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(57) ABSTRACT

An LCD (liquid crystal display device) and a manufacturing
method thereof are provided. The LCD includes a top
substrate, a bottom substrate, and an alignment mark for
aligning a polarizing plate on the top substrate or the bottom
substrate. Also, the method includes: forming a metal layer
on a substrate and forming a gate electrode, a gate line, and
an alignment mark; forming a thin film transistor and a data
line on the substrate with the gate electrode, the gate line,
and the alignment mark; and forming a passivation layer and
a pixel electrode on the substrate with a source/drain elec-
trode.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display device capable of preventing misattachment of a
polarizing plate, and a manufacturing method thereof.

DESCRIPTION OF RELATED ART

[0002] Since liquid crystal display devices (LCDs) have
low power consumption and high portability through inte-
grated technology, they are considered as a next generation
of high-tech display device. The LCD is an image display
device that includes liquid crystal injected between an array
substrate and a color filter substrate. The array substrate
includes thin film transistors (TFTs). The LCD displays an
image by using a light refractive index difference according
to liquid crystal anisotropy.

[0003] An active matrix liquid crystal display (AMLCD)
is mainly used in a flat display field. One thin film transistor
is used as a switching element to change light transmittance
by controlling a voltage applied to the liquid crystal of one
pixel. Amorphous silicon:H (hereinafter, referred to as amor-
phous silicon) is mainly used for a TFT because it can be
easily manufactured in a large size.

[0004] In manufacturing the LCD, red (R), green (G) and
blue (B) color filters are sequentially formed on a top
substrate using photolithography, a thin film transistor as a
switching element and pixel electrodes are sequentially
formed on a bottom substrate using photolithography, and
the top substrate and the bottom substrate are attached to
each other. Then, an LCD is formed by injecting liquid
crystals.

[0005] A spacer is dispersed between the substrates to
maintain a cell gap between the top substrate and the bottom
substrate, and a seal printing process is performed to attach
the top substrate and the bottom substrate and seal the liquid
crystals.

[0006] The subsequent processes after the attachment pro-
cess will now be described. FIG. 1 is a schematic view
illustrating a related art manufacturing process of an LCD.

[0007] Referring to FIG. 1, a seal is printed on a TFT with
a thin film transistor, and a spacer is dispersed on a color
filter substrate (C/F). Then, the two substrates are combined
together. The attachment of the substrates is performed with
heat, pressure, and ultraviolet irradiation after the TFT
substrate is aligned with the color filter substrate. Then, the
combined substrate is cut into cells.

[0008] When the cell process is completed, liquid crystal
is injected into each liquid crystal cell. Then, the injection
hole is sealed after the injection process using an ultraviolet
hardening resin. A polarizing plate is attached to the liquid
crystal cell after liquid crystal is injected into the liquid
crystal cell. Attachment of the polarizing plate is performed
to press the polarizing plate to the liquid crystal cell using a
roller after the polarizing plate is aligned with a liquid
crystal surface.

[0009] The polarizing plate plays a role in selectively
transmitting light polarized in a predetermined direction
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from light passing through the liquid crystal. The image
quality of the LCD display deteriorates if the polarizing
plate is not precisely attached to the liquid crystal cell.

[0010] After a top polarizing plate and a bottom polarizing
plate are attached to the liquid crystal cell, a defect test is
applied. The defect test includes determining the lighting
status of the liquid crystal cell and whether or not stains are
present. The defect test is performed by applying a test
signal to a pad region of the liquid crystal cell. Then, a
finished LCD is completed by attaching a circuit substrate to
the liquid crystal cell.

[0011] However, referring to FIG. 2, misattachment of the
polarizing plate 15 frequently occurs in the related art
process of attaching a polarizing plate. This occurs as there
is often misalignment between the liquid crystal cell 10 and
the polarizing plate 15 before the polarizing plate 15 is
attached to the liquid crystal cell 10.

[0012] FIG. 2 is a plan view illustrating a related art
misattachment of a polarizing plate during the process of
attaching a polarizing plate. As shown, the polarizing plate
15 is attached to an active area 11 of an image display
region, but is tilted during the attachment process.

