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(57) ABSTRACT

An LCD device (10) includes a liquid crystal layer (17)
interposed between the first (11) and second (19) substrates,
a scalant (18) disposed at a peripheral region of the LCD
between the first and second substrates for sealing a space
between the first and second substrates, and a color filter
layer (123) at the first substrate opposite to the second
substrate. Furthermore, a photo spacer pattern (15) including
a plurality of photo spacers being provided at the color filter
layer. The photo spacers are provided within the space and
outside the sealant at peripheral portions of the first and
second substrates. A distributive density of photo spacers
(152) within the space near an interior side of the sealant is
larger than a distributive density of photo spacers (153)

Apr. 30, 2004 (TW).coorocercerenecemrccciereces 93112185 within the space distal from the interior side of the sealant.
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LIQUID CRYSTAL DISPLAY DEVICE WITH
PHOTO SPACERS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to liquid crystal dis-
play (LCD) devices, and more particularly to an LCD device
having photo spacers between substrates thereof.

[0003] 2. Description of the Related Art

[0004] An LCD device has the advantages of portability,
low power consumption, and low radiation, and has been
widely used in various portable information products such as
notebooks, personal digital assistants (PDAs), video cam-
eras and the like. Furthermore, the LCD device is considered
by many to have the potential to completely replace CRT
(cathode ray tube) monitors and televisions.

[0005] In a TFT-LCD (thin film transistor liquid crystal
display) device, spacers are provided between two substrates
of the device to maintain a cell gap between the substrates.
The spacers may be plastic beads, glass beads, or glass
fibers. Generally, the spacers are distributed onto one of the
substrates during manufacturing of the device. The method
of distribution may, for example, be spraying. The spacers
are used to keep the cell gap consistent, so as to ensure that
the device performs accurately and reliably. However, many
or most of the spacers are deposited in a display region of the
device. These spacers cause light scattering, which is liable
to generate white point defects. Thus, the contrast and the
display performance of the device are impaired. For this
reason, photo spacers formed by a photolithographic process
have been developed to replace conventional plastic beads,
glass beads, or glass fibers. Dimensions and positions of the
photo spacers are configured to avoid affecting the trans-
mission of light, while at the same time ensuring a uniform
cell gap. Thus, the display performance of the device is
enhanced.

[0006] Referring to FIG. 7, this is a simplified, schematic,
side cross-sectional view of a conventional LCD device
having photo spacers. In the process of making the LCD
device 70, firstly, a color pixel layer 174 and a black matrix
layer 175 are provided on a color filter substrate 171. A
continuous photo spacer 176 is formed on a peripheral
region of the color filter substrate 171. The photo spacer 176
is located at an outside of the black matrix 175 and the color
pixel layer 174, and is spaced a predetermined distance from
the black matrix layer 175. Secondly, a sealant 177 is formed
on a TFT substrate 179. The sealant 177 is located opposite
to an outside of the photo spacer 176. Drops of liquid crystal
178 are dispensed onto the TFT substrate 179 one by one.
Then the color filter substrate 171 is pressed face-to-face
onto the TFT substrate 179 under vacuum, and the sealant
177 is cured by applying ultraviolet light thereto. The color
filter substrate 171 and the TFT substrate 179 are thus
engaged together to form the LCD device 70.

[0007] The black matrix and the color pixel layers 175,
174 are separated from the sealant 177 by the photo spacer
176. When ultraviolet light is applied from a top side of the
color filter substrate 171 to cure the sealant 177, the black
matrix layer 175 does not interfere with the irradiation of the
sealant 177. In other words, there are no light shielding
problems, and the sealant 177 can be completely cured.

1. Field of the Invention
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Moreover, during the curing process, the sealant 177 does
not contact the liquid crystal 178, so the liquid crystal 178
cannot be soiled or damaged.

[0008] However, the photo spacer 176 is only formed at
the peripheral region of the LCD device 70. Portions of the
substrates 171, 179 at the black matrix and color pixel layers
175, 174, and at peripheral regions outside the sealant 177,
are not directly supported by the photo spacer 176. There-
fore, the distance between the substrates 171, 179 may not
be uniform. That is, the LCD device 70 may not have a
consistent cell gap, which can impair the display character-
istics of the LCD device 70.

