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A MANUFACTURING METHOD OF A PANEL FOR LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION
(a) Field of the Invention

The present invention relates to a method of manufacturing a liquid crystal
display (“LCD”), and in particular, to a method of manufacturing an LCD for
reducing the brightness difference due to the stitch error generated during
manufacturing an LCD panel by divisional exposure.

(b) Description of the Related Art

Generally, for an LCD panel having an active area larger than the size of an
exposure mask, divisional exposure dividing the active area and performing step-
and-repeat process is required for forming patterns in the active area. That is, the
active area is required to be exposed using at least two “shots.” In practice, since
the shots are subject to shift, rotation and distortion, the shots are misaligned
(referred to as “stitch error” hereinafter) to generate the difference between the
shots in parasitic capacitances generated between wires and pixel electrodes and in
the locations of the patterns.

The difference in parasitic capacitances and in the locations of the patterns
results in the difference in electric characteristics and in the aperture ratios between
the shots of the LCD panel, thereby causing the difference in the brightness between
the shots to appear at the boundary between the shots.

Fig. 1 is a plan view showing the boundary between shots of a
conventional LCD panel.

As shown in Fig. 1, the brightness difference in adjacent shots A and B due
to the stitch error is predominant at the boundary between the shots and appears as
a stripe.

For reducing the brightness difference, a conventional method of
manufacturing an LCD makes the shot boundary have a saw shape as shown in Fig.
2. A plan view of two adjacent shots configured in this way is shown in Fig. 2, and
the exposure areas and the brightness thereof are respectively shown in Figs. 8B and
9B. Although the brightness difference between the shots is one-step reduced at the

1



10

15

20

25

30

WO 03/052501 PCT/KR02/01764

boundary area between the shots as shown in the figures, the stripe is still visible by
the human eyes. Moreover, a mosaic pattern may be observed when a unit stitch

area is large.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method of
manufacturing a panel for an LCD for reducing the brightness difference between
shots due to a stitch error when observed with the naked eyes.

To achieve the above object, an overlapping area called “stitch area” is
provided at the boundary between shots in a divisional exposure process, and the
exposure areas for left and right shots gradually increases or decreases, respectively,
as goes along a transverse direction in the stitch area. At this time, a pixel is divided
into more than two subareas to be used as unit stitch areas.

The pixel area is preferably defined by intersections of two adjacent gate
lines and data lines and the unit stitch area is defined by one of areas obtained by
dividing the pixel area along a division line parallel to the gate lines or the data lines.

As described above, the brightness at the boundary between shots is
gradually varied by gradually changing the exposure areas between right and left
shots in a divisional exposure process, thereby making a boundary line between the

shots obscure.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 are plan views showing two adjacent shots of a conventional
LCD;

Fig. 3 is a plan view showing shots A and B of an LCD according to first
and second embodiments of the present invention;

Fig. 4 is a i)lan view showing a boundary area between shots of an LCD
according to the first embodiment of the present invention;

Fig. 5 is a plan view showing a unit stitch area of an LCD according to the
first embodiment of the-present invention;

Fig. 6 is a plan view showing a boundary area between shots of an LCD

according to the second embodiment of the present invention;
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Fig. 7 is a plan view showing a unit stitch area of an LCD according to the
second embodiment of the present invention;

Figs. 8A and 8B illustrate exposure areas occupied by shot A and shot B
near a boundary area between shots of a conventional LCD;

Fig. 8C illustrates exposure areas occupied by shot A and shot B near a
boundary area between shots according to the first and the second embodiments of
the present invention;

Figs. 9A and 9B illustrate the brightness difference between shorts of a
conventional LCD; and

Fig. 9C illustrates the brightness difference between shorts according to the
first and the second embodiment of the present invention.

Fig. 10 is a plan view showing a unit stitch area of an LCD according to the
third embodiment of the present invention;

Fig. 11 shows the number of unit stitch areas included in shot A and shot B
in a boundary area between the shots A and B.

Fig. 12 shows the change of a subarea under exact alignment and

misalignment.

RESPECTIVELY.DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the ?resent invention will be described in detail
with reference to the accompanying drawings for those skilled in the art to easily
carry out.

Fig. 3 is a plan view showing adjacent shots of an LCD panel according to
embodiments of the present invention.

Fig. 4 is a plan view showing a boundary area between shots of an LCD
according to the first embodiment of the present invention.

Fig. 5 is a plan view showing a unit stitch area of an LCD according to the
first embodiment of the present invention.