[0013] The misattachment of the polarizing plate occurs
because an alignment reference of the polarizing plate 15
and the liquid crystal cell 10 is ambiguous, and the attach-
ment process is performed using a roller right after the
polarizing plate 15 is mechanically aligned with the liquid
crystal 10. In particular, it is difficult to detect twisting of the
polarizing plate when the polarizing plate is attached to the
active area 11 of the liquid crystal cell 10.

SUMMARY

[0014] By way of introduction only, as embodied and
broadly described herein, there is provided an LCD includ-
ing a top substrate, a bottom substrate, a polarizing plate on
the top and/or bottom substrate and a liquid crystal layer
between the top substrate and the bottom substrate. The top
and/or bottom substrate contains an alignment mark. The
polarizing plate is aligned with the alignment mark.

[0015] In another aspect of the present invention, a
method for manufacturing an LCD is provided. The method
includes: forming a layer on a first substrate; etching the
layer to form an alignment mark; aligning a polarizing plate
on the first substrate using the alignment mark and attaching
the aligned polarizing plate to the first substrate; attaching
the first substrate to a second substrate; and providing liquid
crystal to the first and/or second substrates.

[0016] In another embodiment, an LCD (liquid crystal
display device) includes color filter and TFT substrates, the
first and second polarizing plates on the substrates, and
liquid crystal between the substrates. The color filter sub-
strate includes a color filter layer, a black matrix, and a first
alignment mark. The first alignment mark is formed along a
perimeter of and/or at a corner of an active area in the color
filter substrate. The TFT substrate includes gate and data
lines, TFTs, pixel electrodes, and a second alignment mark.
The second alignment mark is formed along a perimeter of
and/or at a corner of an active area in the TFT substrate.

[0017] Tt is to be understood that both the foregoing
general description and the following detailed description of
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the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0019] FIG. 1 is a schematic view illustrating a related art
manufacturing process of an LCD;

[0020] FIG. 2 is a plan view illustrating an attachment
defect of a polarizing plate during a process of attaching a
polarizing plate according to the related art;

[0021] FIG. 3 is a plan view of a polarizing plate attached
to an LCD with an alignment mark according to an embodi-
ment of the present invention;

[0022] FIG. 4 is an enlarged view of a portion A in FIG.
3;
[0023] FIG. 5 is a plan view illustrating a top substrate of

a liquid crystal cell with an alignment mark according to an
embodiment of the present invention;

[0024] FIGS. 6A and 6B are enlarged views of a portion
B in FIG. 5;
[0025] FIG. 7 isaplan view illustrating a bottom substrate

of a liquid crystal cell with an alignment mark according to
an embodiment of the present invention;

[0026] FIG. 8 is an enlarged view of a portion C in FIG.
7; and
[0027] FIG. 9 is a plan view of an LCD according to

another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0029] FIG. 3 is a plan view of a polarizing plate attached
to an LCD with an alignment mark according to an embodi-
ment of the present invention.

[0030] Referring to FIG. 3. an LCD includes a top sub-
strate (a color filter substrate) 100a having R, G and B color
filters. a bottom substrate 1005 having pixel electrodes and
TFTs, and a liquid crystal layer interposed between the top
substrate 100a and the bottom substrate 1005. Also, a
polarizing plate 150 is attached to a liquid crystal cell 100
formed by attaching the top substrate 100a and the bottom
substrate 1004.

[0031] An alignment mark 150 is formed in a corner
region of the top substrate 100a. The alignment mark 150
permits alignment of the polarizing plate 115 during attach-
ment of the polarizing plate 115 to the liquid crystal cell 100.
The alignment mark can be formed in a black matrix region
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outside an active area of the top substrate 100a, or can be
formed in a corner region in an active area of the bottom
substrate 1005. That is, the alignment mark 150 can be
formed on the top substrate 1004 or the bottom substrate
1005 of the liquid crystal cell 100. The alignment mark 150
is formed in a ‘~’-shape to align with a corner of the
polarizing plate 115.

[0032] FIG. 4 is an enlarged view of a portion A in FIG.
3. The alignment mark 150 has a calibrated gauge with a
predetermined interval on an x-axis and a y-axis, and is
divided with a predetermined angle (8) inside the x-axis and
the y-axis.

