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(57) ABSTRACT

A liquid crystal display (LCD) having a narrow cell gap is
produced by a one-drop fill (ODF) process. Openings are
formed in the protection layer on a thin film transistor (TFT)
array substrate. These openings are located on the corre-
sponding positions of photoresist spacers and a photoresist
guard ring on a color filter substrate to receive the photo-
resist spacers and the photoresist guard ring and allow them

TION
to be in contact with the TFT array substrate. Therefore, the
(21) Appl. No.: 10/883,274 poor display quality problem caused by the photoresist
spacers and the photoresist guard ring with uneven heights
(22) Filed: Jul. 1, 2004 can be resolved.
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LIQUID CRYSTAL DISPLAY HAVING NARROW
CELL GAP AND METHOD OF PRODUCING THE
SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display and a method of producing the same. More particu-
larly, the present invention relates to a liquid crystal display
having a narrow cell gap and a method of producing the
same.

[0003] 2. Description of Related Art

[0004] With the progress of the technology development,
liquid crystal display (LCD) has been widely applied in
many display devices of various electronic products, such as
projection televisions, mobile phones, and cameras. There-
fore, higher quality LCDs are required, and LCD processes
must accordingly be improved.

[0005] A one-drop fill (ODF) process has replaced the
conventional liquid crystal injection process to simplify the
LCD processes. Control of cell gap uniformity of an LCD is
very important for the ODF process. If the cell gap unifor-
mity is poor, a color mura phenomena will occur when the
LCD displays images. Furthermore, the cell gap also needs
to be decreased to increase the electrical field strength. Thus,
the response time of liquid crystal molecules is decreased to
increase the LCD display quality. Therefore, one develop-
ment trend in LCD production is a narrower cell gap.

[0006] However, producing an LCD having a uniform
narrow cell gap is difficult. FIG. 1 is a cross-sectional
diagram of a conventional LCD having a narrow cell gap. In
FIG. 1, a right part of the dashed line 105 is active area 140
with LCD pixels located therein. A left part of the dashed
line 105 is peripheral area 150 where control circuits and
other peripheral circuits are located.

[0007] In FIG. 1, a protection layer 125 is located on a
first substrate 110, and photoresist spacers 135¢ and a
photoresist guard ring 135b are formed on a second substrate
120. The photoresist guard ring 135b is located along the
margin of the second substrate 120 to surround the liquid
crystal layer 132 formed by a subsequent ODF process.
Then, the first substrate 110 and the second substrate 120 are
assembled so that they are parallel to each other, and the
protection layer 125, the photoresist spacers 1354 and the
photoresist guard ring 135b are located between the first
substrate 110 and the second substrate 120. A sealant 130 is
used to seal the space between the first substrate 110 and the
second substrate 120. Hence, the distance between the
surface of the second substrate 120 and the surface of the
protection layer 125 is the cell gap 138.

[0008] The heights of the photoresist spacers 1354 and the
photoresist guard ring 1356 have to be the same as that of the
cell gap 138 to maintain the cell gap 138. Due the limited
precision of the process, some deviations occur between the
heights of the photoresist spacers 1354 and the photoresist
guard ring 1356 and that of the cell gap 138. In addition, the
compressibility of the photoresist spacers 135¢ and the
photoresist guard ring 135b is less when the cell gap 138 is
narrower. Therefore, when the photoresist spacers 1354 and
the photoresist guard ring 135b are shorter than 3 um, the
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compressible amount is usually less than the height devia-
tions. Thus, a uniform cell gap 138 throughout the entire
LCD is difficult to achieve.

[0009] For example, when the desired heights of the
photoresist spacers 135z and the photoresist guard ring 135b
are 2.5 um, the height deviations of the individual photore-
sist spacers 135z and the photoresist guard ring 135b are
about +0.4 um. However, the compressible amount of these
photoresist spacers 135z and the photoresist guard ring 135bh
is only about 0.1-0.2 um. Therefore, after the assembling
process in a vacuum, the heights of these photoresist spacers
135a and the photoresist guard ring 1355 is about 2.2-2.7
um, and some photoresist spacers 1354 and the photoresist
guard ring 1355 thus cannot be closely in contact with the
protection layer 125 on the first substrate 110.

