US 2015019282

a9y United States
12) Patent Application Publication (o) Pub. No.: US 2015/0192823 Al

Al

b
3

Fu 43) Pub. Date: Jul, 9, 2015
(54) EXPOSURE METHOD FOR GLASS (52) US.CL
SUBSTRATE OF LIQUID CRYSTAL DISPLAY CPC ..o GO2F 1/133308 (2013.01); GO2F
2001/133302 (2013.01); GO2F 2001/133322
(71) Applicant: Yanfeng Fu, Shenzhen (CN) (2013.01)
(72) Inventor: Yanfeng Fu, Shenzhen (CN) 57 ABSTRACT .
An exposure method for an LCD glass substrate is revealed
and includes: providing at least two photo masks, wherein
(73) Assignee: Shenzhen China Star Optoelectronics each the photo mask includes active and inactive area with
Technology Co., Ltd., Shenzhen (CN) alignment-precision measurement-and-check marks dis-
posed around the active area; performing exposure with each
(21) Appl. No.: 14/346,423 the photo mask on a separate reference substrate at a corre-
sponding position, performing measurement of the align-
(22) PCT Filed: Jan. 9, 2014 ment-precision measurement-and-check marks formed on
the reference substrate, determining whether to modify a
(86) PCT No.: PCT/CN2014/070383 parameter of the exposure based on the measurement result,
and obtaining accurate exposure parameter of each the photo
§371 (0)(1), mask; and combining the accurate exposure parameter of
(2) Date: Mar. 21, 2014 each the photo mask, using the combined exposure parameter
to perform exposure sequentially with the at least two photo
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START

providing at least two photo masks, wherein each the photo mask includes
an active area and an inactive area, the active area includes an overlap
region, and a plurality of alighment precision measure and check marks are
disposed around the active area

S10

/Sll

performing exposure with each the photo mask on a separate reference
substrate at a corresponding position, performing measurement of the
alignment precision measure and check marks, determining whether to
modify a parameter of the exposure based on the measurement result, and
obtaining accurate exposure parameter and position information of each
the photo mask

/SIZ

combining the accurate exposure parameters of the at least two photo
masks, sequentially performing exposure on the same substrate at
corresponding positions so as to obtain an exposed pattern of a large-size
LCD glass substrate

END

FIG. 4
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EXPOSURE METHOD FOR GLASS
SUBSTRATE OF LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
Patent Application No. 201310747958.2, filed Dec. 31,2013,
and entitled “EXPOSURE METHOD FOR GLASS SUB-
STRATE OF LIQUID CRYSTAL DISPLAY”. The entire
contents of the above-mentioned patent application are cited
and incorporated herein for reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a manufacturing
technique of a thin film transistor liquid crystal display (TFT-
LCD), and more particularly to an exposure method for a
glass substrate of a liquid crystal display.

BACKGROUND OF THE INVENTION

[0003] With the rapid development of thin film transistor
liquid crystal displays, the dimension of a liquid crystal dis-
play canbe getting larger and larger. Consequently, it happens
in an exposure process that the size of the pattern on a single
large-size glass substrate is larger than that of a photo mask.
Under this circumstance, it is necessary to device the pattern
of the photo mask into a plurality of portions for multiple
exposure operations on the single large-size glass substrate.
The plurality of portions of photo mask pattern are then joined
to construct the pattern on the single large-size glass sub-
strate.

[0004] FIG. 1 through FIG. 3, for example, are schematic
diagrams illustrating the combination and exposure on a
single large-size glass substrate with a plurality of portions of
photo mask according to prior art. As shown, two portions of
photo mask are used, wherein each of the photo mask portions
include an active area (Area A or Area B) and an inactive area
(Area A' or Area B'). In the inactive area, alignment precision
measurement and check marks (total pitch marks), which are
shown as small blocks in the figures, are provided for mea-
suring deflection or deformation level of the pattern on the
substrate having been subjected to exposure, compared with
the pattern in original design. As two exposure operations are
conducted on the glass substrate 9 with two photo mask
portions, a stitching exposure region 90 would appear. Since
the stitching exposure region is in the active area, and the total
pitch mark is much larger than a pixel in the active area, for
each of the two exposed regions subjected to two exposure
and jointing operations, no total pitch mark can be defined at
the side of the stitching exposure region. As such, no align-
ment precision information can be measured for each of the
two exposed regions at the side of the stitching exposure
region, so the pattern deflection and deformation level cannot
be monitored herein. Thus the TFT array substrate might
misalign with the color filter substrate, and defects, e.g. light
leakage problem, of the LCD might occur.