[0009] Tt is desired to provide an improved LCD device
which overcomes the above-described deficiencies.

SUMMARY OF THE INVENTION

[0010] An LCD device in accordance with one preferred
embodiment of the present invention includes a first sub-
strate, a second substrate opposite to the first substrate, a
liquid crystal layer interposed between the first and second
substrates, a sealant disposed at a peripheral region of the
liquid crystal display device between the first and second
substrates for sealing a space between the first and second
substrates, and a color filter layer at the first substrate
opposite to the second substrate. Furthermore, a photo
spacer pattern including a plurality of photo spacers being
provided at the color filter layer. The photo spacers are
provided within the space and outside the sealant at periph-
eral portions of the first and second substrates. A distributive
density of photo spacers within the space near an interior
side of the scalant is larger than a distributive density of
photo spacers within the space distal from the interior side
of the sealant.

[0011] The photo spacers are formed not only within the
space but also outside the sealant at a peripheral portion
between the substrates. This configuration ensures that the
LCD device has a consistent cell gap, and can therefore
provide a steady, reliable display.

[0012] Other objects, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a simplified, schematic, side cross-sec-
tional view of an LCD device according to a first embodi-
ment of the present invention,

[0014] FIG. 2 is a cross-sectional view of the LCD device
of FIG. 1, corresponding to line II-II thereof;

[0015] FIG. 3 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to a second embodiment of the present invention;

[0016] FIG. 4 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to a third embodiment of the present invention;

[0017] FIG. 5 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to a fourth embodiment of the present invention;
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[0018] FIG. 6 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to a fifth embodiment of the present invention;
and

[0019] FIG. 7 is a simplified, schematic, side cross-sec-
tional view of a conventional LCD device.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0020] Reference will now be made to the drawings to
describe the present invention in detail.

[0021] FIG. 1 is a schematic, side cross-sectional view of
an LCD device according to the first embodiment of the
present invention. The LCD device 10 includes a transparent
first substrate 11, a transparent second subtrste 19 opposite
to the first substrate 11, and a layer of liquid crystal
molecules 17 sandwiched between the substrates 11, 19.
Referring also to FIG. 2, a sealant 18 is disposed at a
peripheral region of the substrates 11, 19 to engage the
substrates 11, 19 together and seal a space 110 therebetween.
A photo spacer pattern 15 is disposed between the substrates
11, 19, for supporting the substrates 11, 19 and maintaining
the space 110 as between the substrates 11, 19.

[0022] The second substrate 19 comprises a plurality of
electrodes (not labeled), which are used for generating an
electric field to drive the liquid crystal molecules 17.

[0023] The first substrate 11 has a color filter layer 123,
which includes a black matrix 12, a color layer 13, and a
transparent conductive layer 14. The black matrix 12 defines
a plurality of recesses, and the color layer 13 has a plurality
of red (R), green (G), blue (B) color resists filling in the
recesses. The transparent conductive layer 14 covers the
color layer 13 and the black matrix 12. The sealant is
disposed at an exterior margin of the black matrix 12.

[0024] The photo spacer pattern 15 comprises three groups
of photo spacers, the photo spacers in the groups being
designated 151, 152, 153 respectively. The photo spacers
151 are discontinuously disposed on the transparent con-
ductive layer 14 in a main central part of the space 110. The
photo spacers 152 are discontinuously deposited on the
transparent conductive layer 14 in a peripheral part of the
space 110. The photo spacers 153 are discontinuously dis-
posed outside the sealant 18 between the peripheral regions
of the substrates 11, 19. The photo spacers 151 are formed
as a plurality of discrete columnar protrusions. The photo
spacers 151 are disposed in a central display area of the LCD
device 10 in positions corresponding to the black matrix 12.
The photo spacers 152 are formed as a plurality of discrete
columnar protrusions. The photo spacers 152 are disposed in
an array adjacent and substantially parallel to the sealant 18,
and are separated a distance from the sealant 18. A distribu-
tive density of the photo spacers 152 is larger than a
distributive density of the photo spacers 151. The photo
spacers 153 are formed as a plurality of discrete columnar
protrusions. The photo spacers 153 are arranged around the
sealant 18 at substantially regular intervals, and are spaced
a same distance from the sealant 18.