[0010] If the photoresist spacers 135a are not closely in
contact with the protection layer 125 to leave a pore 148, a
color mura problem occurs when the LCD panel displays
images. If the photoresist guard ring 1355 is not closely in
contact with the protection layer 125 to leave a pore 158, the
sealant 130, before curing, will contaminate the liquid
crystal layer 132 through pore 158 and Chrominance is not
uniform when the LCD displays images.

SUMMARY OF THE INVENTION

[0011] In one aspect, the present invention provides an
LCD having a narrow cell gap and method of producing the
same so that the heights of the photoresist spacers and
photoresist guard ring are uniform after assembling the two
substrates of an LCD.

[0012] In another aspect, the present invention provides an
LCD having a narrow cell gap and method producing the
same to solve the problem of liquid crystal contamination
and thus increase the LCD yield.

[0013] In accordance with the foregoing and other aspects
of the present invention, an LCD having a narrow cell gap
is provided. The LCD comprises a first substrate, a second
substrate, a protection layer, photoresist spacers, a photore-
sist guard ring, a liquid crystal layer and sealant. The second
substrate is parallel with the first substrate. The protection
layer is on a surface, facing the second substrate, of the first
substrate and has openings to expose the surface of the first
substrate. The photoresist spacers are located between the
first and second substrate and respectively within the open-
ings of the protection layer to be in contact with both the first
and second substrate. The photoresist guard ring is located
between the first and second substrate to be in contact with
both the first and second substrate and surrounding an edge
of the protection layer. The liquid crystal layer is located in
a space enclosed by the first and second substrate and the
photoresist guard ring. The sealant surrounds the photoresist
guard ring to seal the first and second substrate.

[0014] In accordance with the foregoing and other aspects
of the present invention, a method producing an LCD having
a narrow cell gap is provided. A protection layer is formed
on a first substrate and then is patterned to form openings in
the protection layer to expose a surface of the first substrate.
A photoresist layer is formed on a second substrate and is
then patterned to form photoresist spacers on corresponding
sites of the openings and a photoresist guard ring on a
corresponding position surrounding the protection layer. A
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sealant is coated on a rim of the first substrate, and a liquid
crystal material is dropped on a center of the first substrate.
The first and second substrate are assembled parallel to each
other and sealed by the sealant so that the photoresist spacers
extend into the openings and are in contact with the first
substrate; the photoresist guard ring surrounds the protection
layer. The sealant is then cured to finish the .CD production.

[0015] According to another embodiment of the present
invention, a margin opening can be also formed in the
margin of the protection layer to accommodate the photo-
resist guard ring.

[0016] In the foregoing, the first substrate and second
substrate of the LCD can be a thin film transistor array plate
and a color filter plate or a color filter on array plate and an
ITO glass plate/a glass plate, respectively. The sealant can be
a thermosetting sealant or a UV-curable sealant.

[0017] In conclusion, a photoresist layer thicker than
required cell gap is used to form the photoresist spacers and
the photoresist guard ring in the preferred embodiment of
the invention. Hence, under the same pressure, the photo-
resist spacers and the photoresist guard ring can have a better
compressibility. The heights of the photoresist spacers and
the photoresist guard ring can then be more uniform and be
in contact with the first substrate. Therefore, an LCD having
a narrow cell gap can be obtained and the problems of the
color mura and the liquid crystal contaminated by the sealant
can also be resolved.

[0018] It is to be understood that both the foregoing
general description and the following detailed description
are made by use of examples and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated 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,

[0020] FIG. 1 is a cross-sectional diagram of a conven-
tional LCD having a narrow cell gap;

[0021] FIG. 2 is a cross-sectional diagram of an LCD
having a narrow cell gap according to a preferred embodi-
ment of the present invention; and

[0022] FIG. 3 is a cross-sectional diagram of an LCD
having a narrow cell gap according to another preferred
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

[0024] FIG. 2 is a cross-sectional diagram of an LCD
having a narrow cell gap according to a preferred embodi-
ment of the present invention. In FIG. 2, a protection layer
225 is formed on a first substrate 210, and then several
openings 215 are formed in the protection layer 225 to
expose the surface of the first substrate 210. A photoresist
layer is formed either on a second substrate 220 or on the
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first substrate 210, and then photolithography is performed
to form photoresist spacers 235z on corresponding sites of
the openings 215 and photoresist guard ring 235b surround-
ing the protection layer 225.