SUMMARY OF THE INVENTION

[0005] The present invention aims to solve the technical
problems and provides an exposure method for a glass sub-
strate of a liquid crystal display, which is able to enhance the
alignment precision between the TFT array substrate and the
color filter substrate and increase the production yield of LCD
panels.
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[0006] Ttis to reduce cost while improving the property of
an array substrate.

[0007] In order to solve the above problems, the present
invention in one aspect provides an exposure method for a
glass substrate of a liquid crystal display, which comprises:
[0008] providing at least two photo masks, wherein each
the photo mask includes an active area and an inactive area,
the active area includes an overlap region corresponding to a
stitching region of the glass substrate at a side thereof, and a
plurality of alignment precision measure and check marks are
disposed around the active area;

[0009] performing exposure with each the photo mask on a
separate reference substrate at a corresponding position, per-
forming measurement of the alignment precision measure
and check marks formed on the reference substrate, determin-
ing whether it is necessary to modify a parameter of the
exposure based on the measurement result, and obtaining
accurate exposure parameter and position information of
each the photo mask; and

[0010] combining the accurate exposure parameter of each
the photo mask, using the combined exposure parameter to
perform exposure sequentially with the at least two photo
masks on the same substrate at positions corresponding to the
position information so as to obtain an exposed pattern,
wherein for each the exposure, at least one cover plate is used
to shield the alignment precision measure and check marks of
the photo mask at the side of the overlap region.

[0011] Inthe method, the step of performing exposure with
each the photo mask on a separate reference substrate at a
corresponding position, performing measurement of the
alignment precision measure and check marks formed on the
reference substrate, determining whether it is necessary to
modify a parameter of the exposure based on the measure-
ment result, and obtaining accurate exposure parameter and
position information of each the photo mask further includes:
[0012] comparing the measurement result with a target
value, and using the newest exposure parameter of the photo
mask as the accurate exposure parameter if the comparing
result indicates a deviation within an acceptable range; and
modifying a current exposure parameter of the photo mask
and performing exposure again if the comparing result indi-
cates a deviation beyond the acceptable range, until the com-
paring result indicates a deviation within the acceptable
range, and using the newest exposure parameter of the photo
mask as the accurate exposure parameter.

[0013] In the method, the exposed pattern includes at least
two exposure regions corresponding to the at least two photo
masks, and the stitching region is formed between adjacent
two of the exposure regions.

[0014] In the method, the glass substrate is a thin film
transistor array substrate or a color filter substrate.

[0015] In the method, each the reference substrate has the
same dimension as the glass substrate.

[0016] Inthe method, the step of performing exposure with
each the photo mask on a separate reference substrate at a
corresponding position further includes:

[0017] performing a process of etching the reference sub-
strate and removing photoresist after exposure.

[0018] In the method, the step of performing exposure
sequentially with the at least two photo masks on the same
substrate at corresponding positions according to correspond-
ing accurate exposure parameters further includes:

[0019] aligning the photo mask with the glass substrate
before each exposure is performed.
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[0020] Correspondingly, the present invention in another
aspect provides an exposure method for a glass substrate of a
liquid crystal display, which comprises:

[0021] providing at least two photo masks, wherein each
the photo mask includes an active area and an inactive area,
the active area includes an overlap region corresponding to a
stitching region of the glass substrate at a side thereof, and a
plurality of alignment precision measure and check marks are
disposed around the active area;

[0022] performing exposure with each the photo mask ona
separate reference substrate at a corresponding position, pet-
forming measurement of the alignment precision measure
and check marks formed on the reference substrate, determin-
ing whether it is necessary to modify a parameter of the
exposure based on the measurement result, and obtaining
accurate exposure parameter and position information of
each the photo mask; and

[0023] combining the accurate exposure parameter of each
the photo mask, using the combined exposure parameter to
perform exposure sequentially with the at least two photo
masks on the same substrate at positions corresponding to the
position information so as to obtain an exposed pattern,
wherein for each the exposure, at least one cover plate is used
to shield the alignment precision measure and check marks of
the photo mask at the side of the overlap region;

[0024] wherein the exposed pattern includes at least two
exposure regions corresponding to the at least two photo
masks, and the stitching region is formed between adjacent
two of the exposure regions.

[0025] Inthe method, the step of performing exposure with
each the photo mask on a separate reference substrate at a
corresponding position, performing measurement of the
alignment precision measure and check marks formed on the
reference substrate, determining whether it is necessary to
modify a parameter of the exposure based on the measure-
ment result, and obtaining accurate exposure parameter and
position information of each the photo mask further includes:
[0026] comparing the measurement result with a target
value, and using the newest exposure parameter of the photo
mask as the accurate exposure parameter if the comparing
result indicates a deviation within an acceptable range; and
modifying a current exposure parameter of the photo mask
and performing exposure again if the comparing result indi-
cates a deviation beyond the acceptable range, until the com-
paring result indicates a deviation within the acceptable
range, and using the newest exposure parameter of the photo
mask as the accurate exposure parameter.

