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(57) ABSTRACT

Disclosed herein is an LCD device having a drive area
directly formed inside a non-pixel area of a substrate without
an additional drive IC. The LCD device includes a first
substrate having a pixel area and a non-pixel area disposed
peripherally to the pixel area. The pixel area has a thin film
transistor and a pixel electrode in each sub-pixel defined by
gate and data lines crossing each other. A second substrate
formed in opposition to the first substrate includes a color
filter layer and a black matrix layer. A liquid crystal layer is
formed between the first and second substrates. An opening
in the black matrix layer reveals an alignment mark, which
is disposed on at least one of the first substrate and the
second substrate.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Patent Application No. P2005-46991, filed on Jun. 2, 2005,
which is hereby incorporated by reference as if fully set forth
herein.

TECHNICAL FIELD

[0002] The present disclosure relates to a liquid crystal
display (LCD) device, and more particularly, to an LCD
device which has a drive area formed on a non-pixel area of
a substrate without an additional drive IC.

BACKGROUND

[0003] Among flat display devices, liquid crystal display
(LCD) devices are widely used for notebook computers,
monitors, aircraft, and other applications. LCDs have the
advantages of high contrast ratio, good gray scale level, low
power consumption, and good motion quality.

[0004] In particular, LCD technology may be applied to
ultra-thin displays, such as wall-mountable televisions,
because the LCD device has a thin profile. In addition, the
LCD device is light in weight and has low power consump-
tion; thus it may be used as a display device for a notebook
computer which is driven by a battery. Also, the LCD device
can be fabricated in a small size and used for a display of a
mobile phone.

[0005] Generally, the LCD device includes an upper sub-
strate of a color filter array substrate, a lower substrate of a
thin film transistor array substrate, and a liquid crystal layer
of a dielectric anisotropy. In this case, the lower and upper
substrates are positioned in opposition to each other, and the
liquid crystal layer is formed between the lower and upper
substrates. A plurality of pixels are formed, each of which
has a thin film transistor TFT. A voltage is applied to the
corresponding pixel through a pixel-selection address line
by switching the thin film transistor of the pixel region.

[0006] A light source (backlight) is provided to a rear
surface of the LCD device. That is, the LCD device is
formed in a transmitting mode, wherein the light emitted
from the backlight is used to display images on a screen. In
this case, a color filter layer of red (R). green (G) and blue
(B) colors is provided to the LCD device.

[0007] The LCD device may also be used for a desktop
monitor as well as for a notebook computer, in which case
the color filter layer of the LCD device preferably has high
luminosity and chromaticity.

[0008] Hereinafter, an LCD device according to the
related art will be described with reference to the accom-
panying drawings.

[0009] FIG. 1 is a plan view of a general LCD device.
FIG. 2 is a plan view of an LCD device according to the
related art.

[0010] As shown in FIG. 1, a general LCD device
includes a TFT array substrate 50 which is divided into a
pixel area 52 for displaying images inside a dotted line of
FIG. 1, and a non-pixel area 54 outside the dotted line of
FIG. 1.

[0011] Inthe pixel area 52, there are a plurality of gate and
data lines 61 and 62 crossing each other to define sub-pixels.
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Also, a thin film transistor TFT (not shown) is formed
adjacent to a crossing of the gate and data lines 61 and 62.
Bach sub-pixel has a pixel electrode (not shown) which is
electrically connected with a drain electrode of the thin film
transistor. The images are displayed by switching the cor-
responding thin film transistor.

[0012] The non-pixel area 54 is provided with gate and
data link lines 63 and 64 respectively extended from the gate
and data lines 61 and 62. Each one end of the gate link lines
63 is connected with a gate drive IC 70, and each one end
of the data link lines 64 is connected with a data drive IC 80.

[0013] The gate and data drive IC 70 and 80 are mounted
by a tape automated bonding (TAB) method for connection
with a printed circuit board (PCB) 90. On the PCB 90, there
are a plurality of elements such as integrated circuits to
generate various control signals and data signals for opera-
tion of the LCD device.

[0014] Although not shown, the color filter array substrate
of the LCD device includes a color filter layer of red (R),
green ((3) and blue (B) color filter patterns, a black matrix
layer for division of R, G and B color filter patterns and for
light-shielding function, and a common electrode to apply a
voltage to the liquid crystal cells.

