5 and the
secondary spacers 7 and positions of the color filter substrate
1 and the array substrate 2 in a way of example, but is not
intended to limit the specific size and disposition density of
the secondary spacers 7, and shown in FIG. 4 is only a part of
the region surrounded by the primary sealant. There may be
many secondary spacers 7 dispersed between the primary
sealant element 4 and the secondary sealant element 6, rather
than only one shown in the drawing. FIG. 4 shows only
structural layers on the color filter substrate 1 and the array
substrate 2 in a region corresponding to the primary sealant
element 4, the secondary sealant element 6, the primary spac-
ers 5 and the secondary spacers 7, and other members are
omitted for clarity and simplicity.

[0026] Inthe liquid crystal display mother panel according
to the embodiment of the present invention, the primary spac-
ers and the secondary spacers disposed between the color
filter substrate and the array substrate have a height difference
such that they maintain a same distance between the color
filter substrate and the array substrate when they are pressed
against structural layers on the color filter substrate and the
array substrate. Thus, when the mother panel is exposed to
atmosphere after the attaching process, a pressure on an inner
surface of the substrate is the same as that on an outer surface
ofthe substrate in the peripheral region of an individual panel
(inside and outside the primary sealant element). As a result,
the color filter substrate and the array substrate each maintain
an excellent flatness and each individual panel included in the
mother panel has a uniform thickness in the peripheral region
thereof.

Example 1

[0027] Referring to FIGS. 4 and 5, the present example
provides a liquid crystal display mother panel 200 comprising
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twelve individual panels 3. The secondary spacers 71 dis-
posed between the primary sealant element 4 and the second-
ary sealant element 6 are all post-shaped spacers. Each sec-
ondary spacer 71 has a bottom deposited on the color filter
substrate 1 and a top supported on the array substrate 2.
[0028] In the present example, the bottom of each second-
ary spacer 71 has a cross-sectional area larger than that of the
bottom of each primary spacer 5, and the secondary spacers
71 are dispersed in a density larger than that of the primary
spacers 5. In addition to the primary spacers 5, the liquid
crystal material filled in the region surrounded by the primary
sealant element 4 (i.e., in an individual panel 3) also serves to
maintain a distance between the color filter substrate and the
array substrate. So, the contact area between the secondary
spacers 71 and the substrate in the dummy region is increased
such that the atmospheric pressure on the substrate and the
supporting force from the spacers is more balanceable in the
peripheral region of an individual panel 3 (inside and outside
the primary sealant element 4) and thus the distance between
the color filter substrate and the array substrate may be main-
tained uniformly in the peripheral region of the individual
panel 3.

[0029] In the liquid crystal display mother panel 200
according to the present example, between the color filter
substrate and the array substrate, the primary spacers 5 have
a height for that of the secondary spacers 71 disposed such
that they maintain a same distance between the color filter
substrate and the array substrate when these spacers are
pressed against structural layers on the color filter substrate
and the array substrate; and the contact area between the
secondary spacers 71 and the substrate in the dummy region
can be increased by increasing the cross-sectional area of the
bottom of each secondary spacer and/or the dispensation
density of the secondary spacers. Thus, when the mother
panel is exposed to atmosphere after the attaching process, a
pressure on an inner surface of the substrate is the same as that
on an outer surface of the substrate in a peripheral region ofan
individual panel (inside and outside the primary sealant ele-
ment). As a result, the color filter substrate and the array
substrate each maintain an excellent flatness, and each indi-
vidual panel 3 included in the mother panel 200 has a uniform
thickness in the peripheral region thereof.

Example 2

[0030] With reference to FIGS. 4 and 6, the present
example provides a liquid crystal display mother panel 300
comprising, for example, twelve individual panels 3. The
secondary spacers disposed between the primary sealant ele-
ment 4 and the secondary sealant element 6 are stripe-like
wall spacers 72. Each secondary spacer 72 has a bottom
deposited on the color filter substrate 1 and a top supported on
the array substrate 2.

[0031] Insome cases, openings may be formed on the sec-
ondary sealant element 6 so as to allow air to pass there-
through into the dummy region of the liquid crystal display
mother panel when the color filter substrate and array sub-
strate, which are attached together, are open to atmosphere. In
this way, the air pressure become the same inside the sub-
strates as outside the substrates, which, in combination with
supporting of the stripe-like wall spacers 72 disposed in the
dummy region, maintain a uniform thickness in the peripheral
region of the individual panel 3. Since the secondary spacer
72 is of a stripe-like wall structure, it may act as a bank to
resist against impact of air flow entering into the dummy
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region upon the primary sealant element 4. Thus, defects such
as bubble may be prevented in the display region from occur-
ring due to damage or crack of the primary sealant element 4
caused by impact of the air flow.

[0032] In the liquid crystal display mother panel 300
according to the present example, between the color filter
substrate and the array substrate, the primary spacers 5 have
a height different from that of the secondary spacers 72 such
that the spacers maintain a same distance between the color
filter substrate and the array substrate when they are pressed
against structural layers on the color filter substrate and the
array substrate. Thus, when the mother panel is exposed to
atmosphere after the attaching process, a pressure on an inner
surface of the substrate become the same as that on an outer
surface of the substrate in a peripheral region of an individual
panel 3 (inside and outside the primary sealant element). As a
result, the color filter substrate and the array substrate each
maintain an excellent flatness and each individual panel 3
included in the mother panel 300 has a uniform thickness in
the peripheral region thereof. In addition, the secondary
spacer 72 is provided with a stripe-like wall shape so as to
reduce impact of air flow rushing into the dummy region to
the primary sealant element, preventing air bubble from
occurring in the display region.