[0027] In the method, each the reference substrate has the
same dimension as the glass substrate.

[0028] Inthemethod, the step of performing exposure with
each the photo mask on a separate reference substrate at a
corresponding position further includes:

[0029] performing a process of etching the reference sub-
strate and removing photoresist after exposure.

[0030] In the method, the step of performing exposure
sequentially with the at least two photo masks on the same
substrate at corresponding positions according to correspond-
ing accurate exposure parameters further includes:

[0031] aligning the photo mask with the glass substrate
before each exposure is performed.

[0032] The embodiments of the present invention have the
following benefits:

[0033] Intheembodiments of the present invention, by way
of joint exposure on the large-size LCD glass substrate, and
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performing exposure with each the photo mask on a separate
reference substrate and performing measurement of the align-
ment precision measure and check marks, deformation and
deflection levels of the exposed pattern can be obtained. The
parameter of exposure in each exposure region can be modi-
fied according to the measurement result so as to make the
alignment precision of the final exposed pattern formed after
the joint exposure on the glass substrate located within the
specified range. Accordingly, the alignment precision in the
stitching region between adjacent exposure regions can be
effectively monitored, the alignment precision between the
TFT array substrate and the color filter substrate can be
enhanced, and the production yield of LCD panels can be
increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The embodiments or technical solutions of the
present invention will be apparent from the following detailed
descriptions with reference to the attached drawings. It is
understood that the attached drawings are merely for illus-
trating the embodiments of the present invention, and for
those ordinary in the art, further drawings canbe derived from
the attached drawings without inventive efforts.

[0035] FIG. 11is a schematic diagram illustrating a portion
of photo mask used in a current exposure method of a large-
size LCD glass substrate;

[0036] FIG. 2 is a schematic diagram illustrating another
portion of photo mask used in a current exposure method of a
large-size LCD glass substrate;

[0037] FIG. 3is a schematic diagram illustrating the use of
the photo mask portions shown in FIG. 1 and FIG. 2 to
perform exposure on the glass substrate;

[0038] FIG. 4 is a primitive flowchart of an exposure
method for a glass substrate of a liquid crystal display pro-
vided according to the present invention;

[0039] FIG. 5isaschematic diagram of a photo mask used
in FIG. 4;

[0040] FIG. 6 is a schematic diagram of another photo mask
used in FIG. 4;

[0041] FIG. 7is a schematic diagram illustrating the use of
the photo mask shown in FIG. 5 for exposure on a reference
substrate;

[0042] FIG. 8 is a schematic diagram illustrating the use of
the photo mask shown in FIG. 6 for exposure on another
reference substrate; and

[0043] FIG. 9is a schematic diagram illustrating the use of
both the photo masks shown in F1G. 5 and FIG. 6 for exposure
on a glass substrate.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] Hereinafter, detailed descriptions of preferred
embodiments according to the invention are given with
annexed drawings.

[0045] Referringto FIG. 4, whichis a primitive flowchart of
an exposure method for a glass substrate of a liquid crystal
display provided according to an embodiment of the present
invention. In this embodiment, the exposure method for a
glass substrate of a liquid crystal display includes the follow-
ing steps.

[0046] In Step S10, at least two photo masks are provided.
Refer to FIG. 5 and FIG. 6 for the structure of the photo
masks. In the structure, each the photo mask 1 includes an
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active area (Area A or Area B) and an inactive area (Area A' or
Area B'). An overlap region (Area Al or Area Bl) is included
at a side of the active area. The overlap region is correspond-
ingly disposed at the side of a stitching region of the glass
substrate. Around the inactive area, alignment precision mea-
surement and check marks, which are shown as small blocks
in the figures, are disposed. In addition, there are alignment
marks disposed at least two sides of the active area, which are
shown as cross in the figure. In FIG. 5 and FIG. 6, it is the
upper and lower sides of the active area where alignment
marks are disposed.