[0015] After cutting the LCD device to a desired size,
processes for edge grinding and polarizer attachment are
performed. For the edge grinding process, the position of the
LCD device is sensed by a charged-couple device (CCD)
camera, and then a grinder grinds the edge of the LCD
device. For the polarizer attachment process, after sensing
the position of the LCD device with the CCD camera, a
polarizer is attached to the LCD device.

[0016] To sense the precise position of the LCD device,
the CCD camera may benefit from having an alignment
mark. The alignment mark is formed corresponding to the
region where the data and gate drive ICs is formed prior to
the processes of edge grinding and polarizer attachment. For
reference, the data and gate drive IC are connected with the
LCD device after the processes of edge grinding and polar-
izer attachment.

[0017] Recently, a new model has been proposed, wherein
the gate drive area is formed on the TFT array substrate and
the space for mounting the gate drive IC is eliminated from
the LCD device, thereby increasing the pixel area of the
LCD device. In this case, the alignment mark may be hidden
by the black matrix layer of the color filter array substrate.

[0018] In detail, as shown in FIG. 2, a PCB 190 is
provided only corresponding to a data line part, and the PCB
190 is connected with a data drive IC 180. In this state, a gate
drive area 170 is formed inside a non-pixel area 154 of the
LCD device without the gate drive IC, thereby decreasing
the non-pixel area in size corresponding to the region where
the gate drive IC would be attached. Thus, an alignment
mark corresponding to a related art gate drive IC is formed
in the gate drive area 170.

[0019] Incase of the LCD device having no gate drive IC,
the space for mounting the gate drive IC is eliminated. That
is, the alignment mark is hidden in the processes for edge
grinding and polarizer attachment. In other words, the gate
drive area 170 is overlapped with a color filter array sub-
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strate having a black matrix layer, and thus the alignment
mark is hidden by the black matrix layer.

[0020] In the general LCD device, the alignment mark is
formed in the portions including the gate and data drive ICs
and having no black matrix layer so that it can be seen in the
edge grinding and polarizer attachment processes, and there-
fore, such processes are performed without any problem.
However, in case of the LCD device having no gate drive IC,
the alignment mark formed in the TFT array substrate is
hidden by the color filter array substrate, so that the CCD
camera cannot sense the alignment mark. That is, the align-
ment mark is hidden by the black matrix layer formed at the
edge of the color filter array substrate.

SUMMARY

[0021] Accordingly, the present disclosure is directed to
an LCD device which has a drive area formed on a non-pixel
area of a substrate without an additional drive IC.

[0022] According to one embodiment, the LCD device
comprises a first substrate including a pixel area and a
non-pixel area disposed peripherally to the pixel area. The
pixel area has a thin film transistor and a pixel electrode in
each sub-pixel defined by gate and data lines crossing each
other. A second substrate is disposed in opposition to the first
substrate and includes a color filter layer and a black matrix
layer. A liquid crystal layer is disposed between the first and
second substrates. An alignment mark is disposed on at least
one of the first substrate and the second substrate. An
opening in the black matrix layer reveals the alignment
mark.

[0023] According to another embodiment, the LCD device
includes a first substrate having a pixel area and a non-pixel
area disposed peripherally to the pixel area. The pixel area
has a thin film transistor and a pixel electrode in each
sub-pixel defined by gate and data lines crossing each other.
A second substrate is disposed in opposition to the first
substrate and includes a color filter layer and a black matrix
layer. A liquid crystal layer is disposed between the first and
second substrates. An alignment mark is disposed on the first
substrate and is visible through an opening in the black
matrix layer.

[0024] According to another embodiment, the LCD device
includes a first substrate having a pixel area and a non-pixel
area disposed peripherally to the pixel area. The pixel area
has a thin film transistor and a pixel electrode in each
sub-pixel defined by gate and data lines crossing each other.
A second substrate is disposed in opposition to the first
substrate and includes a color filter layer and a black matrix
layer. A liquid crystal layer is disposed between the first and
second substrates. An alignment mark is disposed on one of
the first substrate and the second substrate and is defined by
an opening in the black matrix layer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIG. 1 is a plan view of a general LCD device;

[0026] FIG. 2 is a plan view of an LCD device according
to the related art;

