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LIQUID CRYSTAL DISPLAY PANEL

RELATED APPLICATIONS

[0001] This application claims priority to China Applica-
tion Serial Number 201310011257.2, filed Jan. 11, 2013,
which is herein incorporated by reference.

BACKGROUND
[0002] 1. Field of Invention
[0003] The present invention relates to a liquid crystal dis-
play panel.
[0004] 2. Description of Related Art
[0005] Liquid crystal displays (LCDs) have been widely

used in electrical products in recent times due to the rapid
progress of optical technology and semiconductor technol-
ogy. Moreover, with the advantages of high image quality,
compact size, light weight, low driving voltage, and low
power consumption, LCDs have been introduced into por-
table computers, personal digital assistants, and color televi-
sions, and are gradually replacing the cathode ray tubes
(CRTs) used in conventional displays. As a result, LCDs have
become the most widely used display apparatus.)

[0006] The liquid crystal display panel includes the main
elements of a TFT substrate, a color filter, and a liquid crystal
layer sandwiched therebetween. The thickness and the uni-
formity of the liquid crystal layer affect the characteristics of
the liquid crystal display panel, such as display frequency,
viewing angle, brightness, and contrast ratio. Therefore there
is a need to maintain the distance between the substrates.
However, with the development of touch display modules, it
is common for the liquid crystal display panel to be pressed
during operation. In order to maintain the distance between
the substrates, a design of forming spacers with different
heights on the color filter is utilized. With the use of such a
design, when the TFT substrate is packaged with the color
filter, only some of the spacers touch the TFT substrate, and
the other spacers with a shorter height are not in contact with
the TFT substrate to thereby provide extra support when an
external force is applied to the liquid crystal display panel.
[0007] However, different products have their own design
considerations, and as a result, such a solution of changing the
height of the spacers complicates the design process.

SUMMARY

[0008] The present disclosure provides a liquid crystal dis-
play panel which reduces the complexity of product design.
[0009] An aspect of the invention provides a liquid crystal
display panel, which includes a color filtering substrate and
an array substrate. The color filtering substrate includes a
plurality of first spacers and a plurality of second spacers. The
array substrate includes a lower substrate, a plurality of thin
film transistors disposed on the lower substrate, an over coat
layer disposed on the thin film transistors, a passivation layer
disposed on the over coat layer, a common electrode layer
disposed between the over coat layer and the passivation
layer, and a pixel electrode layer disposed on the passivation
layer and respectively connected to the thin film transistor.
The array substrate includes a plurality of cavities disposed
on a surface of the array substrate facing the color filtering
substrate. The cavities are disposed corresponding to the sec-
ond spacers. The first spacers are physically connected to the
array substrate, and the second spacers are physically spaced
apart from the array substrate.
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[0010] In one or more embodiments, the passivation layer
is made of an organic photoresist or an inorganic insulating
material.

[0011] In one or more embodiments, the over coat layer s
made of an organic photoresist.

[0012] In one or more embodiments, the over coat layer
includes a plurality of depressions, the passivation layer is
disposed on the over coat layer, and the cavities are defined by
the depressions.

[0013] Inoneormore embodiments, the common electrode
layer includes a plurality of openings for exposing the depres-
sions.

[0014] In one or more embodiments, the size, shape, and
position of the openings are designed according to a target
capacitance.

[0015] In one or more embodiments, a part of the common
electrode layer is disposed on a surface of the over coat layer
forming the depressions.

[0016] In one or more embodiments, a distance from a
upper surface of the over coat layer to a upper surface of the
lower substrate is substantially uniform over the entire area of
the upper surface of the over coat layer, and the passivation
layer includes the cavities.

[0017] In one or more embodiments, the cavities are
extended to the over coat layer, the common electrode layer
includes a plurality of openings, and the cavities are arranged
in the openings.

[0018] Inoneormore embodiments, a depth of the cavities
15 0.3 um to 1.0 um.

[0019] In one or more embodiments, the height of the first
spacers and the height of the second spacers are substantially
the same.

[0020] In one or more embodiments, the color filter sub-
strate comprises a plurality of shielding regions, and the first
spacers and the second spacers are to formed on the shielding
regions.

[0021] In one or more embodiments, the first spacers and
the second spacers are made of an organic photoresist.
[0022] In one or more embodiments, the color filter sub-
strate comprises a plurality of pixel regions, the over coat
layer has a first thickness at positions corresponding to the
pixel regions, and a second thickness at positions correspond-
ing to the second spacers wherein the first thickness is greater
than the second thickness, and a thickness difference between
the first thickness and the second thickness is 0.3 um to 1.0
pm.

