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LIQUID CRYSTAL DISPLAY AND SUPPORT
STRUCTURE THEREOF

[0001] This application claims the benefits of the priority
based on Taiwan Patent Application No. 096113322 filed on
Apr. 16, 2007; the disclosures of which are incorporated by
reference herein in their entirety.

CROSS-REFERENCES TO RELATED

APPLICATIONS
[0002] Not applicable.
BACKGROUND OF THE INVENTION
[0003] 1. Field of the Invention
[0004] The present invention relates to a liquid crystal dis-

play and a support structure thereof. Particularly, the present
invention relates to a support structure with spacers that are
correspondingly disposed along the scan lines in a vertical
alignment liquid crystal display.

[0005] 2. Descriptions of the Related Art

[0006] LCDs have replaced conventional monitors in the
display market due to their low power consumption, light
weight, low radiation and good portability. In general, an
LCD comprises a backlight module, liquid crystal panel and
color filter. The liquid crystal panel comprises an upper sub-
strate, a lower substrate and liquid crystals being filled
between the two substrates. The twisted orientation of the
liquid crystals in the pixels can be controlled by the control
elements on the substrates, so that the luminance of the pixels
can be adjusted by letting varying amounts of light from the
backlight module through the apparatus.

[0007] Conventionally, ball spacers are used to create a gap
between the upper and lower substrates so that liquid crystals
may be filled between the upper substrate (typically a color
filter substrate) and lower substrate (typically a thin film
transistor substrate). However, the size and location of the
conventional ball spacers are difficult to control, often result-
ing in an uneven space between the substrates. As a result,
photo-spacers are now used in place of the conventional ball
spacer because their photolithography technology allows for
more size and location control.

[0008] In addition, mixed photo-spacers can be used to
support the substrates when the liquid crystals are filled using
the one drop fill (ODF) process. The performance at the
borders of the pixels can be improved due to the structure of
the photo-spacers. That is, the photo-spacers comprise main
photo-spacers and sub photo-spacers both disposed on the
upper substrate but at different locations and with different
shapes and distribution proportions. The main photo-spacers
are placed against the lower substrate directly, while the sub
photo-spacers form a gap with the lower substrate. When the
substrates are subjected to an external force, the sub photo-
spacers align along the lower substrate for additional support.
[0009] However, even with this type of spacer, there are still
disadvantages. For example, the different locations of the
spacers will directly affect the aperture ratio of the pixels. In
vertical alignment LCDs, the inappropriate spacer disposi-
tion may affect the rotation angle of the liquid crystals. With
the different size and distribution patterns, the sizes of both
kinds of photo-spacers must be monitored during the manu-
facturing process of the color filter, resulting in difficult moni-
toring processes. Additionally, in the conventional spacer
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distribution pattern, the spacers are disposed with a relatively
large pitch, giving rise to insufficient support.

[0010] Thus, it is important to provide a liquid crystal dis-
play and a support structure thereof that can provide sufficient
support, while maintaining the aperture ratio of the pixels.

SUMMARY OF THE INVENTION

[0011] The primary objective of this invention is to provide
a liquid crystal display and a support structure thereof.
Because the scan lines per se have a certain thickness, the
spacers are correspondingly disposed along the scan lines in
the support structure of this invention. Furthermore, the spac-
ers will not affect the aperture ratio of the pixels, nor will their
shapes affect the alignment and rotation of the liquid crystals
because the spacers are not disposed in the display area.
[0012] Another objective of this invention is to provide a
liquid crystal display and a support structure thereof, in which
the spacers are disposed on the color filter substrate in a
periodical arrangement. Since the spacers can all be of the
same size, the manufacturing process can be simplified. In the
manufacturing process of the control module of the thin film
transistor (TFT) substrate, some areas are purposely designed
to have a thicker structure for making contact with some of the
spacers, while other areas are designed to have a thinner
structure to keep separate itself from the spacer. Again, the
spacers can only provide auxiliary support when the sub-
strates are pressed. In other words, the distribution propor-
tions of the two kinds of spacers can be decided in this
invention by determining the different thickness of the con-
trol module.

