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7) ABSTRACT

A liquid crystal display panel comprises a color filter sub-
strate, a thin film transistor array substrate, and a liquid
crystal layer sealed between the two substrates. The color
filter substrate has a plurality of first spacers and a plurality
of second spacers thereon. The thin film transistor array
substrate has a plurality of recesses for containing the
second spacers. The ratio of the number of the second
spacers to the number of the first spacers is between about
10% and about 90%.
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LIQUID CRYSTAL DISPLAY PANELS

RELATED APPLICATIONS

[0001] The present application is based on, and claims
priority to, Taiwan Application Serial Number 95129816,
filed Aug. 14, 2006, the disclosure of which is hereby
incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present invention is related to a structure of a
liquid crystal display panel.

BACKGROUND OF THE INVENTION

[0003] One drop filling (ODF) process is used as a new
generation liquid crystal manufacturing technique. The ODF
process is widely used for mass production of liquid of
crystal because of its advantage of largely shortening the
time required to fill liquid crystal. Nevertheless, a bottle
neck of the ODF process is its narrow tolerance of the
amount of the filled liquid crystal. In detailed description,
tolerance of the amount of the filled liquid crystal is very
narrow under low temperature. Vacuum bubbles are easily
generated under low temperature when the amount of the
filled liquid crystal is not accurate, or photo-resist spacers
located between the color filter substrate and TFT array
substrate are diverged (in other word, vacuum bubble is a
vacuum space generated by liquid crystal volume shrinkage
under low temperature). Methods for increasing the toler-
ance of the amount of the filled liquid crystal include,
selecting a softer material for photo-resist spacers, decreas-
ing the contact area between the photo-resist spacers and
TFT array substrate and so on. These methods allow the
distance between liquid crystal cells to be modulable in the
manufacturing process to increase tolerance of the amount
of the filled liquid crystal.

SUMMARY OF THE INVENTION

[0004] For the purpose of increasing the tolerance of the
amount of filled liquid crystal in the ODF process and the
purpose of increasing pressure resistivity of the liquid crys-
tal display panel, the embodiments of the present invention
provide a liquid crystal display panel with enough pressure
resistivity. The display panel comprises a color filter sub-
strate, a TFT array substrate and a liquid crystal layer sealed
between both substrates. A plurality of first spacers and a
plurality of second spacers are located on the color filter
substrate. A plurality of recesses is located on the TFT array
substrate for containing the second spacers while the two
substrates are sealed face to face. The ratio of the number of
second spacers to the number of first spacers is from 10 to
90.

[0005] In another embodiment, the present invention pro-
vides a liquid crystal display panel. The display panel
comprises a color filter substrate, a TFT array substrate and
a liquid crystal layer sealed between both substrates. A
plurality of spacers is located on the color filter substrate. A
plurality of recesses is located on the TFT array substrate for
containing a portion of the spacers while the two substrates
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are sealed face to face. The ratio of the number of recesses
to the number of spacers is from 90% to 98%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
reference to the following detailed description, when taken
in conjunction with the accompanying drawings, wherein:
[0007] FIG. 1 illustrates a cross-sectional view of one
embodiment of the present invention;

[0008] FIG. 2 illustrates a cross-sectional view of the
liquid crystal display panel shown in FIG. 1 under pressure;
and

[0009] FIG. 3 illustrates a relationship scheme of defor-
mation of the first spacer vs. the force applied on the liquid
crystal display panel.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0010] In the present ODF process, liquid crystal is
dropped on the color filter substrate (or TFT substrate) in
vacuum and glue is coated on the rim of the TFT substrate
(or color filter substrate). Then, the color filter substrate and
the TFT substrate are assembled together. A liquid crystal
display panel is accomplished by removing the vacuum
source and admitting atmospheric air to compress the color
filter substrate or TFT substrate.

[0011] If the photo-resist spacers can not provide enough
deformation when the amount of the filled liquid crystal is
not accurate or the height of the spacers is not as expected,
then the vacuum bubbles will be generated because the
height of the spacers and the amount of the filled liquid
crystal can not match the space in the liquid crystal cell
between the two substrates. Although a softer photo-resist
spacer can be used to solve the problem caused by the
mismatch between the height of the spacers and the filled
liquid crystal, the softer photo-resist spacers do not have
enough pressure resistivity so that the yield of liquid crystal
display panel is decreased because defects are easily gen-
erated by the compressing force required for assembling the
module.