[0027] FIG. 3 is a plan view of an LCD device according
to the present disclosure;
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[0028] FIGS. 4A and 4B are plan and cross section views
of an alignment mark according to a first embodiment;

[0029] FIGS. 5A and 5B are plan and cross section views
of an alignment mark according to a second embodiment;

[0030] FIGS. 6A and 6B are plan and cross section views
of an alignment mark according to a third embodiment;

[0031] FIGS. 7A and 7B are plan and cross section views
of an alignment mark according to the fourth embodiment
embodiment; and

[0032] FIGS. 8A and 8B are plan and cross section views
of an alignment mark according to the fifth embodiment
embodiment.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to various
preferred embodiments, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0034] FIG. 3 is a plan view of an LCD device according
to the present disclosure. FIGS. 4A and 4B are plan views
of an alignment mark according to a first embodiment.
FIGS. 5A and 5B are plan views of an alignment mark
according to a second embodiment. FIGS. 6A and 6B are
plan and cross section views of an alignment mark according
to a third embodiment. FIGS. 7A and 7B are plan and cross
section views of an alignment mark according to a fourth
embodiment. FIGS. 8A and 8B are plan and cross section
views of an alignment mark according to a fifth embodi-
ment.

[0035] As shown in FIG. 3, an LCD device according to
the present disclosure includes a TFT array substrate 254, a
color filter array substrate 252, a liquid crystal layer (not
shown), and an alignment mark 250.

[0036] The TFT array substrate 254 includes a pixel area
for displaying images and a non-pixel area for supplying
various signals to the pixel area. The pixel area is provided
with switching elements to change an alignment direction of
the liquid crystals. The color filter array substrate 252 is
comprised of a color filter layer for representing colors, and
a black matrix layer 260 for preventing light leakage. Also,
the liquid crystal layer (not shown) is formed between the
color filter array substrate and the TFT array substrate. Then,
a portion of the black matrix layer 260 may be removed to
form an opening therein that reveals the alignment mark
250, which may aid in determining the precise position of
the LCD device in the steps of edge grinding and polarizer
attachment. As used herein, the term “reveals” means makes
visible or defines.

[0037] Although not shown, the pixel area of the TFT
array substrate 254 is provided with a plurality of gate and
data lines crossing each other to define sub-pixels, with a
gate insulating layer disposed between the gate and data
lines. A plurality of thin film transistors TFTs are formed
adjacent to the crossings of the gate and data lines, and a
pixel electrode is electrically connected with each thin film
transistor TFT and formed in an opening of each sub-pixel.

[0038] The non-pixel area is provided with a gate drive
area 270 directly formed on the TFT array substrate 250, and
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a data drive IC 280 connected with the data line by a data
link line extended from the data line. The data drive IC 280
is connected with a PCB 290. That is, the PCB 290 is formed
corresponding to a data line part, and the PCB 290 is
connected with the data drive IC 280. However, the gate
drive area 270 may be directly formed in the non-pixel area
of the LCD device without forming an additional gate drive
IC.

[0039] The gate and data lines may be formed of a
light-shielding material, for example, copper (Cu), alumi-
num (Al), aluminum neodymium (AINd), molybdenum
(Mo), chrome (Cr), titanium (T1), tantalum (Ta), or molyb-
denum-tungsten (MoW).

[0040] Also, the alignment mark 250 may be formed when
forming the gate or data line, together. As shown in FIGS.
4A, 4B, 5A and 5B, a portion of the black matrix layer 260
overlapped with the alignment mark 250 may be removed,
thereby forming an opening in the black matrix layer 260
and preventing the alignment mark 250 from being hidden
by the black matrix layer 260. The opening in the black
matrix layer 260 thus reveals the alignment mark 250 when
viewed from a plan view perspective, as shown in the
figures. As used herein, the term “reveals” means makes
visible or defines. As shown in FIGS. 4A and 4B, the
alignment mark 250 may be formed on the TFT array
substrate 254 by patterning the light-shielding material
layer. The alignment mark 250 shown in FIGS. 4A and 4B
has a relief structure. Also, as shown in FIGS. 5A and 5B,
the alignment mark 250 may be formed on the TFT array
substrate 254 having an intaglio structure by removing a
portion of the light-shielding metal layer 500. The two
substrates 252 and 254 may be aligned to show the align-
ment mark through the opening in the black matrix layer
260. For reference, the reference numeral 600 corresponds
to a portion having no pattern between the black matrix layer
260 and the alignment mark 250.