[0023] In one or more embodiments, there is no common
electrode layer under the second spacers.

[0024] 1In one or more embodiments, the color filter sub-
strate comprises a plurality of pixel regions, the passivation
layer has a third thickness at positions corresponding to the
pixel regions, and a fourth thickness at positions correspond-
ing to the second spacers, wherein the third thickness is
greater than the fourth thickness, and a thickness difference
between the third thickness and the fourth thickness is 0.3 pm
to 1.0 um.

[0025] Inoneor more embodiments, the common electrode
layer 1s covered by the passivation layer and is not in direct
contact with the pixel electrode layer.

[0026] In one or more embodiments, the color filtering
substrate comprises a transparent conductive layer.

[0027] In one or more embodiments, the color filtering
substrate comprises a transparent organic photoresist layer.
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[0028] 1In one or more embodiments, the array substrate
comprises an insulating layer.

[0029] The first spacers and the second spacers in this lig-
uid crystal display panel have substantially the same height.
The second spacers are not directly in contact with the array
substrate due to the cavities formed on the surface of the array
substrate. Thus, when there is an external force applied on the
liquid crystal display panel and the liquid crystal display
panel is displaced, the second spacers come to touch the array
substrate, thereby providing extra support and cushioning.
The first spacers and the second spacers have substantially the
same height. Therefore, the design and fabricating process of
the color filtering substrate need not be changed, and the
complexity associated with developing a product can be
reduced.

[0030] Itistobeunderstood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention. In the drawings,

[0032] FIG.1to FIG. 7 are cross-sectional views of differ-
ent embodiments of a liquid crystal display panel of the
invention.

DESCRIPTION OF THE EMBODIMENTS

[0033] Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0034] FIG. 1 is a cross-sectional view of a first embodi-
ment of a liquid crystal display panel of the invention. The
liquid crystal display 100 includes a color filtering substrate
110 and an array substrate 140. The color filtering substrate
110 comprises a plurality of first spacers 120 and a plurality of
second spacers 130. The height ofthe first spacers 120 and the
height of the second spacers 130 are substantially the same.
The array substrate 140 comprises a plurality of cavities 142
disposed at a surface of the array substrate 140 facing the
color filtering substrate 110. The cavities 142 are disposed
corresponding to the second spacers 130. As a result of this
configuration, the first spacers 120 are physically connected
to the array substrate 140, and the second spacers 130 are
physically spaced apart from the array substrate 140 when the
color filtering substrate 110 is packaged with the array sub-
strate 140. As a result, when there is an external force applied
to the liquid crystal panel 100, the second spacers 130 are
displaced to be putin physical contact with the array substrate
140 to thereby provide extra support and cushioning.

[0035] To describe the structure of the liquid crystal display
100 in greater detail, the color filtering substrate 110 com-
prises a color filter 112. The first spacers 120 and the second
spacers 130 are disposed on a surface of the color filter 112
facing the array substrate 140. The color filter 112 comprises
aupper substrate 113, a plurality of shielding regions 114 and
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a plurality of pixel regions 116. The pixel regions 116 are
arranged between the shielding regions 114.

[0036] The upper substrate 113 can be a glass substrate.
The shielding regions 114 can be a black matrix. The pixel
regions 116 can be formed by injecting color photoresists into
the spaces between the shielding regions 114 after the shield-
ing regions 114 are formed. The first spacers 120 and the
second spacers 130 are then formed on the shielding regions
114. The first spacers 120 and the second spacers 130 can be
made of an organic photoresist. The material of the first
spacers 120 and the second spacers 130 can be the same. The
height of the first spacers 120 and the height of the second
spacers 130 are substantially the same. The first spacers 120
and the second spacers 130 are made during the same process
and are made by the same photo mask. The sectional profile of
the first spacers 120 and the second spacers 130 is trapezoidal.
The width of the first spacers 120 and the second spacers 130
is gradually decreased from the color filter 112 toward the
array substrate 140.

[0037] The array substrate 140 can be a thin film transistor
substrate. The array substrate 140 comprises alower substrate
144, a plurality of thin film transistors 150 disposed on the
lower substrate 144, an over coat layer 160 disposed on the
thin film transistors 150, a passivation layer 170 disposed on
the over coat layer 160, a common electrode layer 180 dis-
posed between the over coat layer 160 and the passivation
layer 170, and a pixel electrode layer 190 disposed on the
passivation layer 170. The array substrate 140 has a plurality
of through holes 146, such that the pixel electrode layer 190
can be connected to the thin film transistors 150 respectively
via the through holes 146. The pixel electrode layer 190 is not
in contact with the common electrode layer 180.