[0012] An embodiment of the present invention provides
a liquid crystal display panel. FIG. 1 illustrates a cross-
sectional view of one embodiment of the present invention.
Refer to FIG. 1, a liquid crystal display panel 100 comprises
a color filter substrate 102, a TFT substrate 104, and a liquid
crystal layer 106 sealed between the color filter substrate
102 and the TFT substrate 104. The color filter substrate 102
has a plurality of first spacers 108 and a plurality of second
spacers 110. The TFT substrate 102 has a plurality of
recesses 112. The location of the recesses 112 corresponds to
the position of the second spacers 110. The size of the recess
112 is proper for containing the second spacer 110. The color
filter substrate 102 further comprises a black matrix layer
103. The preferred location of the second spacers 110 is on
the black matrix layer 103 to avoid possible light leakage.
[0013] The depth of the recesses is from about 0.2 um to
about 0.8 um. The height of the first spacers 108 and the
second spacers 110 is from about 1 um to about 10 pm. The
ratio of the number of the second spacers 110 to the number
of the first spacers is from about 10 to about 90. The location
of the recesses 112 corresponds to the position of the second
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spacers 110 for providing supporting force when an external
force is applied upon the liquid crystal display panel.
[0014] In the present embodiment, the first spacers 108
and the second spacers 110 may be disposed on the color
filter substrate (or the TFT array substrate) while the
recesses are formed on the TFT array substrate (or the color
filter substrate).

[0015] In the present embodiment, the first spacers 108
and the second spacers 110 are different in shape, height or
both. The first spacers 108 are located between the color
filter substrate 102 and the TFT substrate 104. The TFT
substrate 104 has recesses 112 corresponding to the position
of the second spacers 110. Ah is defined as the distance
between the bottom (top) portion of the recesses 112 and the
second spacers 110 as shown in FIG. 1. The shape of the
second spacers 110 can be cylinder, cuboid, cone-shape, or
other pillar like shape. The width of the cross section of the
second spacers 110 is from about 9 um to about 11 pum.
[0016] Referring to FIG. 2, FIG. 2 illustrates a cross-
sectional view of the liquid crystal display panel shown in
FIG. 1 under pressure. When an external force 10 provided
by air pressure is applied upon the liquid crystal display
panel while the volume of the liquid crystal layer shrinks at
low temperature, the first spacers 108, such as the photo-
resist spacers illustrated in the FIG. 1 will be elastically
deformed and become the spacers 108' illustrated in the FIG.
2. The distance between the color filter substrate 102 and
TFT substrate 104 is thus decreased so that vacuum bubbles
can be avoided. The tolerance of the amount of the filled
liquid crystal can be increased to allow the amount of the
filled liquid crystal and the height of the spacers to be well
matched and vacuum bubbles can be avoided when the
change of liquid crystal volume or the drifting of the height
of the photo-resist spacers occurs.

[0017] Referring to FIG. 1 and FIG. 2, the top of the
second spacers 110 do not contact with the bottom (top)
surface of the recesses 112 until the shortened distance
between the color filter substrate 102 and TFT substrate 104
reaches Ah. The recess 112 contains the second spacer 110.
The cross section area of the recess 112 is equal to or slightly
larger than the cross section area of the second spacer 110.
For example, in the present embodiment, a height of the first
spacer 108 may be substantially equal to that of the second
spacer 110. For example, in the present embodiment, the
cross section area of the recess 112 may be slightly larger
than a smallest or a largest cross section area of the second
spacer 110.

[0018] FIG. 3 illustrates a relationship scheme of defor-
mation of the first spacer vs. the force applied on the liquid
crystal display panel. When an external force 10 provided by
the air-pressure is applied upon the liquid crystal display
panel while the volume of the liquid crystal layer shrinks at
low temperature, the first spacers is elastically deformed and
the distance between the color filter substrate 102 and TFT
substrate 104 is decreased. At this moment, the relationship
between the shortened distance and the external force
applied upon the liquid crystal display panel 100 is illus-
trated as the solid line in FIG. 3. When the external force
increases, the shortened distance between the color filter
substrate 102 and TFT substrate 104 reaches Ah and the top
of the second spacers 110 contacts with the bottom (top)
surface of the recesses 112. The second spacers 110 provide
more supporting force to resist the external force. At this
moment, the relationship between the shortened distance
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and the external force applied upon the liquid crystal display
panel 100 is illustrated as the dotted line in FIG. 3. The
shortened distance will not be increased anymore when the
shortened distance reaches the maximum value of the solid
line. Therefore, the liquid crystal display panel can resist
more pressure. The structure disclosed in the present
embodiment provides higher pressure resistivity to the liquid
crystal display panel.

[0019] In another embodiment of the present invention,
the first spacers and the second spacers are the same in shape
and size. The first spacers and the second spacers are formed
in one lithographic process. The ratio of the amount of
recesses located on the TFT substrate to the total amount of
the spacers is from about 90% to about 98%.

