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7) ABSTRACT

The present invention provides a liquid crystal display
device including an array substrate, a color filter substrate
and a liquid crystal layer therebetween. The array substrate
having a display region and non-display regions includes a
plurality of gate lines transversely arranged in the display
region; a plurality of data lines arranged perpendicular to the
plurality of gate lines in the display region; a plurality of
pixel electrodes, each pixel electrode disposed in a pixel
region defined by each pair of gate lines and data lines; and
a plurality of thin film transistors in crossover points of the
plurality of gate lines and data lines, each thin film transistor
connected to each pixel electrode. The color filter substrate
disposed opposite to and spaced apart from the array sub-
strate includes a plurality of color filters, each color filter
corresponding each pixel electrode; and a black matrix layer
covering the periphery of the display region of the array
substrate and corresponding the non-display regions of the
array substrate, wherein the black matrix layer extends over
the pixel electrodes that are disposed in peripheral portions
of the display regions.
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LIQUID CRYSTAL DISPLAY DEVICE HAVING
LIGHT LEAKAGE PREVENTION

[0001] This application claims the benefit of Korean
Patent Application No. 2000-62804, filed on Oct. 25, 2000,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to liquid crystal dis-
play devices. More particularly it relates to liquid crystal
display devices preventing light leakage in peripheral por-
tions.

[0004]

[0005] A liquid crystal display device uses the optical
anisotropy and polarization properties of liquid crystal mol-
ecules to produce an image. Liquid crystal molecules have
a definite orientational alignment as a result of their long,
thin shapes. That orientational alignment can be controlled
by an applied electric field. In other words, as an applied
electric field changes, so does the alignment of the liquid
crystal molecules. Due to the optical anisotropy, the refrac-
tion of incident light depends on the orientation of the liquid
crystal molecules. Thus, by properly controlling an applied
electric field a desired image can be produced.

[0006] Of the different types of known LCDs, active
matrix LCDs (AM-LCDs), which have thin film transistors
and pixel electrodes arranged in a matrix form, are the
subject of significant research and development because of
their high resolution and superiority in displaying moving
images.

[0007] LCD devices have wide application in office auto-
mation (OA) equipment and video units because they are
light and thin, and have low power consumption character-
istics. The typical liquid crystal display (LCD) panel has an
upper substrate, a lower substrate and a liquid crystal layer
interposed therebetween. The upper substrate, commonly
referred to as a color filter substrate, usually includes a
common ¢lectrode and color filters. The lower substrate,
commonly referred to as an array substrate, includes switch-
ing elements, such as thin film transistors (TFTs), and pixel
electrodes.

[0008] As previously described, LCD device operation is
based on the principle that the alignment direction of the
liquid crystal molecules is dependent upon an electric field
applied between the common electrode and the pixel elec-
trode. Thus, the alignment direction of the liquid crystal
molecules is controlled by the application of an electric field
to the liquid crystal layer. When the alignment direction of
the liquid crystal molecules is properly adjusted, incident
light is refracted along the alignment direction to display
image data. The liquid crystal molecules function as an
optical modulation element having variable optical charac-
teristics that depend upon polarity of the applied voltage.

[0009] FIG. 1 is a schematic cross-sectional view illus-
trating a conventional LCD cell in an active matrix LCD. As
shown, the LCD cell 20 has lower and upper substrates 2 and
4 and a liquid crystal (LC) layer 10 interposed therebetween.
The lower substrate 2 has a thin film transistor (TFT) “T” as
a switching element that switches a voltage that changes the

2. Discussion of the Related Art
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orientation of the LC molecules. The lower substrate 2 also
includes a pixel electrode 14 that is used to apply an electric
field across the LC layer 10 in response to signals applied to
the TFT “T.” The upper substrate 4 has a color filter 8 for
producing a color, and a black matrix 7 shielding light in
non-display regions and preventing the thin film transistor
from light irradiation. Furthermore, the upper substrate 4
includes a common electrode 9 on the color filter 8 and black
matrix 7. The common electrode 9 serves as an electrode that
produces the electric field across the LC layer (with the
assistance of the pixel electrode 14). The pixel electrode 14
is arranged over a pixel portion “P,” i.e., a display region. A
lower orientation layer 11 that serves to align the liquid
crystal molecules for selectively transmitting light is dis-
posed on the pixel electrode 14 and over the TFT “T,” while
an upper orientation layer 5 that serves to align the liquid
crystal molecules with the lower orientation layer 11 is on
the common electrode 9. Further, to prevent leakage of the
LC layer 10, a pair of substrates 2 and 4 are sealed by a
sealant 6.