[0025] The photo spacers 151, 152, 153 are made of a
negative acrylic resin, and are formed by a photolithographic
process. All the photo spacers 151, 152, 153 have lower
surfaces for adhering to the second substrate 19, and all the
lower surfaces are coplanar.
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[0026] The photo spacers 151, 152, 153 are disposed
between and distributed across substantially an entire inner
surface area of each of the substrates 11, 19. This configu-
ration ensures that the LCD device 10 has a consistent cell
gap at the central display area and at a peripheral portion
outside the sealant 18.

[0027] In an alternative embodiment of the LCD device
10, the black matrix 12 is omitted. The color layer 23
comprises a plurality of color resists of red (R), green (G),
and blue (B) separately and alternately formed on a surface
of the substrate 11. The photo spacers 151 are a plurality of
individual protrusions corresponding to gaps between adja-
cent color resists. A width of the photo spacers 151 is larger
than a width of the gaps between the adjacent color resists.
The photo spacers 151 are made of an acrylic resin which
has a high optical density similar to that of a black matrix.
That is, even though the black matrix is omitted, the photo
spacers 151 can shield light.

[0028] FIG. 3 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to the second embodiment of the present inven-
tion. The LCD device 20 has a configuration similar to the
LCD device 10 of the first embodiment. The difference is
that the LCD device 20 further includes a continuous photo
spacer 299 surrounded on all sides by photo spacers 252.
The photo spacer 299 and the photo spacers 252 are all
located within a space 210 defined between the substrate and
a scalant 28, with the photo spacer 299 being substantially
parallel to the sealant 28. Because the photo spacer 299 is
continuous, a distributive density of the photo spacer 299 is
larger than a distributive density of the photo spacers 252.
This configuration of the LCD device 20 can help prevent an
interior of the LCD device 20 being soiled or damaged. The
LCD device 20 also includes photo spacers 251.

[0029] FIG. 4 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to the third embodiment of the present invention.
The LCD device 30 has a configuration similar to the LCD
device 10 of the first embodiment. The difference is that a
distributive density of photo spacers 353 is approximately
the same as a distributive density of photo spacers 352, both
these distributive densities being larger than a distributive
density of photo spacers 351.

[0030] FIG. 5 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to the fourth embodiment of the present invention.
The LCD device 40 has a configuration similar to the LCD
device 20 of the second embodiment. The difference is that
a distributive density of photo spacers 453 is approximately
the same as a distributive density of photo spacers 452, both
these distributive densities being larger than a distributive
density of photo spacers 451.

[0031] FIG. 6 is a schematic, top cross-sectional view of
a substrate and associated parts employed in an LCD device
according to the fifth embodiment of the present invention.
The LCD device 50 has a configuration similar to the LCD
device 10 of the first embodiment. The difference is that
photo spacers 552 include two types of photo spacers 554,
555. The photo spacers 554 have a hollow semi-columnar
configuration. The photo spacers 554 are disposed adjacent
and substantially parallel to a sealant 58. The photo spacer
555 are columnar, and are disposed adjacent the photo
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spacers 554 and substantially parallel to the sealant 58. The
LCD device 50 also comprises photo spacers 551, 553.

[0032] Unlike in a conventional LCD device, the photo
spacers according to the present invention are formed not
only within the space surrounded by the sealant, but also
outside the sealant at peripheral portions of the substrates.
This configuration ensures that the LCD device has a
consistent cell gap, and can provide a steady, reliable dis-
play.