[0038] The lower substrate 144 can be a glass substrate.
Bach of the thin film transistors 150 includes a gate electrode
152 disposed on the lower substrate 144, a gate insulating
layer 154 disposed on the gate electrode 152 and the lower
substrate 144, a channel layer 156 disposed on the gate insu-
lating layer 154, and a drain 157 and a source 158 connected
to the channel layer 156. The channel layer 157 is disposed
above the gate electrode 152. The gate electrode 152 is con-
nected to a scan line (not shown). The pixel electrode layer
190 is connected to the drain 157, and the source 158 is
connected to a data line (not shown).

[0039] The over coat layer 160 is disposed on the thin film
transistors 150. In this embodiment, the over coat layer 160 is
formed by a half tone mask to thereby provide different
heights to the over coat layer 160. As a result, a plurality of
depressions 162 can be formed on the over coat layer 160
during the same process used for forming the over coat layer
160 (i.e., during the same photo mask process). More particu-
larly, the depressions 162 are arranged corresponding to the
second spacers 130, and a width of the depression 162 is equal
to or greater than a width of an end of the second spacers 130
connected to the color filter 112. The over coat layer 160 has
a second thickness h2 at positions corresponding to the sec-
ond spacers 130, and a first thickness h1 at positions corre-
sponding to the pixel regions 116. The first thickness hl is
greater than the second thickness h2, and a thickness differ-
ence between the first thickness h1 and the second thickness
h2is 0.3 pmto 1.0 pm.

[0040] The common electrode layer 180 is continuously
disposed on the over to coat layer 160 (i.e., in a continuous
manner without any breaks), such that the common electrode
layer 180 is also continuously disposed on the surface of the
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over coat layer 160 forming the depressions 162. The passi-
vation layer 170 is uniformly formed on the common elec-
trode layer 180. In some embodiments, the passivation layer
170 and the over coat layer 160 can be made of the same
material, such as an organic photoresist. In other embodi-
ments, the passivation layer 170 and the over coat layer 160
can be made of different materials. For example, the over coat
layer 160 can be made of an organic photoresist while the
passivation layer 170 is made of an inorganic insulation mate-
rial, or the over coat layer 160 and the passivation layer 170
may be made of different types of organic photoresists.
[0041] Due to the depressions 162 formed on the surface of
the over coat layer 160 facing the color filtering substrate 110,
the cavities 142 can be defined by the array substrate 140
when the common electrode layer 180, the passivation layer
170, and the pixel electrode layer 190 are formed in this order
on the over coat layer 160. The depth of the cavities 142 is
substantially equal to the depth of the depressions 162 of the
over coat layer 160. Stated differently, the depth of the cavi-
ties 142 is substantially equal to the thickness difference
between the first thickness h1 and the second thickness h2,
which is about 0.3 pm to 1.0 um.

[0042] The pixel electrode layer 190 is formed on the pas-
sivation layer 170 and is connected to the thin film transistors
150 respectively via the through holes 146. The pixel elec-
trode layer 190 is not connected to the common electrode
layer 180 for preventing a short circuit. When the color fil-
tering substrate 110 is packaged with the array substrate 140,
the first spacers 120 physically touch to the pixel electrode
layer 190, and the second spacers 130 are spaced apart from
the pixel electrode layer 190 to thereby form a gap g between
the second spacers 130 and the pixel electrode layer 190. The
gap gis provided by the cavities 142, and the gap g is about 0.3
um to 1.0 pm.

[0043] The first spacers 120 and the second spacers 130 in
this liquid crystal display panel 100 have substantially the
same height. The second spacers 130 are not directly in con-
tact with the array substrate 140 due to the cavities 142
formed on the surface of the array substrate 140. Thus, when
there is an external force applied on the liquid crystal display
panel 100 and the liquid crystal display panel 100 is dis-
placed, the second spacers 130 come to touch the array sub-
strate 140, thereby providing extra support and cushioning.
The first spacers 120 and the second spacers 130 have sub-
stantially the same height. Therefore, the design and fabricat-
ing process of the color filtering substrate 110 need not be
changed, and the complexity associated with developing a
product can be reduced.

[0044] Details of the array substrate 140 and the color fil-
tering substrate 110 have been described above with respect
to the first embodiment. In the following embodiments, only
the differences will discussed, and a description of aspects
thereof that are the same as those of the first embodiment will
not be repeated.