[0025] Sealant 230 is coated either on the first substrate
210 or on the second substrate 220. Next, a one-drop fill
(ODF) process is performed to drop liquid crystal 232 on
center of the first substrate 210 or the second substrate 220.
The first substrate 210 and the second substrate 220 are
aligned to locate the photoresist spacers 2354 respectively in
the openings 215 and the photoresist guard ring 235b
surrounding the protection layer 225 to be in contact with the
other substrate. Then the first substrate 210 and the second
substrate 220 are assembled in a vacuum and sealed by the
sealant 230. Finally, a heat or a UV treatment is performed
to cure the sealant 230 completely.

[0026] FIG. 3 is a cross-sectional diagram of an LCD
having a narrow cell gap according to another preferred
embodiment of the present invention. In FIG. 3, the pro-
ducing processes are similar to those in FIG. 2 and further
description thereof thus is omitted here. One of the differ-
ences between FIG. 2 and FIG. 3 is that a margin opening
240 is formed in the protection layer 225 at the same time
as the openings 215 are formed. Another is that the photo-
resist guard ring 235b is located in the margin opening 240
but not at the edge of the protection layer.

[0027] In the forgoing, the first substrate 210 is a control-
circuit plate, such as a thin film transistor plate, and the
second substrate 220 is a color filter plate. The first substrate
210 also can be a color filter on array (COA) plate, and the
second substrate 220 can be an ITO glass pate or a glass
plate. If the display mode of the LCD is TN mode, the
second substrate is an ITO plate. If the display mode of the
LCD is IPS mode, the second substrate is a glass plate. The
protection layer 25 is made by resin, silicon nitride or silicon
oxide. The sealant 230 is made of a thermosetting sealant, a
UV-curable sealant or a combination thereof, such as 50 wt
% thermosetting sealant and 50 wt % UV-curable sealant.

[0028] The distance between the surface of the protection
layer 225 and the surface of the second substrate 220 is gap
238. The gap 238 is about 1.0-4.0 um, and preferably 2.5-3.0
um. The thickness of the protection layer 225 is about
1.0-4.0 um, and preferably 2.0-3.0 ym. Therefore, the height
of the photoresist spacers 2354 and the photoresist guard
ring 235b is preferably 5.0-6.0 um.

[0029] Compared with the conventional photoresist spac-
ers and the photoresist guard ring having a height of only
about 2.5-3.0 um, the height of the photoresist spacers 235q
and the photoresist guard ring 235b is about 5.0-6.0 um
according the preferred embodiment of the present inven-
tion. Therefore, the photoresist spacers 235z and the pho-
toresist guard ring 235b can have a better compressibility
under a certain pressure. For example, the compressibility of
5.0 um high photoresist spacers and photoresist guard ring
is about twice that of the 3.0 um high photoresist spacers and
photoresist guard ring under a pressure of about 15 gw per
unit area.

[0030] The preferred embodiment of the present invention
utilizes openings in the protection layer 225 to accommodate
photoresist spacers 235¢ and the space surrounding the
protection layer or the margin opening 240 in the protection
layer 225 to accommodate the photoresist guard ring 235b.
Hence, higher photoresist spacers and photoresist guard ring
can be used to maintain the cell gap 238 of an LCD and have
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higher compressibility, while more uniform heights of the
photoresist spacers 235z and the photoresist guard ring 235b
can be obtained after assembling the first and second sub-
strates 210 and 220. In addition, all of the photoresist spacers
235a and the photoresist guard ring 235b can be in contact
with both the first and second substrates 210 and 220, as
illustrated by area 249. Consequently, the problems of the
color mura and the liquid crystal contaminated by the sealant
can be resolved.