[0033] It is to be understood, however, that even though
numerous characteristics and advantages of the preferred
embodiments and the present invention have been set out in
the foregoing description, together with details of the struc-
tures and functions of the embodiments and the invention,
the disclosure is illustrative only, and changes may be made
in detail, especially in matters of shape, size, and arrange-
ment of parts within the principles of the invention to the full
extent indicated by the broad general meaning of the terms
in which the appended claims are expressed.

What is claimed is:
1. A liquid crystal display device, comprising:

a first substrate;
a second substrate opposite to the first substrate;

a liquid crystal layer interposed between the first and
second substrates;

a sealant disposed at a peripheral region of the liquid
crystal display device between the first and second
substrates for sealing a space between the first and
second substrates; and

a color filter layer at the first substrate opposite to the
second substrate, a photo spacer pattern including a
plurality of photo spacers being provided at the color
filter layer, the photo spacers being provided within the
space and outside the sealant at peripheral portions of
the first and second substrates, wherein a distributive
density of photo spacers within the space near an
interior side of the sealant is larger than a distributive
density of photo spacers within the space distal from
the interior side of the sealant.

2. The liquid crystal display device as claimed in claim 1,
wherein the photo spacers are made of a negative acrylic
resin.

3. The liquid crystal display device as claimed in claim 1,
wherein the photo spacers within the space are columnar.

4. The liquid crystal display device as claimed in claim 1,
wherein at least some of the photo spacers within the space
have a hollow semi-columnar configuration.

5. The liquid crystal display device as claimed in claim 1,
wherein the photo spacers outside the sealant at peripheral
portions of the first and second substrates are columnar.

6. The liquid crystal display device as claimed in claim 1,
wherein a distributive density of the photo spacers outside
the scalant at peripheral portions of the first and second
substrates is larger than a distributive density of the photo
spacers within the space distal from the interior side of the
sealant.

7. The liquid crystal display device as claimed in claim 1,
wherein one of the substrates comprises a black matrix, and
photo spacers within the space are disposed corresponding
to the black matrix.
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8. The liquid crystal display device as claimed in claim 7,
wherein the sealant is disposed at outside of the black
matrix.

9. The liquid crystal display device as claimed in claim 7,
wherein the sealant is disposed at an exterior margin of the
black matrix.

10. The liquid crystal display device as claimed in claim
1, wherein the color filter layer comprises a plurality of color
resists of red (R), green (G), and blue (B) separately and
alternately formed at the first substrate, and photo spacers
within the space are disposed corresponding to gaps between
adjacent color resists.

11. The liquid crystal display device as claimed in claim
1, wherein the first substrate comprises an over coat layer,
and the photo spacers within the space are disposed on the
over coat layer.

12. The liquid crystal display device as claimed in claim
1, wherein the photo spacer pattern further includes a
discontinuous photo spacer disposed within the space par-
allel to and separate from the sealant.

13. A liquid crystal display device, comprising:

a first substrate;
a second substrate opposite to the first substrate;

a liquid crystal layer interposed between the first and
second substrates;

a sealant disposed at a peripheral region of the liquid
crystal display device between the first and second
substrates for sealing a space between the first and
second substrates; and

a color filter layer at the first substrate opposite to the
second substrate, a photo spacer pattern including a
plurality of photo spacers being provided at the color
filter layer, the photo spacers being provided within the
space and inside the sealant wherein a distributive
density of photo spacers within the space near an
interior side of the sealant is larger than a distributive
density of photo spacers within the space distal from
the interior side of the sealant.

14. A liquid crystal display device, comprising:

a first substrate;
a second substrate opposite to the first substrate;

a liquid crystal layer interposed between the first and
second substrates;

a sealant disposed at a peripheral region of the liquid
crystal display device between the first and second
substrates for sealing a space between the first and
second substrates; and

a color filter layer at the first substrate opposite to the
second substrate, a photo spacer pattern including a
plurality of photo spacers being provided at the color
filter layer, the photo spacers being provided within the
space and inside the sealant, wherein a dimension of
each of photo spacers within the space near an interior
side of the sealant is smaller than that of corresponding
each of photo spacers within the space distal from the
interior side of the scalant.
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