[0020] In the other embodiment of the present invention,
the first spacers and the second spacers may be made from
different materials. The first spacers are made from more
elastic material, such as photo-resist and the second spacers
are made from more rigid material, such as silicon oxide,
silicon nitride, silicon oxynitride and so on for providing
high pressure resistivity to the liquid crystal display panel.
[0021] The disclosures of the embodiments of the present
invention provide different shape designs and locations of
spacers. The spacers located between the TFT substrate and
the color filter substrate provide enough deformation under
the compressing step of the ODF process. Therefore, the
tolerance of the amount of the filled liquid crystal can be
increased and the vacuum bubbles can be either decreased or
avoided. Furthermore, when a force is applied upon the
liquid crystal display panel, the distance between the color
filter substrate and the TFT substrate is decreased and the
backup spacers on the color filter substrate are inserted in the
recesses on the TFT substrate to provide more supporting
force. Then, the liquid crystal display panel has higher
pressure resistivity.

[0022] The spacers are located on one side of the color
filter substrate. There are two kinds of spacers, major spacers
and assistant spacers. The major spacers and the assistant
spacers are the same or different in shape, size or both. The
assistant spacers correspond to the recesses located on the
TFT substrate to provide higher pressure-resistivity to the
liquid crystal display panel when the deformation of the
major spacers equals to or excesses Ah. Only the major
spacers contact with the TFT substrate and the color filter
substrate when the liquid crystal display panel is manufac-
tured. While a force is provided to the liquid crystal display
panel, the major spacers are deformed and the deformation
of the major spacers reaches Ah, the assistant spacers begin
to provide supporting force. Because the contact area
between the spacers and the TFT substrate increases, the
resistance to the force from outside is also increased and the
deformation of the spacers will not be increased any more.
[0023] As is understood by a person skilled in the art, the
foregoing preferred embodiments of the present invention
are illustrated of the present invention rather than limiting of
the present invention. It is intended to cover various modi-
fications and similar arrangements included within the spirit
and scope of the appended claims, such as using the design
of area change between the spacers and substrate to control
the deformation of the spacer to achieve the scheme illus-
trated in FIG. 3; the spacers are located on the black matrix
or passive layer of the color filter substrate; the recesses are
located on any position of the TFT substrate for correspond-
ing the assistant spacers; using halftone mask or controlling
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the energy of the exposure for forming recesses and spacers,
and so on, scope of which should be accorded the broadest
interpretation so as to encompass all such modifications and
similar structure.

1. A liquid crystal display panel, comprising, at least
comprises:

a first substrate having a plurality of first spacers and a

plurality of second spacers located thereon;

a second substrate having a plurality of recesses thereon

for containing the plurality of second spacers; and
aliquid crystal layer sealed between the first substrate and
the second substrate;

wherein a ratio of the number of the second spacers to the

number of the first spacers is from about 10 to about 90.

2. The display panel of claim 1, wherein the first spacers
and the second spacers are made of the same material.

3. The display panel of claim 1, wherein a depth of the
recesses is from about 0.2 um to about 0.8 pum.

4. The display panel of claim 1, further comprising a black
matrix disposed on the first substrate, wherein at least one of
the first spacers and the second spacers is disposed on the
black matrix.

5. The display panel of claim 1, wherein a height of the
first spacers is substantially equal to that of the second
spacers.

6. The display panel of claim 1, wherein a cross section
area of the recess is slightly larger than a largest cross
section area of the second spacer.

7. The display panel of claim 1, wherein a cross section
area of the recess is slightly larger than a smallest cross
section area of the second spacer.

8. The display panel of claim 1, wherein a cross section
area of the recess is slightly larger than a cross section area
of the second spacer.

9. The display panel of claim 1, wherein a height of the
first spacers is from about 1 pm to about 10 pm.
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10. The display panel of claim 1, wherein a height of the
second spacers is from about 1 um to about 10 pm.

11. A liquid crystal panel, comprising:

a first substrate having a plurality of spacers located

thereon;

a second substrate having a plurality of recesses thereon

for containing a portion of the spacers; and

a liquid crystal layer sealed between the first substrate and

the second substrate;

wherein a ratio of the number of the recesses to the

number of the spacers is from about 90% to about 98%.

12. The display panel of claim 11, wherein a depth of the
recesses is from about 0.2 um to about 0.8 pum.

13. The display panel of claim 11, further comprising a
black matrix located between the plurality of spacers and the
first substrate.

14. The display panel of claim 11, wherein a cross section
area of the recess is slightly larger than a largest cross
section area of the spacer.

15. The display panel of claim 11, wherein a cross section
area of the recess is slightly larger than a smallest cross
section area of the spacer.

16. The display panel of claim 1, wherein a cross section
area of the recess is slightly larger than a cross section area
of the spacer.

17. The display panel of claim 11, wherein a height of the
spacers is from about 1 pm to about 10 pum.

18. The display panel of claim 1, wherein the first
substrate is a color filter substrate and the second substrate
is a thin film transistor array substrate.

19. The display panel of claim 11, wherein the first
substrate is a color filter substrate and the second substrate
is a thin film transistor array substrate.
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