A stitch area is an overlapping area between two adjacent shots such as a
left shot A (represented as a white area) and a right shot B (represented as a black

area) as shown in Fig. 4. The stitch area is divided into a plurality of unit stitch
3
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areas, for example, 10x9 unit stitch areas as shown in Fig. 4. The unit stitch area
refers to one basic area of the stitch area divided by nxm blocks (where n and m are
natural numbers).

In this embodiment, a pixel includes two or more unit stitch areas. The
reduced size of the unit stitch area prevents a mosaic pattern. As shown in Fig. 5, a
pixel is divided into two areas a and b used as unit stitch areas according to the first
embodiment of the present invention.

The unit stitch area of the first embodiment of the present invention will be
described more in detail with reference to Fig. 5.

As shown in Fig. 5, a pixel area on a thin film transistor (“TFT”) array
panel is defined by intersections of a plurality of gate lines 20 extending in a
transverse direction and a plurality of data lines 70 extending in a longitudinal
direction. A TFT and a pixel electrode 90 having a plurality of apertures 901, 903,
905, 907, 909, 911, 913 and 915 are provided in each pixel area. A common electrode
(not shown) having a plurality of apertures 401, 403, 405, 407, 409, 411 and 413 is
formed on a color filter panel (not shown) opposite the TFT array panel. The
apertures 401, 403, 405, 407, 411, and 413 on the common electrode are hatched. The
apertures 901, 903, 905, 907, 909, 911, 913 and 915 of the pixel electrode 90 and the
apertures 401, 403, 405, 407, 411 and 413 of the common electrode are arranged in
turns and partition the pixel area into a plurality of subareas. In this case, a
boundary between the areas a and b is defined by an aperture 407 of the common
electrode.

According to the first embodiment of the present invention, each of the two
areas a and b forming a pixel area is used as a unit stitch area, and the area a is
exposed by shot A while the area b is exposed by shot B. In this way, since the
brightness difference is much diluted compared with that for a case that a unit stitch
area includes a pixel area, the stains such as a mosaic pattern is prevented. In
addition, the aperture 407 disposed at the boundary between the unit stitch areas
blocks a boundary line between shots which may appear even dimly due to the

brightness difference between the unit stitch areas.
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A method of manufacturing an LCD panel for reducing stitch errors in
accordance with the first embodiment of the present invention will be described
with reference to Fig. 4.

According to the first embodiment of the present invention, the number of
unit stitch areas for shot A in a stitch area gradually decreases and the number of
unit stitch areas for shot B in a stitch area gradually increases as goes to the right
along the transverse direction, thereby making the brightness in the stitch area
continuously change. Here, the unit stitch areas for a shot refer to the unit stitch
areas exposed by the shot.

For example, in a stitch area including nine columns and ten rows of unit
stitch areas, the first column has nine unit stitch areas for shot A and one unit stitch
area for shot B, the second column has eight unit stitch areas for shot A and two unit
stitch areas for shot B, the third column has seven unit stitch areas for shot A and
three unit stitch areas for shot B, and so on. Preferably, the unit stitch areas for each
shot A or B are not gathered. It is because, if so, a macroscopic stain may appear.

To summarize, the number of unit stitch areas for shot A gradually
decreases while the number of unit stitch areas for shot B gradually increases along
the transverse direction.

Fig. 8C illustrates exposure areas for shot A and shot B and a stitch area
along the transverse direction. As shown in Fig. 8C, since the number of unit stitch
areas for shot A and that of shot B decreases and increases, respectively, along the
transverse direction in the first embodiment of the present invention, the brightness
difference between the shots A and B gradually changes.

Fig. 9C illustrates the brightness of adjacent shorts and a stitch area
therebetween of an LCD panel according to the first embodiment of the present
invention.

The horizontal axis shown in Fig. 9C indicates shot A, a stitch area, and
shot B along an increasing direction, and the vertical axis shown in Fig. 9C indicates
brightness. In this graph, which shows the brightness in the stitch area when shot A
is brighter than shot B, the stitch area becomes gradually darker as it goes from area
A to area B.
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Fig. 6 is a plan view showing the boundary area between shots of an LCD
according to a second embodiment of the present invention, and Fig. 7 is a plan
view showing unit stitch areas of an LCD according to the second embodiment of
the present invention.