[0033] Correction of the tilt and alignment are performed
with respect to the calibrated gauge when the polarizing
plate 115 is attached to the top substrate 100a or the bottom
substrate 1005 of the liquid crystal cell 100. Misalignment
includes tilting that can frequently occur during attachment
of the polarizing plate 115 to the top substrate 100a or the
bottom substrate 1005 of the liquid crystal cell 100. This
misalignment can be prevented by aligning a corner of the
polarizing plate 115 with the calibrated gauge of the x-axis
and the y-axis or the angle 0.

[0034] FIG. 5 is a plan view illustrating the top substrate
of the liquid crystal cell with the alignment mark according
to an embodiment of the present invention. The alignment
mark 150 is formed on the corner of an active area 105 in the
top substrate 100a so as enable precise attachment of the
polarizing plate 115 thereto. The alignment mark 150 is
formed by patterning a black matrix 106 of the top substrate
100a.

[0035] Although four alignment marks 150 are illustrated
in the corners of the active area 105, more alignment marks
150 can also be formed along the corners of the active area
105. Since the alignment mark 150 is formed together with
the black matrix during manufacturing of the LCD, addi-
tional processes may be avoided in formation of the align-
ment mark 150.

[0036] FIGS. 6A and 6B are enlarged views of a portion
B in FIG. 5.
[0037] Referring to FIGS. 6A and 6B, the alignment mark

150 is formed together when the black matrix 106 is formed
on the top substrate 100a. After chrome (Cr) or resin
material is formed on the glass, the black matrix 106 is
formed by photolithography. The black matrix 106 is formed
in a lattice shape in an active area 105 of the top substrate
1004, and is formed thickly enough to have a predetermined
width for preventing light leakage around the corners.

[0038] Referring to FIG. 6A, when the black matrix 106
is formed, the alignment mark 150 is formed in an engraved
shape with glass exposed by etching and patterning the black
matrix 106. That is, the alignment mark 150 is patterned
when the black matrix 106 is patterned according to a photo
process. Referring to FIG. 6A, the alignment mark 150 is
formed to expose the transparent glass forming the top
substrate 100a by etching the black matrix 106. Accordingly,
the alignment mark 150 and the angle 0 are formed in a glass
region that is exposed by an etching process.

[0039] However, referring to FIG. 6B, after etching the
alignment mark region, the alignment mark 150 can be
formed of a material of the black matrix 106 in an embossed



US 2006/0290874 A1

shape. At this time, the calibrated gauge and the angle 6 on
the x-axis and the y-axis are formed of the material as the
black matrix 106. When the black matrix 106 is formed on
a glass, a color filter layer is formed in the active area 105
by using R, CG and B color resins. Misattachment of the
polarizing plate can be prevented by forming the alignment
mark 150 on the top substrate 100a with the color filter layer
so as to align the polarizing plate 115. The polarizing plate
115 is then attached to the liquid crystal cell 100.

[0040] FIG. 7 is a plan view illustrating the bottom
substrate of the liquid crystal cell with the alignment mark
according to an embodiment of the present invention. FIG.
8 is an enlarged view of a portion C in FIG. 7.

[0041] Referring to FIGS. 7 and 8, the alignment mark
150 prevents misalignment when attaching the polarizing
plate 115 on the bottom substrate 1005, which has the TFTs
and the pixel electrodes. The alignment mark 150 is formed
on the corner region of the active area 109 with the TFTs and
the pixel electrodes inside a pad region. That is, the align-
ment mark 150 is formed on the bottom substrate 1005
corresponding to the region in which the alignment mark is
formed in FIG. 5.

[0042] The alignment mark 150 is formed on the bottom
substrate 1005 when a gate line or data line is formed in
manufacturing the bottom substrate 1005. That is, when a
metal layer from which a gate line, a gate electrode, and/or
a gate pad are formed on the glass substrate, the alignment
mark 150 is formed by patterning a metal layer in the corner
region of the active area 109. The alignment mark 150 is

formed in a —-shape.

[0043] Next, a thin film transistor, a data line, and a data
pad are formed by forming an active layer and source/drain
electrodes. Additionally, the active layer includes a gate
insulating layer, a channel layer, and an ohmic contact layer.