[0047] In Step S11, exposure is performed with each the
photo mask 1 on a separate reference substrate 2 at a corre-
sponding position. Then perform measurement of the align-
ment precision measure and check marks formed on the ref-
erence substrate 2 afier exposure. Based on the measurement
result, whether it is necessary to modify the current exposure
parameter is determined to obtain accurate exposure param-
eter and position information of each the photo mask. Con-
cretely, it includes:

[0048] providing at least two reference substrates 2 having
the same dimension as the glass substrate to be finally used,
wherein the reference substrate 2 may be made of the same
material as the glass substrate, and can be reused, and wherein
in an embodiment of producing an array substrate, it is nec-
essary to coat a metal deposition layer and a photoresist on the
reference substrate 2, and etch the reference substrate 2 and
remove the photoresist after exposure, i.e. using the reference
substrate 2 to simulate the glass substrate to conduct the
masking process;

[0049] performing exposure with each the photo mask 1 on
the separate reference substrate 2 at a corresponding position,
as shown in FIG. 7 and FIG. 8, wherein the photo mask 1
shown in FIG. 5 is used to form an exposed pattern at the left
side of one reference substrate 2 and the photo mask 1 shown
in FIG. 6 is used to form an exposed pattern at the right side
of another reference substrate 2, and wherein it is understood
that they are only examples and it is only required that the
corresponding position of the exposure region of each the
photo mask is consistent to the corresponding position of the
exposure region on the glass substrate;

[0050] measuring the alignment precision measure and
check marks of the exposed pattern formed on the reference
substrate 2, comparing the measurement result with a
designed target value, and using the newest exposure param-
eter of the photo mask as the accurate exposure parameter if
the comparing result indicates a deviation within an accept-
able range; and modifying a current exposure parameter of
the photo mask and performing exposure again if the com-
paring result indicates a deviation beyond the acceptable
range, until the comparing result indicates a deviation within
the acceptable range, and using the newest exposure param-
eter of the photo mask as the accurate exposure parameter.

[0051] In the step, the position information is the position
where corresponding exposure is performed with each the
photo mask 1 on the reference substrate 2. For example, the
position information of the exposure with the photo mask 1
shown in FIG. 5 on the reference substrate 2 is the left side.
Practically, it can be indicated by way of coordination infor-
mation.

[0052] In Step S12, the accurate exposure parameters of
each the photo mask are combined, and exposure is per-
formed according to the corresponding accurate exposure
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parameter sequentially with the at least two photo masks on
the same glass substrate 3 at positions corresponding to the
position information.
[0053] Before each exposure, the positioning marks on the
photo mask 1 are used for aligning with the glass substrate 3.
Furthermore, during each exposure, at least one cover plate is
used to shield the alignment precision measure and check
marks at the side of the overlap region (Region Al or B1) of
the photo mask 1. The exposed pattern of a large-size LCD
glass substrate is then obtained, as shown in FIG. 9, in which
the exposed pattern includes a stitching region 30 correspond-
ing to the exposure region of each the photo mask and formed
between adjacent two exposure regions.
[0054] The embodiments of the present invention have the
following benefits:
[0055] Inthe embodiments of the present invention, by way
of joint exposure on the large-size LCD glass substrate, and
performing exposure with each the photo mask on a separate
reference substrate and performing measurement of the align-
ment precision measure and check marks, deformation and
deflection levels of the exposed pattern can be obtained. The
parameter of exposure in each exposure region can be modi-
fied according to the measurement result so as to make the
alignment precision of the final exposed pattern formed after
the joint exposure on the glass substrate located within the
specified range. Accordingly, the alignment precision in the
stitching region between adjacent exposure regions can be
effectively monitored, the alignment precision between the
TFT array substrate and the color filter substrate can be
enhanced, and the production yield of LCD panels can be
increased.
[0056] Those disclosed above are only preferred embodi-
ments according to the present invention and should not be
used for limiting the scope of the invention. All the equivalent
variations are considered within the scope of the invention.
What is claimed is:
1. An exposure method for a glass substrate of a liquid
crystal display, comprising:
providing at least two photo masks, wherein each the photo
mask includes an active area and an inactive area, the
active area includes an overlap region corresponding to
a stitching region of the glass substrate at a side thereof,
and a plurality of alignment precision measure and
check marks are disposed around the active area;
performing exposure with each the photo mask on a sepa-
rate reference substrate at a corresponding position, per-
forming measurement of the alignment precision mea-
sure and check marks formed on the reference substrate,
determining whether it is necessary to modify a param-
eter of the exposure based on the measurement result,
and obtaining accurate exposure parameter and position
information of each the photo mask; and
combining the accurate exposure parameter of each the
photo mask, using the combined exposure parameter to
perform exposure sequentially with the at least two
photo masks on the same substrate at positions corre-
sponding to the position information so as to obtain an
exposed pattern, wherein for each the exposure, at least
one cover plate is used to shield the alignment precision
measure and check marks of the photo mask at the side
of the overlap region.
2. The exposure method for a glass substrate of a liquid
crystal display according to claim 1, wherein the step of
performing exposure with each the photo mask on a separate
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reference substrate at a corresponding position, performing
measurement of the alignment precision measure and check
marks formed on the reference substrate, determining
whether it is necessary to modify a parameter of the exposure
based on the measurement result, and obtaining accurate
exposure parameter and position information of each the
photo mask further includes:

comparing the measurement result with a target value, and

using the newest exposure parameter of the photo mask
as the accurate exposure parameter if the comparing
result indicates a deviation within an acceptable range;
and

modifying a current exposure parameter of the photo mask

and performing exposure again if the comparing result
indicates a deviation beyond the acceptable range, until
the comparing result indicates a deviation within the
acceptable range, and using the newest exposure param-
eter of the photo mask as the accurate exposure param-
eter.

3. The exposure method for a glass substrate of a liquid
crystal display according to claim 2, wherein the exposed
pattern includes at least two exposure regions corresponding
to the at least two photo masks, and the stitching region is
formed between adjacent two of the exposure regions.

4. The exposure method for a glass substrate of a liquid
crystal display according to claim 3, wherein the glass sub-
strate is a thin film transistor array substrate or a color filter
substrate.

5. The exposure method for a glass substrate of a liquid
crystal display according to claim 4, wherein each the refer-
ence substrate has the same dimension as the glass substrate.

6. The exposure method for a glass substrate of a liquid
crystal display according to claim 5, wherein the step of
performing exposure with each the photo mask on a separate
reference substrate at a corresponding position further
includes:

performing a process of etching the reference substrate and

removing photoresist after exposure.

7. The exposure method for a glass substrate of a liquid
crystal display according to claim 6, wherein the step of
performing exposure sequentially with the at least two photo
masks on the same substrate at corresponding positions
according to corresponding accurate exposure parameters
further includes:

aligning the photo mask with the glass substrate before

each exposure is performed.

8. An exposure method for a glass substrate of a liquid
crystal display, comprising:

providing at least two photo masks, wherein each the photo

mask includes an active area and an inactive area, the
active area includes an overlap region corresponding to
astitching region of the glass substrate at a side thereof,
and a plurality of alignment precision measure and
check marks are disposed around the active area;
performing exposure with each the photo mask on a sepa-
rate reference substrate at a corresponding position, per-
forming measurement of the alignment precision mea-
sure and check marks formed on the reference substrate,
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determining whether it is necessary to modify a param-
eter of the exposure based on the measurement result,
and obtaining accurate exposure parameter and position
information of each the photo mask; and

combining the accurate exposure parameter of each the

photo mask, using the combined exposure parameter to
perform exposure sequentially with the at least two
photo masks on the same substrate at positions corre-
sponding to the position information so as to obtain an
exposed pattern, wherein for each the exposure, at least
one cover plate is used to shield the alignment precision
measure and check marks of the photo mask at the side
of the overlap region;

wherein the exposed pattern includes at least two exposure

regions corresponding to the at least two photo masks,
and the stitching region is formed between adjacent two
of the exposure regions.

9. The exposure method for a glass substrate of a liquid
crystal display according to claim 8, wherein the step of
performing exposure with each the photo mask on a separate
reference substrate at a corresponding position, performing
measurement of the alignment precision measure and check
marks formed on the reference substrate, determining
whether it is necessary to modify a parameter of the exposure
based on the measurement result, and obtaining accurate
exposure parameter and position information of each the
photo mask further includes:

comparing the measurement result with a target value, and

using the newest exposure parameter of the photo mask
as the accurate exposure parameter if the comparing
result indicates a deviation within an acceptable range;
and

modifying a current exposure parameter of the photo mask

and performing exposure again if the comparing result
indicates a deviation beyond the acceptable range, until
the comparing result indicates a deviation within the
acceptable range, and using the newest exposure param-
eter of the photo mask as the accurate exposure param-
eter.

10. The exposure method for a glass substrate of a liquid
crystal display according to claim 9, wherein each the refer-
ence substrate has the same dimension as the glass substrate.

11. The exposure method for a glass substrate of a liquid
crystal display according to claim 10, wherein the step of
performing exposure with each the photo mask on a separate
reference substrate at a corresponding position further
includes:

performing a process of etching the reference substrate and

removing photoresist after exposure.

12. The exposure method for a glass substrate of a liquid
crystal display according to claim 11, wherein the step of
performing exposure sequentially with the at least two photo
masks on the same substrate at corresponding positions
according to corresponding accurate exposure parameters
farther includes:

aligning the photo mask with the glass substrate before

each exposure is performed.
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