[0013] Yet afurther objective of this invention is to provide
a liquid crystal display and a support structure thereof. The
structure of this invention can be easily integrated into the
manufacturing process. For example, when the data lines are
being deposited, a metallic layer that is only used to increase
the thickness, but serves no conductive function, can be
formed in some areas of the scan lines to increase the thick-
ness of these areas. With the provision of this metallic layer,
different spaces will be formed between the control module
and the spacers, so that after the ODF process, the liquid
crystal borders will have a better performance and the panel
will have a high resistance to compression.

[0014] To achieve the abovementioned objectives, this
invention discloses a liquid crystal display and a support
structure thereof. The liquid crystal display comprises a first
substrate, a second substrate, a vertical alignment liquid crys-
tal layer, a plurality of scan lines, a plurality of data lines and
a plurality of display control elements. The scan lines and the
data lines are formed on the second substrate to define the
display units, while the display control elements are disposed
on the display units to correspond respectively to a scan line
and a data line. The support structure comprises a control
module assembly and a spacer assembly, wherein the spacer
assembly is disposed on the first substrate and facing toward
the control module assembly, which is disposed on the second
substrate. The spacer assembly comprises a plurality of first
spacers and a plurality of second spacers. The control module
assembly is divided into a plurality of first control modules
and a plurality of second control modules, wherein the first
spacers are at least partially in contact with the first control
modules, and an interval is formed between the second spac-
ers and the second control modules. The first and second
spacers are correspondingly disposed on the display units
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respectively. All spacers are disposed along the scan lines of
the second substrate correspondingly.

[0015] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended draw-
ings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic view illustrating an LCD;
[0017] FIG. 2 is a partial top view illustrating the LCD
structure of the present invention;

[0018] FIG. 3 is a schematic cross-sectional view illustrat-
ing a portion of spacers of the present invention that are
directly in contact with the control module; and

[0019] FIG. 4 is a schematic cross-sectional view illustrat-
ing the other spacers of the present invention that form an
interval with the control module.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] FIG. 1 is a schematic view illustrating an LCD 10.
The LCD 10 comprises a first substrate 20, a second substrate
30 and a control module assembly 40. The control module
assembly 40 is disposed on the second substrate 30 to help
control the luminance of the individual display pixels. Addi-
tionally, a liquid crystal layer 12, such as a vertical alignment
(VA) liquid crystal layer, is encapsulated between the first
substrate 20 and the second substrate 30 with a sealing struc-
ture 11 disposed on the periphery of the substrates. The first
substrate 20 is generally a color filter substrate, while the
second substrate 30 is generally a TFT substrate.

[0021] In FIG. 2, a partial top view of the LCD 10 is
depicted to illustrate the detailed structure more clearly. The
second substrate 30 has a plurality of scan lines 41, a plurality
of data lines 43 and a control module assembly 40 formed
thereon, wherein the scan lines 41 and the data lines 43 are
adapted to define a plurality of display units 50. The second
substrate 30 has a plurality of display control elements 51
disposed thereon, for example, a plurality of TFTs, such as
those with bottom-gate structures. The display control ele-
ments 51 are correspondingly disposed on the display units
50 and connected to a scan line 41 and a data line 43 respec-
tively. The twist of the liquid crystals in the display units 50 is
then controlled by both the display control elements 51 and
the signals transferred through the scan lines 41 and data lines
43 to determine whether to let light in or not.

[0022] While the control module assembly 40 is disposed
on the second substrate 30, a spacer assembly 60 is disposed
on the first substrate 20 corresponding to the display units 50
and facing toward the control module assembly 40. The
spacer assembly 60 comprises a plurality of spacers, and
more particularly, a plurality of first spacers 61 and a plurality
of'second spacers 63. This invention is unique in that the first
spacers 61 and second spacers 63 are both disposed along the
scan lines 41, thus, maintaining the aperture ratio of the
display units 50. A cross-sectional view along line 3-3' from
FIG. 2 is depicted in FIG. 3, while a cross-sectional view
along line 4-4' is depicted in FIG. 4. The first spacers 61
partially come into contact with the control module assembly
40, while an interval d1 is formed between the second spacers
63 and the control module assembly 40.
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[0023] The control module assembly 40 can be divided into
a plurality of first control modules 70a corresponding to the
first spacers 61 and a plurality of second control modules 7056
corresponding to the second spacers 63. More specifically,
the first control modules 70a of the present invention has a
first thickness t1, while the second control modules 705 has a
second thickness t2 that is smaller than the first thickness t1.
In this way, the first control modules 70a can come into
contact with the first spacers 61, while an interval d1 is
formed between the second control modules 706 and the
second spacers 63.