[0010] The lower substrate needs several more processes
than the upper substrate, such as a deposition process and a
photolithography process. Since the deposition and photo-
lithography processes are carried out several times when
forming the array substrate, several steps are formed in an
array matrix type on the lower substrate.

[0011] FIG. 2 is a schematic partial plan view showing a
display region and non-display regions of the liquid crystal
display of FIG. 1. In FIG. 2, the liquid crystal display cell
20 is widely divided into the display region 40 in which
images are displayed, and the non-display regions 30 in
which alignment keys (not shown) and shorting bars (not
shown) are disposed. The alignment keys are points to align
the upper substrate to the lower substrate, and the shorting
bars serve in the circuit test. The non-display regions 30 are
detached in later steps after the circuit test and attaching the
upper substrate to the lower substrate. In the display region
40, a plurality of gate lines 42 are arranged in a transverse
direction and a plurality of data lines 44 are arranged
perpendicular to the plurality of gate lines 42. In each
crossover point of the gate lines 42 and the data lines 44, a
thin film transistor (TFT) “T” is disposed in a matrix type.
A plurality of pixel electrodes 46 are placed in pixel regions
defined by the gate lines 42 and the data lines 44. Further,
the plurality of pixel electrodes 46 are divided into first pixel
electrodes 46a disposed in peripheral portions of the display
region 40, and second pixel electrodes 465 disposed in an
inner portion of the display region 40.

[0012] Still referring to FIG. 2, an arrow “Rj,” represents
an exemplary rubbing direction when the lower orientation
layer 11 of FIG. 1 is rubbed for aligning the liquid crystal
molecules. At this time, the periphery such like areas “I,”
is irregularly rubbed due to the steps of the array matrix
structure. Especially, when the rubbing direction is from
bottom to top as shown in FIG. 2, the rubbing irregularity
exceedingly occurs in both right and left areas such like the
area “L,.” Further, this rubbing irregularity causes light
leakage in the periphery of the liquid crystal display when a
driving voltage is applied to the pixel electrodes 46.

[0013] FIG. 3 is a cross-sectional view taken along the
line ITI-IIT of FIG. 2 and illustrates a peripheral portion of
the display region. In FIG. 3, the lower substrate 2 includes
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the first pixel electrode 46¢ and the data lines 44 which are
disposed over the substrate 1 and separated from each other.
The lower orientation layer 11 is disposed on the first pixel
electrode 46a and over the data line 44. The upper substrate
4 includes the black matrix 7 and color filter 8§ on the
substrate 1. The common electrode 9 is disposed on the
black matrix 7 and color filter 8, and the upper orientation
layer 5 is disposed on the common electrode 9. The black
matrix 7 corresponds to the non-pixel region in which the
data line 44 is arranged, while the color filter 8 corresponds
to the pixel region that is the display region. Liquid crystal
molecules 15 are disposed between the lower substrate 2 and
the upper substrate 4, thereby forming a liquid crystal layer
10. As a material for the upper and lower orientation layers
5 and 11, polyimide is mainly used. Polyimide aligns the
liquid crystal molecules so that they are parallel to the
substrate 1.

[0014] In general, the upper and lower orientation layers 5
and 11 are rubbed in one direction to align the liquid crystal
molecules 15 and make the liquid crystal molecules 15 have
pretilt angle. In the rubbing process, a rubbing fabric rolled
onto a roller is widely used and the upper and lower
orientation layers 5 and 11 are rubbed to have a plurality of
minute grooves on their surface using this rubbing fabric.
Therefore, the surfaces of the orientation layers are rubbed
in a uniform direction. However, the peripheral portions of
the liquid crystal display, such as a region “R” of FIG. 3, are
irregularly rubbed rather than an inner portion. Especially,
this rubbing irregularity easily occurs in the lower substrate
2 due to the fact that the lower substrate 2 includes several
array matrix structures and has several steps caused by the
array matrix elements. Especially, because of the steps
between the display region 40 and the non-display regions
30 (in FIG. 2), the region “R” of FIG. 3 in the first pixel
electrode 464 is not properly rubbed. Thereby, the liquid
crystal molecules 15 disposed within the region “R” of the
first pixel electrode 46 are not properly arranged when the
voltage is applied to the pixel electrode, thereby giving rise
to light leakage. The irregularities of the surface of the
region “R” (i.¢., the irregularly rubbed area) depend on the
rubbing direction of the orientation layer.