[0044] The alignment mark 150 can be formed during
formation of the source/drain electrode, the data line, and/or
the data pad. In this case, the alignment mark 150 is not
formed during formation of the gate line but is formed by
patterning a metal layer during formation of the data line.

[0045] Accordingly, the alignment mark 150 is formed of
a source/drain electrode metal, and is a “7’-shaped structure
in a corner of an active area 109. Additionally, the alignment
mark 150 is formed in each corner of the active area 109.
However, a plurality of alignment marks can be formed
along with the perimeter of the active area 109.

[0046] After the source/drain electrodes and the data line
are formed, the bottom substrate (the TFT substrate) 1005 is
completed by forming a passivation layer and a pixel
electrode. Accordingly, the alignment mark 150 can prevent
misalignment and tilting of the polarizing plate 115 during
the attachment process because the angle 8 and the cali-
brated gauge on the x-axis and the y-axis are formed to align
the polarizing plate 115.

[0047] FIG. 9 is a plan view of an LCD according to
another embodiment of the present invention.

[0048] Referring to FIG. 9, an alignment mark 250 pre-
vents misalignment when attaching a polarizing plate 115 to
a liquid crystal panel. A top substrate 200a includes a color
filter layer and a black matrix, and a bottom substrate 2005
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includes TFTs and pixel electrodes. The liquid crystal panel
200 is formed by attaching the top substrate 200a to the
bottom substrate 2005.

[0049] Because the alignment mark 250 has a cross shape,
the polarizing plate can be arranged by aligning a corner of
the polarizing plate 115 with the alignment mark 250. The
alignment mark 250 of FIG. 9 has a broader range of use for
aligning the polarizing plate 115 than that of FIG. 3.
Attachment still can be performed even if an end of the
corner in the polarizing plate 115 is not disposed on the
center of the cross as long as the corner of the polarizing
plate 115 is overlapped with the alignment mark 250, and is
vertically and horizontally aligned with the alignment mark
250.

[0050] Additionally, referring to FIGS. 6a to 8, formation
of the alignment mark 250 in the cross shape is identical to
formation of the top substrate 100¢ with the color filter and
the black matrix, and the bottom substrate 1005 with the
TFTs and pixel electrodes. Accordingly, a description about
the formation of the alignment mark 250 in the cross shape
will be omitted.

[0051] The alignment mark of the polarizing plate can be
used during attachment of the polarizing plate, and during
attachment of other plates such as an optical sheet and a light
guide plate in manufacturing the LCD. Accordingly, mis-
alignment that frequently occurs during attachment of the
polarizing plate, such as relative tilting between the polar-
izing plate and the substrate, can be prevented by forming an
alignment mark to permit precise alignment of the polarizing
plate with the LCD and accurately attach the polarizing plate
to the liquid crystal cell.

[0052] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. An LCD (liquid crystal display device) comprising:

a top substrate;

a bottom substrate, at least one of the top or bottom
substrates containing an alignment mark;

a polarizing plate on the at least one of the top or bottom
substrates and aligned such that the polarizing plate is
aligned with the alignment mark; and

a liquid crystal layer between the top substrate and the

bottom substrate.

2. The LCD according to claim 1, wherein the top
substrate is a color filter substrate including a color filter
layer and a black matrix.

3. The LCD according to claim 1, wherein the bottom
substrate is a TFT substrate including pixel electrodes and
TFTs (thin film transistors).

4. The LCD according to claim 2, wherein the alignment
mark is formed on the top substrate using a material of the
black matrix.

5. The LCD according to claim 2, wherein the alignment
mark is engraved to expose a transparent material forming
the top substrate by etching the black matrix.
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6. The LCD according to claim 2, wherein the alignment
mark is embossed by etching the black matrix.

7. The LCD according to claim 1, wherein the alignment
mark comprises an angle mark, and an x-axis and a y-axis
perpendicular to each other.

8. The LCD according to claim 1, wherein the alignment
mark comprises a perpendicularly bent shape such that the
alignment mark corresponds to a corner of the polarizing
plate.

9. The LCD according to claim 1, wherein the alignment
mark comprises a cross shape.

10. The LCD according to claim 1, wherein a plurality of
the alignment marks is formed along a perimeter of an active
area in the at least one of the top and bottom substrates.