[0024] With the first spacers 61 directly in contact with the
first control modules 70a, at least an interval is maintained
between the first substrate 20 and the second substrate 30 for
receiving the liquid crystals. Furthermore, once the panel is
pressed, the second spacers 63 will press against the second
control modules 705 to provide auxiliary support.

[0025] Referring back to FIG. 3, each of the first control
modules 70a comprises a first metallic layer 41a, a dielectric
layer 71, a second metallic layer 73, a passivation layer 75 and
a transparent electrode 77 that are sequentially stacked to
form the first thickness t1. The second metallic layer 73 can be
formed using the same manufacturing process as the data
lines 43, but remains insulated from the data lines 43, i.e., the
second metallic layer 73 does not serve any conductive func-
tion, but is only used to increase the first thickness t1 of the
first control modules 70a. The advantage is that in the tech-
nology disclosed in the present invention, no other manufac-
turing process is needed to increase the first thickness t1. It
should be noted that, the first metallic layer 41a is electrically
connected to the scan lines 41, and in fact, the first spacers 61
and the second spacers 63 can be directly formed along the
scan lines 41. Since the first spacers 61 and the second spacers
63 are located on the scan lines 41 between the pixels, the
aperture ratio and liquid crystal twists are maintained. As a
result, the pixel performance is unaffected. Furthermore, this
invention can be easily integrated into conventional processes
to lower manufacturing costs. Additionally, to increase the
first thickness t1 of the first control modules 70a, any layered
structure thereof can be designed to increase its thickness
during the manufacturing process to reach the objective of the
present invention. As is well known, the first substrate 20 also
has a black matrix structure 21 and a light filtering layer 23
disposed thereon, which are well-known to those people
skilled in this field and will not be described herein.

[0026] Referring back to FIG. 4, each of the second control
modules 705 comprises a first metallic layer 41a, a dielectric
layer 71, a passivation layer 75 and a transparent electrode 77
that are sequentially stacked to form the second thickness t2.
Since the second control modules 7056 don’t need an increased
thickness, the second thickness t2 will be thinner than the first
thickness t1 of the first control modules 70a, and therefore an
interval d1 is formed between the second control modules 7056
and the second spacers 63.

[0027] The aforesaid first spacers 61 and the second first
spacers 63 are preferably made of photosensitive materials.
Also, the amount of first spacers 61 compared to the second
spacers 63 ranges from 1:1 to 1:20. The technology of this
invention is especially suitable for use in the vertical align-
ment (VA) LCD.

[0028] Inaccordance with the technology disclosed herein,
the spacers of the LCD are all disposed along the scan lines in
a mixed distribution, in which some spacers directly press
against the control module, while others form an interval with
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the control module depending on the thickness of the scan
lines. This can provide sufficient support without the need of
any additional processes and without changing the aperture
ratio of the display pixels.

[0029] The above disclosure is related to the detailed tech-
nical contents and inventive features thereof. People skilled in
this field may proceed with a variety of modifications and
replacements based on the disclosures and suggestions of the
invention as described without departing from the character-
istics thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. A support structure for use in a liquid crystal display, the
liquid crystal display comprising a first substrate, a second
substrate, a plurality of scan lines and a plurality of data lines,
in which the scan lines and the data lines are disposed on the
second substrate to define a plurality of display units, the
support structure at least comprising:

a control module assembly, being disposed on the second

substrate and correspondingly at the scan lines; and

a spacer assembly, comprising a plurality of first spacers

and a plurality of second spacers in which the first and
second spacers are disposed on the first substrate facing
toward the control module assembly;

wherein the first spacers at least partially contact with the

control module assembly, an interval is formed between
the second spacers and the control module assembly, and
the first and second spacers are disposed at the scan
lines, correspondingly.

2. The support structure as claimed in claim 1, wherein the
liquid crystal display is a vertical alignment liquid crystal
display.

3. The support structure as claimed in claim 2, wherein the
liquid crystal display further comprises a plurality of thin-
film-transistors being disposed at the display units respec-
tively, in which each of the thin-film-transistors has a gate
structure.

4. The support structure as claimed in claim 2, wherein the
control module assembly has a first thickness corresponding
to the first spacers for contacting therewith.