[0033] In the above examples, the liquid crystal display
mother panel is described in a form that the primary spacers
and the secondary spacers are formed on the color filter sub-
strate, but the present invention is not limited thereto. For
example, the primary spacers and the secondary spacers may
be formed on the array substrate or on both the color filter
substrate and the array substrate, respectively, during manu-
facture of the liquid crystal display mother panel.

[0034] Anembodiment of the present invention further pro-
vides a method for forming a liquid crystal display mother
panel comprising: depositing a spacer material on a substrate
and then performing an exposing processes, wherein a sec-
ondary spacer area is not exposed, a primary spacer area is
half-exposed, and a remaining area is fully exposed, such that
a secondary spacer and a primary spacer are formed on the
substrate after development, and the secondary spacer has a
height different from that of the primary spacer.

[0035] Specifically, the above process for forming the lig-
uid crystal display mother panel can be performed as follows.
[0036] S1, depositing a spacer material on a substrate.
[0037] The spacer material may be formed on a color filter
substrate or an array substrate by a chemical vapor deposition
(CVD) process, and the spacer material may comprise pho-
toresist or the like.

[0038] In a conventional liquid crystal display mother
panel, the primary spacer typically has a height in a range of
about 3-4 um; in the embodiment of the present invention,
however, the height of the spacers is controlled by the expos-
ing processes. Accordingly, in an embodiment of the present
invention, the spacer material deposited on the substrate has a
thickness in a range of about 6-7 jum so as to obtain a primary
spacer having a height of about 3-4 um.

[0039] Specific heights of the primary spacer and the sec-
ondary spacer may be determined according to position
thereof during manufacturing.

[0040] S2, exposing the spacer material on the substrate.
[0041] Inthis step, a secondary spacer area is not exposed,
aprimary spacer area is half-exposed, and a remaining area is
fully exposed, such that a secondary spacer and a primary
spacer are formed with different heights on the substrate.
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[0042] In exposing the region containing the primary
spacer, an exposing process with a slit mask or a half-tone
mask may be used. No matter which exposing process is used,
height of the primary spacer may be adjusted by controlling
exposing time and light intensity. In order for having two ends
of a primary spacer just press against two substrates, the
height of the primary spacer may be controlled in a range of
3-4 um by the exposing process and after development.
[0043] The primary spacer and the secondary spacer may
be formed with different heights on the substrate by above
steps, completing manufacture of the substrate. Then, a series
of processes such as coating, curing and rubbing of an align-
ment film and attaching the two substrates together are per-
formed so as to complete the liquid crystal display mother
panel.

[0044] In the method of forming a liquid crystal display
mother panel according to an embodiment of the present
invention, the primary spacers and the secondary spacers are
formed between the color filter substrate and the array sub-
strate have different heights so that they maintain a same
distance the two substrates when they are against structural
layers on the two substrates. When the mother panel thus
formed is exposed to atmosphere after the attaching process,
the air pressure is the same and the supporting force on the
substrate is also the same in a peripheral region of an indi-
vidual panel (inside and outside the primary sealant element).
As a result, the color filter substrate and the array substrate
each maintain an excellent flatness and each individual panel
included in the mother panel has a uniform thickness in the
peripheral region thereof.

[0045] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to those skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:
1. A liquid crystal display mother panel including at least
one panel, the mother panel comprising:

a color filter substrate;

an array substrate opposite to the color filter substrate; and

a primary sealant element, a secondary sealant element,
primary spacers and secondary spacers disposed
between the color filter substrate and the array substrate,

wherein the primary sealant element is disposed along a
periphery of the at least one panel, the primary spacers
are disposed in a region surrounded by the primary seal-
ant element, the secondary sealant element is disposed
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outside the at least one panel, and the secondary spacers
are disposed between the primary sealant element and
the secondary sealant element, and

wherein the secondary spacers have a height different from

that of the primary spacers, and the primary spacers and
the secondary spacers maintain a same distance between
the color filter substrate and the array substrate when
they are against structural layers on the two substrates,
respectively.

2. The liquid crystal display mother panel of claim 1,
wherein the secondary spacers are post spacers.

3. The liquid crystal display mother panel of claim 2,
wherein the secondary spacers has a bottom area larger than
that of the primary spacers.

4. The liquid crystal display mother panel of claim 2,
wherein the secondary spacers are dispersed more densely
than the primary spacers are.

5. The liquid crystal display mother panel of claim 1,
wherein the secondary spacers are stripe-like wall spacers.

6. The liquid crystal display mother panel of claim 1,
wherein the secondary spacers are formed on the color filter
substrate or the array substrate.

7. A method for forming a liquid crystal display mother
panel including at least one panel, the method comprising:

depositing a spacer material on a substrate and then per-

forming an exposing process,

wherein a region corresponding to a secondary spacer is

not exposed, a region corresponding to a primary spacer
is half-exposed, and a remaining region is fully exposed,
such that the primary spacer and the secondary spacer
are formed on the substrate, the primary spacer has a
height from that of the secondary spacer, the primary
spacer is disposed inside the at least one panel, and the
secondary spacer is disposed outside the at least one
panel.

8. The method of claim 7, wherein the substrate is a color
filter substrate or an array substrate.

9. The method of claim 7, wherein the region correspond-
ing to the primary spacer is half-exposed with a slit-mask or
a half-tone mask.

10. The method of claim 7, wherein the spacer material
deposited on the substrate has a thickness of about 6-7 um.

11. The method of claim 10, wherein the primary spacer
has a height in a range of about 3-4 um after the exposing
process.

12. The method of claim 10, wherein the spacer material
comprises photoresist.
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