[0031] Higher photoresist spacers and photoresist guard
ring are used in the LCD having narrow cell gap, as provided
by the preferred embodiment of the present invention, to
obtain more uniform heights of the photoresist spacers and
photoresist guard ring after assembling the two substrates.
Hence, a uniform cell gap of the LCD can be obtained to
solve the color mura problem. In addition, the liquid crystal
contamination problem can also be solved.

[0032] Tt will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure 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 LCD panel, comprising:

a first substrate;
a second substrate being parallel with the first substrate;

a protection layer on a surface, facing the second sub-
strate, of the first substrate, the protection layer having
openings to expose the surface of the first substrate;,

photoresist spacers located between the first and second
substrate and respectively within the openings of the
protection layer to be in contact with both the first and
second substrate;

a photoresist guard ring located between the first and
second substrate to be in contact with both the first and
second substrate and surrounding an edge of the pro-
tection layer;

a liquid crystal layer located in a space enclosed by the
first and second substrate and the photoresist guard
ring; and

asealant surrounding the photoresist guard ring to seal the

first and second substrate.

2. The LCD panel of claim 1, further comprising a margin
opening near an edge of the protection layer to expose the
surface of the first substrate, and the photoresist guard ring
located between the first and second substrate and within the
margin opening to be in contact with both the first and
second substrate.

3. The LCD panel of claim 1, wherein the first substrate
comprises a thin film transistor array plate, and the second
substrate comprises a color filter plate.

4. The LCD panel of claim 1, wherein the first substrate
comprises a color filter on array plate, and the second
substrate comprises an ITO glass plate or a glass plate.

5. The LCD panel of claim 1, wherein a thickness of the
protection layer is about 2.0-3.0 um.

6. The LCD of claim 1, whercin a material of the
protection layer comprises resin, silicon nitride or silicon
oxide.
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7. The LCD of claim 1, wherein a height of the photoresist
spacers and the photoresist guard ring is about 5.0-6.0 um.

8. The LCD of claim 1, wherein the sealant comprises a
thermosetting sealant, a UV-curable sealant or a combina-
tion thereof.

9. A method of producing an LCD having a narrow cell
gap, comprising:

forming a protection layer on a first substrate;

forming openings in the protection layer to expose a
surface of the first substrate;

forming photoresist spacers on corresponding sites of the
openings on a second substrate and a photoresist guard
ring on corresponding position surrounding the protec-
tion layer on the second substrate;

coating a sealant on a rim of the first substrate;

dropping a liquid crystal material on a center of the first
substrate;

parallel assembling the first and second substrate and
sealing them with the sealant, wherein the photoresist
spacers extend into the openings to be in contact with
the first substrate and the photoresist guard ring sur-
rounds the protection layer; and

curing the sealant.

10. The method of claim 9, wherein the step of forming
openings in the protection layer further comprises forming a
margin opening near an edge of the protection layer to
expose the surface of the first substrate, and the photoresist
guard ring is formed on a corresponding site of the margin
opening, in the step of forming the photoresist spacers and
the photoresist guard ring, to extend into the margin opening
to be in contact with the first substrate in the parallel
assembling step.

11. The method of claim 9, wherein the first substrate
comprises a thin film transistor array plate, and the second
substrate comprises a color filter plate.

12. The method of claim 9, wheremn the first substrate
comprises a color filter on array plate, and the second
substrate comprises an ITO glass plate or a glass plate.

13. The method of claim 9, wherein a thickness of the
protection layer is about 2.0-3.0 um.

14. The method of claim 9, wherein a material of the
protection layer comprises resin, silicon nitride or silicon
oxide.

15. The method of claim 9, wherein a height of the
photoresist spacers and the photoresist guard ring is about
5.0-6.0 um.

16. The method of claim 9, wherein the sealant comprises
a thermosetting sealant, a UV-curable sealant or a combi-
nation thereof.

17. The method of claim 9, wherein the first substrate is
replaced by the second substrate in the step of coating the
sealant.

18. The method of claim 9, wherein the first substrate is
replaced by the second substrate in the step of dropping the
liquid crystal.

19. The method of claim 9, wherein the second substrate
is replaced by the first substrate in the steps of forming and
patterning the photoresist layer.
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