[0045] FIG. 2is a cross-sectional view of a second embodi-
ment of the liquid crystal display panel 100 of the invention.
The difference between the second embodiment and the first
embodiment is that a common capacitance of the liquid crys-
tal display panel 100 can be adjusted by changing the design
of the pattern of the common electrode layer 180. The com-
mon electrode layer 180 may comprise a plurality of openings
182. The size, shape, and position of the openings 182 can be
designed according to a target capacitance. For example, the
openings 182 of the common electrode layer 180 can be
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positioned corresponding to the second spacers 130, thereby
exposing the depressions 162 via the openings 182. Subse-
quently, the passivation layer 170 and the pixel electrode
layer 190 are formed on the over coat layer 160 and the
common electrode layer 180 sequentially. There is no com-
mon electrode layer 180 under the second spacers 130.
[0046] FIG. 3 is a cross-sectional view of a third embodi-
ment of the liquid crystal display panel 100 of the invention.
In this embodiment, the distance from the upper surface of the
over coat layer 160 to the upper surface of the lower substrate
144 is substantially uniform over the entire area of the upper
surface of the over coat layer 160. The upper surface of the
over coat layer 160 which faces the second spacers 130 of the
color filtering substrate 110 is a flat surface. The passivation
layer 170 is made of an organic photoresist. The passivation
layer 170 may have different etching depths by using halftone
mask, thereby forming the cavities 142 on the passivation
layer 170 directly. The common electrode layer 180 can be
continuously arranged under the cavities 142, as shown in
FIG. 3. In other embodiments, the common electrode layer
180 can be a segmented pattern with openings 182 (as shown
in FIG. 2). The passivation layer 170 has a fourth thickness h4
at positions corresponding to the second spacers 130. The
passivation layer 170 has a third thickness h3 at positions
corresponding to the pixel regions 116. The third thickness h3
is larger than the fourth thickness h4, and a height difference
between the third to thickness h3 and the fourth thickness h4
is about 0.3 pm to 1.0 pm.

[0047] FIG. 41s a cross-sectional view of a fourth embodi-
ment of the liquid crystal display panel 100 of the invention.
In this embodiment, the passivation layer 170 is made of an
organic photoresist. The cavities 142 may be extended to the
over coat layer 160 to form through holes passing through the
passivation layer 170 by an etching process. The pixel elec-
trode layer 190 covers the passivation layer 170 and parts of
the over coat layer 160 exposed by the cavities 142. In order
to prevent a short circuit caused by the pixel electrode layer
190 directly touching the common electrode layer 180, the
common electrode layer 180 comprises plural openings 182.
The cavities 142 are located in the openings 182. The size of
the openings 182 of the common electrode layer 180 is greater
than the size of the cavities 142, such that the common elec-
trode layer 180 can be covered by the passivation layer 170
and is not in direct contact with the pixel electrode layer 190.
[0048] FIG. 5 is a cross-sectional view of a fifth embodi-
ment of the liquid crystal display panel 100 of the invention.
The color filtering substrate 110 may optionally comprise a
transparent conductive layer 122. The transparent conductive
layer 122 can be formed on the surface of the color filter 112
facing the array substrate 140 and is disposed between the
color filter 112 and the first and second spacers 120, 130. The
design of the cavities 142 can be the same as in any one of the
embodiments disclosed in FIG. 1 to FIG. 4.