[0041] The color filter array substrate 252 includes a color
filter layer, a black matrix layer 260, and a common elec-
trode. The color filter layer is disposed in opposition to the
pixel area so as to represent colors, the black matrix layer
260 is disposed in opposition to the periphery of the sub-
pixels and the non-pixel area so as to prevent light leakage,
and a common electrode is disposed in opposition to the
pixel electrode so as to apply an electric field to the liquid
crystal layer.

[0042] The black matrix layer 260 is formed by depositing
or coating a material having an optical density of 3.5 or
above, for example, an inorganic material of chrome oxide
(CrOx) or a metallic material of chrome (Cr). The alignment
mark 250 may be formed when forming the black matrix
layer, together. As shown in FIGS. 6A, 6B, 7A and 7B, one
or more portions of the black matrix layer 260 may be
removed to form an opening therein that reveals the align-
ment mark from a plan view perspective. As used herein, the
term “reveals” means makes visible or defines.

[0043] As shown in FIGS. 6A and 6B, the alignment
mark 250 may be formed to have a relief structure on the
color filter array substrate 252 by patterning the black matrix
layer 260. Also, as shown in FIGS. 7A and 7B, the
alignment mark 250 may be formed on the color filter array
substrate 252 having an intaglio structure by patterning the
black matrix layer 260. The two substrates 252 and 254 may
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be aligned to show the alignment mark 250 revealed by the
opening in the black matrix layer 260. For reference, the
reference numeral 600 corresponds to a portion having no
pattern between the black matrix layer 260 and the align-
ment mark 250.

[0044] As shown in FIGS. 8A and 8B, the alignment
mark may include a first alighment mark 250a formed on a
TFT array substrate, and a second alignment mark 2505
formed on a color filter array substrate. For example, the
second alignment mark 25056 having a relief structure may
be positioned inside the first alignment mark 2504 having an
intaglio structure. Alternatively, the second alignment mark
250) having a relief structure may be positioned inside the
first alignment mark 250q having a relief structure. The first
alignment mark 2502 may be formed at the same time as the
light-shielding metal layer 500 for the gate or data line, and
the second alignment mark 2505 may be formed at the same
time as the black matrix layer. The two substrates 252 and
254 may be aligned to show the second alignment mark
2505 within the first alignment mark 250a. For reference,
the reference numeral 600 corresponds to portions having no
pattern, for example, between the light-shielding material
layer 500 and the second alignment mark 2505, and between
the light shielding material layer 500 and the black matrix
layer 260.

[0045] Alternatively, the first alignment mark having a
relief or an intaglio structure may be positioned inside the
second alignment mark having an intaglio or a relief struc-
ture.

[0046] In this case, the first and second alignment marks
may be used when bonding the TFT array substrate and the
color filter array substrate to each other in addition to the
edge grinding and polarizer attachment processes.

[0047] The alignment mark may be formed at the same
time as the gate or data line of the TFT array substrate.
Alternatively, the alignment mark may be formed at the
same time as the black matrix layer of the color filter array
substrate.

[0048] Also, the alignment mark may be comprised of the
first alignment mark on the TFT array substrate formed at
the same time as the gate or data line, and the second
alignment mark on the color filter array substrate formed at
the same time as the black matrix layer. Also, the alignment
mark may be comprised of the first alignment mark on the
TFT array substrate formed at the same time as the black
matrix layer, and the second alignment mark on the color
filter array substrate formed at the same time as the black
matrix layer.

[0049] In the LCD device having the drive area directly
formed on the substrate, the black matrix layer may be
partially removed to form an opening that reveals the
alignment mark, which may aid in determining the correct
and precise position of the LCD device in the steps of edge
grinding and polarizer attachment.

[0050] In the above drawings, the alignment mark is
formed in the shape of a cross. However, it is not limited to
the cross shape.

[0051] A datadrive area as well as the gate drive area may
be directly formed inside the non-pixel area of the TFT array
substrate, thereby removing the data drive IC. In this case,
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a portion of the black matrix layer covering the data drive
area may be removed, forming an opening in the black
matrix layer over the drive area and preventing the align-
ment mark from being hidden by the black matrix layer.
Accordingly, it may be possible to sense the correct and
precise position of the LCD device in the steps of substrate
bonding, edge grinding, and polarizer attachment.