As shown in Fig. 6, the second embodiment of the present invention
arranges the shots such that the exposure area for shot A in each unit stitch area
gradually decreases in the stitch area while the exposure area for shot B in the unit
stitch area gradually increases as goes to the right along the transverse direction in
the stitch area. As a result, the brightness in the stitch area gradually changes.

For example, in a stitch area including nine columns and ten rows of unit
stitch areas, each unit stitch area of the first column assigns its 90 % area to shot A
and its 10% area to shot B, each unit stitch area of the second column assigns its
80 % area to shot A and its 20% area to shot B, each unit stitch area of the third
column assigns its 70 % area to shot A and its 30% area to shot B, and so on.

To summarize, an area in a unit stitch area assigned to shot A gradually
decreases while an area of the unit stitch area assigned to shot B gradually increases
along the transverse direction.

This arrangement gradually varies the brightness between the unit stitch
areas for the shots A and B along the transverse direction.

In this embodiment, a pixel includes two or more unit stitch areas. The
reduced size of the unit stitch area prevents a mosaic pattern. As shown in Fig. 7, a
pixel is divided into four areas a, b, ¢ and d used as unit stitch areas according to a
second embodiment of the present invention.

Now, the unit stitch areas according to the second embodiment of the
present invention will be described more in detail with reference to Fig. 7.

As shown in Fig. 7, a pixel area on a TFT array panel is defined by
intersections of a plurality of gate lines 20 extending in a transverse direction and a
plurality of data lines 70 extending in a longitudinal direction. A TFT and a pixel
electrode 90 having a plurality of apertures 901, 903, 905, 907, 909, 911, and 913 are
provided in each pixel area. A common electrode (not shown) having a plurality of

apertures 401, 403, 405, 407, 409, 411 and 413 is formed on a color filter panel (not
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shown) opposite the TFT array panel. The apertures 401, 403, 405, 407, 411, and 413
on the common electrode are hatched. The apertures 901, 903, 905, 907, 909 and 911
of the pixel electrode 90 and the apertures 401, 403, 405, 407, 411 and 413 of the
common electrode are arranged in turns and partition the pixel area into a plurality
of subareas. The arrangements of the apertures in the areas a and b are symmetrical
with respect to their boundary, the arrangements of the apertures in the areas b and
c are symmetrical with respect to their boundary, and the arrangements of the
apertures in the areas c and d are symmetrical with respect to their boundary. The
boundaries between the areas a, b, c and d are defined by the apertures 401, 403, 405,
407, 409, 411, 413 of the pixel electrode and the apertures 901, 903, 905, 907, 909, and
911 of the common electrode. In this embodiment, although the apertures are
exemplified as subarea-dividing members, a plurality of protrusions or depressions
may also be used as subarea-dividing members.

According to the second embodiment of the present invention, each of the
four areas a, b, c and d forming a pixel area is used as a unit stitch area, and exposed
by one of shot A and shot B. Exemplary combinations of areas for shot A and shot B
are (a; b, c and d), (a and b; c and d), (a, b and ¢; d), and (a and d; b and c). In this
way, since the brightness difference is much diluted compared with that for a case
that a unit stitch area includes a pixel area, the stains such as a mosaic pattern is
prevented. In addition, the apertures 401, 403, 405, 407, 409, 411, 413, 901, 903, 905,
907, 909, 911 disposed at the boundary between the unit stitch areas block boundary
lines between shots which may appear even dimly due to the brightness difference
between the unit stitch areas.

The exposure areas and the brightness of the adjacent shots according to
the second embodiment of the present invention are illustrated in Figs. 8C and 9C,
respectively. The descriptions about Figs. 8C and 9C according to the second
embodiment are substantially the same as that according to the first embodiment.

Fig. 10 is a plan view showing a unit stitch area of an LCD according to the
third embodiment of the present invention.

As shown in Fig. 10, a pixel area on a thin film transistor array panel is

defined by intersections of a plurality of gate lines 20 extending in a transverse
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direction and a plurality of data lines 70 extending in a longitudinal direction. A
TFT and a pixel electrode 90 having a plurality of apertures 901, 903, 905, 907, 909,
911, 913 and 915 are provided in each pixel area. A common electrode (not shown)
having a plurality of apertures 401, 403, 405, 407,409, 411, 413 and 415 is formed on
a color filter panel (not shown) opposite the TFT array panel. The apertures 401, 403,
405, 407, 411, 413 and 415 on the common electrode are hatched. The apertures 901,
903, 905, 907, 909, 911, 913 and 915 of the pixel electrode 90 and the apertures 401,
403, 405, 407, 411, 413 and 415 of the common electrode are arranged in turns and
partition the pixel area into a plurality of subareas. In this embodiment, although
the apertures are exemplified as subarea-dividing members, a plurality of
protrusions or depressions may also be used as subarea-dividing members.