[0049] FIG. 6 is a cross-sectional view of a sixth embodi-
ment of the liquid crystal display panel of the invention. The
color filtering substrate 110 may optionally comprise a trans-
parent organic photoresist layer 124. The transparent organic
photoresist layer 124 can be formed on the surface ofthe color
filter 112 facing the array substrate 140 and is disposed
between the color filter 112 and the first and second spacers
120, 130. The transparent organic photoresist layer 124 is
utilized for filling and flattening the surface of the color filter
112, so that an amount of injected liquid crystal and the
distance between the color filtering substrate 110 and the
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array substrate 140 can be easily controlled. The design of the
cavities 142 can be the same as in any one of the embodiments
disclosed in FIG. 1 to FIG. 4.
[0050] FIG.7is across-sectional view ofa seventh embodi-
ment of the liquid crystal display panel 100 of the invention.
The array substrate 140 may optionally comprise an insulat-
ing layer 148. The insulating layer 148 is formed on the thin
film transistors 150 and is disposed between the thin film
transistors 150 and the over coat layer 160. The insulating
layer 148 includes a plurality of through holes 146, so that the
pixel electrode layer 190 can connect to the thin film transis-
tors 150 respectively via the through holes 146. The design of
the cavities 142 can be the same as in any one of the embodi-
ments disclosed in FIG. 1 to FIG. 4.
[0051] The above embodiments of the present disclosure
have the following advantages. The first spacers and the sec-
ond spacers in this liquid crystal display panel have substan-
tially the same height. The second spacers are not directly in
contact with the array substrate due to the cavities formed on
the surface of the array substrate. Thus, when there is an
external force applied on the liquid crystal display panel and
the liquid crystal display panel is displaced, the second spac-
ers come to touch the array substrate, thereby providing extra
support and cushioning. The first spacers and the second
spacers have substantially the same height. Therefore, the
design and fabricating process of the color filtering substrate
need not be changed, and the complexity associated with
developing a product can be reduced.
[0052] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.
[0053] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.
What is claimed is:
1. A liquid crystal display panel comprising:
a color filtering substrate comprising a plurality of first
spacers and a plurality of second spacers; and
an array substrate comprising;
a lower substrate;
a plurality of thin film transistors disposed on the lower
substrate;
an over coat layer disposed on the thin film transistors;
a passivation layer disposed on the over coat layer;
a common electrode layer disposed between the over
coat layer and the passivation layer; and
a pixel electrode layer disposed on the passivation layer
and connected to each of the thin film transistors,
wherein the array substrate comprises a plurality of cavi-
ties disposed on a surface of the array substrate facing
the color filtering substrate, the cavities are disposed
corresponding to the second spacers, the first spacers
are physically connected to the array substrate, and
the second spacers are physically spaced apart from
the array substrate.
2. The liquid crystal display panel of claim 1, wherein the
passivation layer is made of an organic photoresist or an
inorganic insulating material.
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3. The liquid crystal display panel of claim 1, wherein the
over coat layer is made of an organic photoresist.

4. The liquid crystal display panel of claim 1, wherein the
over coat layer comprises a plurality of depressions, the pas-
sivation layer is disposed on the over coat layer, and the
cavities are defined by the depressions.

5. The liquid crystal display panel of claim 4, wherein the
common electrode layer comprises a plurality of openings for
exposing the depressions.

6. The liquid crystal display panel of claim 5, wherein a
size, shape, and position of the openings are designed accord-
ing to a target capacitance.

7. The liquid crystal display panel of claim 4, wherein a
part of the common electrode layer is disposed on a surface of
the over coat layer forming the depressions.

8. The liquid crystal display panel of claim 1, wherein a
distance from a upper surface of the over coat layer to a upper
surface of the lower substrate is substantially uniform over the
entire area of the upper surface of the over coat layer, and the
passivation layer comprises the cavities.

9. The liquid crystal display panel of claim 8, wherein the
cavities are extended to the over coat layer, the common
electrode layer comprises a plurality of openings, and the
cavities are arranged in the openings.

10. The liquid crystal display panel of claim 1 wherein a
depth of the cavities is 0.3 pm to 1.0 pm.

11. The liquid crystal display panel of claim 1, wherein the
height of the first spacers and the height of the second spacers
are substantially the same.

12. The liquid crystal display panel of claim 1, wherein the
color filter substrate comprises a plurality of shielding
regions, and the first spacers and the second spacers are
formed on the shielding regions.

13. The liquid crystal display panel of claim 12, wherein
the first spacers and the second spacers are made ofan organic
photoresist.

14. The liquid crystal display panel of claim 1, wherein the
color filter substrate comprises a plurality of pixel regions, the
over coat layer has a first thickness at positions corresponding
to the pixel regions, and a second thickness at positions cot-
responding to the second spacers, wherein the first thickness
greater than the second thickness, and a thickness difference
between the first thickness and the second thickness is 0.3 pm
t0 1.0 um.

15. The liquid crystal display panel of claim 1, wherein
there is no common electrode layer under the second spacers.

16. The liquid crystal display panel of claim 1, wherein the
color filter substrate comprises a plurality of pixel regions, the
passivation layer has a third thickness at positions corre-
sponding to the pixel regions, and a fourth thickness at posi-
tions corresponding to the second spacers, wherein the third
thickness is greater than the fourth thickness, and a thickness
difference between the third thickness and the fourth thick-
ness is 0.3 pm to 1.0 um.

17. The liquid crystal display panel of claim 1, wherein the
common electrode layer is covered by the passivation layer
and is not in direct contact with the pixel electrode layer.

18. The liquid crystal display panel of claim 1, wherein the
color filtering substrate comprises a transparent conductive
layer.
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19. The liquid crystal display panel of claim 1, wherein the
color filtering substrate comprises a transparent organic pho-
toresist layer.

20. The liquid crystal display panel of claim 1, wherein the
array substrate comprises an insulating layer.

® 0% % % %
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