5. The support structure as claimed in claim 4, wherein the
control module assembly comprises a first metallic layer, a
dielectric layer, a second metallic layer, a passivation layer
and a transparent electrode being sequentially stacked to form
the first thickness.

6. The support structure as claimed in claim 5, wherein the
first metallic layer electrically connects with the scan line.

7. The support structure as claimed in claim 6, wherein the
second metallic layer and the data line are formed in one
structure layer with isolation therebetween.

8. The support structure as claimed in claim 4, wherein the
control module assembly has a second thickness correspond-
ing to the second spacers, in which the second thickness is
smaller than the first thickness.

9. The support structure as claimed in claim 8, wherein the
control module assembly comprises a first metallic layer, a
dielectric layer, a passivation layer and a transparent elec-
trode being sequentially stacked to form the second thickness.

10. The support structure as claimed in claim 1, wherein the
second spacers and the first spacers substantially have a pro-
portion in quantity from 1 to 20.
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11. The support structure as claimed in claim 1, wherein
each of the first and second spacers is made of a photosensi-
tive material.

12. A liquid crystal display, comprising:

a first substrate;

a second substrate;

a plurality of scan lines, being disposed on the second

substrate;

a plurality of data lines, being disposed on the second
substrate to define a plurality of display units with the
scan lines;

a plurality of display control elements, being disposed on
the second substrate, wherein the display control ele-
ments are correspondingly disposed with the display
units and connected with the scan lines and the data
lines, respectively;

a plurality of spacers, being disposed on the first substrate
corresponding to the display units respectively, and also
being disposed at the scan lines on the second substrate,
correspondingly; and

aplurality of first control modules and a plurality of second
control modules, being disposed on the second substrate
and corresponding to the spacers respectively, wherein
the first control modules correspondingly contact with
the spacers, and an interval is formed between each of
the second control modules and the spacers.

13. The liquid crystal display as claimed in claim 12,
wherein the liquid crystal display is a vertical alignment
liquid crystal display.

14. The liquid crystal display as claimed in claim 13,
wherein each of the display control elements is a thin-film-
transistor having a gate structure.

15. The liquid crystal display as claimed in claim 13,
wherein the first control modules have a first thickness for
contacting with the spacers, correspondingly.

16. The liquid crystal display as claimed in claim 15,
wherein each of the first control modules comprises a first
metallic layer, a dielectric layer, a second metallic layer, a
passivation layer and a transparent electrode being sequen-
tially stacked to form the first thickness.

17. The liquid crystal display as claimed in claim 16,
wherein the first metallic layer electrically connects with the
scan line.

18. The liquid crystal display as claimed in claim 17,
wherein the second metallic layer and the data line are formed
in one structure layer with isolation therebetween.

19. The liquid crystal display as claimed in claim 15,
wherein the second control module has a second thickness
corresponding to the spacers, in which the second thickness is
smaller than the first thickness.

20. The liquid crystal display as claimed in claim 19,
wherein the second control module assembly comprises a
first metallic layer, a dielectric layer, a passivation layer and a
transparent electrode being sequentially stacked to form the
second thickness.

21. The liquid crystal display as claimed in claim 12,
wherein the second control modules and the first control
modules substantially have a proportion in quantity from 1 to
20.

22. The liquid crystal display as claimed in claim 12,
wherein each of the spacers is made of a photosensitive mate-
rial.
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23. A liquid crystal display, comprising:

a first substrate;

a second substrate;

a plurality of scan lines, being disposed on the second
substrate;

a plurality of data lines, being disposed on the second
substrate and defining a plurality of display units with
the scan lines;

a vertical alignment liquid crystal layer, being disposed
between the first substrate and the second substrate;

a plurality of display control elements, being disposed on
the second substrate, wherein the display control ele-
ments are correspondingly disposed with the display
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units and connected with the scan lines and the data
lines, respectively;

a plurality of spacers, being disposed on the first substrate
corresponding to the display units respectively, and also
being disposed at the scan lines on the second substrate,
correspondingly; and

a plurality of first control module and a plurality of second
control modules, being disposed on the second substrate
and corresponding to the spacers respectively, wherein
the first control modules correspondingly contact with
the spacers, and an interval is formed between each of
the second control modules and the spacers.
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