11. The LCD according to claim 1, wherein a plurality of
the alignment marks is formed at corners of an active area
in the at least one of the top and bottom substrates.

12. The LCD according to claim 1, wherein alignment
marks are formed on both the top and bottom substrates.

13. A method for manufacturing an LCD (liquid crystal
display device), the method comprising:

forming a layer on a first substrate;
etching the layer to form an alignment mark;

aligning a polarizing plate on the first substrate using the
alignment mark and attaching the aligned polarizing
plate to the first substrate;

attaching the first substrate to a second substrate; and

providing liquid crystal to at least one of the first or

second substrates.

14. The method according to claim 13, wherein the liquid
crystal is provided between the first and second substrate
after the first and second substrates are attached to each
other.

15. The method according to claim 13, further compris-
ing:

forming a black matrix on the first substrate; and

forming red, green, and blue color filters on the first

substrate.

16. The method according to claim 15, wherein the red,
green, and blue color filters are formed on the first substrate
after the black matrix is formed on the first substrate.

17. The method according to claim 15, wherein the
alignment mark is embossed and formed of the same mate-
rial as the black matrix.

18. The method according to claim 15, wherein the
alignment mark is engraved by etching the black matrix.

19. The method according to claim 13, wherein the
alignment mark is formed at a corner of an active area of the
first substrate.

20. The method according to claim 13, wherein a plurality
of the alignment marks is formed along a perimeter of an
active area of the first substrate.

21. The method according to claim 13, wherein the
alignment mark comprises an angle mark, an x-axis and a
y-axis.

22. The method according to claim 13, wherein the
alignment mark comprises a perpendicularly bent shape
such that the alignment mark corresponds to a corner of the
polarizing plate.
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23. The method according to claim 13, wherein the
alignment mark comprises a cross shape.

24. The method according to claim 13, further comprising
forming a gate electrode, gate and data lines, a thin film
transistor, a passivation layer and a pixel electrode on the
first substrate.

25. The method according to claim 24, wherein the
alignment mark is formed of the same material as the gate
electrode and the gate line.

26. The method according to claim 25, wherein the
alignment mark, the gate electrode, and the gate line are
formed at the same time by etching the layer.

27. The method according to claim 24, wherein the
alignment mark is formed of the same material as the data
line.

28. The method according to claim 27, wherein the
alignment mark and the data line are formed at the same time
by etching the layer.

29. The method according to claim 13, further compris-
ing:

forming another alignment mark on the second substrate;

aligning another polarizing plate on the second substrate
using the other alignment mark; and

attaching the aligned other polarizing plate to the second
substrate.
30. The method according to claim 13, wherein the
aligned polarizing plate is attached to the first substrate after
the first and second substrates are attached.

31. An LCD (liquid crystal display device) comprising:

a color filter substrate including a color filter layer, a black
matrix, and a first alignment mark, the first alignment
mark formed at least one of along a perimeter of or at
a corner of an active area in the color filter substrate;

a TFT substrate including gate and data lines, TFTs, pixel
electrodes, and a second alignment mark, the second
alignment mark formed at least one of along a perim-
eter of or at a corner of an active area in the TFT
substrate;

a first polarizing plate on the color filter substrate and a
second polarizing plate on the TFT substrate, the first
and second polarizing plates aligned with the first and
second alignment mark, respectively; and

a liquid crystal layer between the color filter substrate and

the TFT substrate.

32. The LCD according to claim 31, wherein the first
alignment mark is engraved to expose a transparent material
forming the color filter substrate by etching the black matrix.

33. The LCD according to claim 31, wherein the first
alignment mark is embossed by etching the black matrix.

34. The LCD according to claim 31, wherein each of the
first and second alignment marks comprises an angle mark,
and an x-axis and a y-axis perpendicular to each other.

35. The LCD according to claim 31, wherein each of the
first and second alignment marks comprises a perpendicu-
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5
larly bent shape such that each of the first and second 37. The LCD according to claim 31, wherein a plurality
alignment marks corresponds to a corner of the first and of each of the first and second alignment marks is formed the
second polarizing plate, respectively. color filter and TFT substrates, respectively.

36. The LCD according to claim 31, wherein each of the
first and second alignment marks comprises a cross shape. A& & H %
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