[0052] 1In the LCD device having the drive area directly
formed inside the non-pixel area of the substrate, a portion
of the black matrix layer covering the drive area of the
non-pixel area may be removed to form an opening in the
black matrix layer that reveals the alignment mark. Accord-
ingly, it may be possible to sense the correct and precise
position of the LCD device in the steps of edge grinding and
polarizer attachment.

[0053] Also, the alignment mark may be formed at the
same time as the gate or data line of the TFT array substrate,
or as the black matrix layer of the color filter array substrate.
Thus, the alignment mark may be formed without an addi-
tional step.

[0054] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the invention. Thus, it is intended that the present dis-
closure 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 device comprising:

a first substrate comprising a pixel area and a non-pixel
area disposed peripherally to the pixel area, the pixel
area having a thin film transistor and a pixel electrode
in each sub-pixel defined by gate and data lines cross-
ing each other;

a second substrate having a color filter layer and a black
matrix layer, the second substrate disposed in opposi-
tion to the first substrate;

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

an alignment mark disposed on at least one of the first
substrate and the second substrate, wherein an opening
in the black matrix layer reveals the alignment mark.

2. The LCD device of claim 1, wherein the alignment
mark comprises a first substrate portion disposed on the first
substrate.

3. The LCD device of claim 2, wherein the first substrate
portion is formed at the same time as the gate line.

4. The LCD device of claim 2, wherein the first substrate
portion is formed at the same time as the data line.

5. The LCD device of claim 2, wherein the first substrate
portion is formed at the same time as the black matrix layer.

6. The LCD device of claim 1, wherein the alignment
mark comprises a second substrate portion disposed on the
second substrate.

7. The LCD device of claim 6, wherein the second
substrate portion is formed at the same time as the black
matrix layer.

8. The LCD device of claim 1, wherein the alignment
mark comprises one of an intaglio structure and a relief
structure.
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9. The LCD device of claim 1, wherein the alignment
mark comprises a first substrate portion disposed on the first
substrate and a second substrate portion disposed on the
second substrate.

10. The LCD device of claim 9, wherein the first substrate
portion is formed at the same time as the gate line.

11. The LCD device of claim 9, wherein the first substrate
portion is formed at the same time as the data line.

12. The LCD device of claim 9, wherein the first substrate
portion is formed at the same time as the black matrix.

13. The LCD device of claim 9, wherein the second
substrate portion is formed at the same time as the black
matrix layer.

14. The LCD device of claim 9, wherein the first substrate
portion comprises one of a first intaglio structure and a first
relief structure and the second substrate portion comprises
one of a second relief structure and a second intaglio
structure.

15. The LCD device of claim 9, wherein the second
substrate portion is positioned inside the first substrate
portion.

16. The LCD device of claim 9, wherein the first substrate
portion is positioned inside the second substrate portion.

17. The LCD device of claim 1, wherein the non-pixel
area has a drive area formed thereon.

18. The LCD device of claim 17, wherein the drive area
corresponds to a gate drive area connected with the gate line.

19. The LCD device of claim 17, wherein the drive area
corresponds to a data drive area connected with the data line.

20. The LCD device of claim 1, wherein the black matrix
layer is disposed over the non-pixel area except a portion
including the alignment mark.

21. An LCD device comprising:

a first substrate comprising a pixel area and a non-pixel
area disposed peripherally to the pixel area, the pixel
area having a thin film transistor and a pixel electrode
in each sub-pixel defined by gate and data lines cross-
ing each other;

a second substrate having a color filter layer and a black
matrix layer, the second substrate disposed in opposi-
tion to the first substrate;

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

an alignment mark disposed on the first substrate and
visible through an opening in the black matrix layer.
22. An LCD device comprising:

a first substrate comprising a pixel area and a non-pixel
area disposed peripherally to the pixel area, the pixel
area having a thin film transistor and a pixel electrode
in each sub-pixel defined by gate and data lines cross-
ing each other;

a second substrate having a color filter layer and a black
matrix layer, the second substrate disposed in opposi-
tion to the first substrate;

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

an alignment mark disposed on one of the first substrate
and the second substrate and defined by an opening in
the black matrix layer.
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