In this embodiment, a pixel area includes sixteen unit stitch areas. In Fig.
10, area a represents a unit stitch area.

According to the third embodiment of the present invention, each of the
sixteen areas forming a pixel area is used as a unit stitch area and exposed by
different shot. In this way, since the brightness difference is much diluted
compared with that for cases that a unit stitch area includes an area obtained by
dividing a pixel area along a transverse direction according to the first and second
embodiments of the present invention, the stains such as a mosaic pattern is
prevented.

In the third embodiment, the unit stitch area includes one of equally-
divided sixteen areas of one pixel area. However, the number of the division of one
pixel for defining the unit stitch area may be larger than or smaller than sixteen.

A distinctive feature of the third embodiment of the present invention
distinguished from the second embodiment is that the division of one pixel for
defining the unit stitch area is performed along the longitudinal direction as well as
the transverse direction.

Fig. 11 shows the number of unit stitch areas included in shot A and shot B
in a boundary area between the shots A and B when an LCD is manufactured

according to the third embodiment of the present invention. In Fig. 11, white color
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represents the areas of shot A and black color represents the areas of shot B. Also,
boundaries indicated by arrows represent boundaries between pixel areas.

As shown in Fig. 11, the number of the unit stitch areas of shot B is six in
the leftmost pixel area, while the number of the unit stitch areas of shot B is one in
the rightmost pixel area. The number of the unit stitch areas of shot B deceases as it
goes to the right. To consider the areas not shown in the figure, all unit stitch areas
are those of shot B since the number of the unit stitch areas of shot B increases as it
goes to the left. Similarly, all unit stitch areas are those of shot A since the number
of the unit stitch areas of shot B deceases while that of shot A increase as goes to the
right.

Therefore, even if misalignment occurs, the width of a subarea offset from
an expected value predominantly decreases compared with a conventional art. This
will be described with reference to Fig. 12.

Fig. 12 shows the change of a subarea under exact alignment and
misalignment. In Fig. 12, a figure represented as “exact alignment” is an expected
subarea, and a figure represented by “misalignment” is an increased subarea due to
the misalignment.

Upon misalignment, the increment takes only a portion of the total length
in the embodiment of the present invention, while the increment take all portions of
the total length according to a conventional art. Therefore, according to the present
invention, the width of a subarea offset from an expected value under misalignment
considerably decreases compared with a conventional art.

Meanwhile, a plurality of photolithography steps, that is, a plurality of
exposures for a plurality of layers are required for forming wires, pixel electrodes,
and switching elements of an LCD, especially of an active matrix type LCD
(“AMLCD”). In this case, it is required to align the stitch area and the unit stitch
areas in the exposure process of the plurality of layers for gradually changing the
brightness with accuracy. In addition, stitch areas or unit stitch areas may be

differed or the stitch areas for a specific layer(s) may have linear or saw shapes.
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As described above, the brightness difference due to stitch errors in an
LCD panel is reduced by gradually changing the exposure areas between right and

left shots in a divisional exposure process of the LCD panel.
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WHAT IS CLAIMED IS:

1. A method of manufacturing a liquid crystal display by divisionally
exposing an active area with a plurality of shots including first and second shots
adjacent to each other, the method comprising:

preparing a stitch area which is an overlapping area of the first and the
second shots at a boundary between the first shot and the second shot; and

performing gradual decrease of an area for the first shot and gradual
increase of an area for the second shot in the stitch area along a direction from the
first shot to the second shot,

wherein the decrease of an area for the first shot and the increase of an area
for the second shot are performed by unit of a unit stitch area obtained by dividing
a pixel area into at least two parts.

2. The method of claim 1, wherein a subarea-dividing member is provided
in a pixel area and the subarea-dividing member is located at a boundary between
the unit stitch areas.

3. The method of claim 1, wherein the pixel area is defined by intersections
of two adjacent gate lines and data lines and the unit stitch area is defined by one of
areas obtained by dividing the pixel area along a division line substantially parallel
to the gate lines.

4. The method of one of claims 1 or 3, wherein the pixel area is defined by
intersections of two adjacent gate lines and data lines and the unit stitch area is
defined by one of areas obtained by dividing the pixel area along a division line

substantially parallel to the data lines.

11
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