[0015] As described above, light leakage occurring in the
periphery of the liquid crystal display deteriorates and
decreases the display quality of the liquid crystal display
device.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0017] An object of the present invention is to provide an
LCD device, which has a structure that prevents light
leakage.

[0018] Additional features and advantages of the inven-
tion will be set forth in the description which follows and in
part will be apparent from the description, or may be learned
by practice of the invention. The objectives and other
advantages of the invention will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.
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[0019] In order to achieve the above object, the present
invention provides a liquid crystal display device that
includes an array substrate having a display region and
non-display regions, a color filter substrate disposed oppo-
site to and spaced apart from the array substrate, a first
orientation layer arranged between the array substrate and
the liquid crystal layer; and a second orientation layer
arranged between the color filter substrate and the liquid
crystal layer. The first and second orientation layers include
at least polyimide.

[0020] In the inventive liquid crystal display device, the
array substrate having a display region and non-display
regions includes a plurality of gate lines transversely
arranged in the display region; a plurality of data lines
arranged perpendicular to the plurality of gate lines in the
display region; a plurality of pixel electrodes, each pixel
electrode disposed in a pixel region defined by each pair of
gate lines and data lines; and a plurality of thin film
transistors in crossover points of the plurality of gate lines
and data lines, each thin film transistor connected to each
pixel electrode.

[0021] In the inventive liquid crystal display device, the
color filter substrate disposed opposite to and spaced apart
from the array substrate includes a plurality of color filters,
each color filter corresponding to each pixel electrode; and
a black matrix layer covering the periphery of the display
region of the array substrate and corresponding to the
non-display regions of the array substrate, wherein the black
matrix layer extends over the pixel electrodes that are
disposed in peripheral portions of the display regions. The
color filter substrate further includes a common electrode on
the black matrix layer and plurality of color filters. Espe-
cially, the black matrix layer covers portions of the pixel
electrodes disposed in the periphery of the array substrate.

[0022] In another aspect of the invention, a method of
making a liquid crystal display (LCD) device having first
and second substrates, the first substrate having a display
region and non-display regions, comprises forming a black
matrix layer on a second substrate, the black matrix layer
covering the non-display regions and a periphery of the
display region; forming a color filter layer on the second
substrate and black matrix layer; and forming a liquid crystal
layer between the first substrate and the second substrate.

[0023] In a further aspect of the present invention, a
method of making a liquid crystal display (LCD) device
having first and second substrates, the first substrate having
adisplay region and non-display regions, comprises forming
a plurality of data lines formed on the first substrate in the
non-display regions; forming a plurality of pixel electrodes
formed on the first substrate in the display region; forming
a lower orientation layer formed on the plurality of pixel
electrodes; forming a black matrix layer on the second
substrate, the black matrix layer covering the non-display
regions and the periphery of the display region; forming a
color filter layer on the second substrate and black matrix
layer; and forming a liquid crystal layer between the first
substrate and the second substrate.

[0024] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate the present invention and together with the descrip-
tion serve to explain the principles of that invention.

[0026]

[0027] FIG. 1 is a schematic cross-sectional view illus-
trating one pixel of a liquid crystal display device according
to the related art;

[0028] FIG. 2 is a schematic partial plan view showing a
display region and non-display regions of the liquid crystal
display of FIG. 1,

[0029] FIG. 3 is a cross-sectional view taken along the
line III-IIT of FIG. 2 and illustrates a peripheral portion of
the display region,

[0030] FIG. 4 is a schematic partial plan view showing a
display region and non-display regions of the liquid crystal
display according to the present invention; and

[0031] FIG. 5 is a cross-sectional view taken along the

line V-V of FIG. 4 and illustrates a peripheral portion of the
display region.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

[0032] Reference will now be made in detail to an illus-
trated embodiment of the present invention, an example of
which is shown in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or the parts.

[0033] In general, a liquid crystal display device includes
a lower substrate (often referred to as an array substrate) in
which a plurality of thin film transistors (TFTs), i.e., switch-
ing devices, are arranged; an upper substrate (often referred
to as a color filter substrate) on which a plurality of color
filters and a black matrix are formed; and a liquid crystal
layer therebetween.

[0034] FIG. 4 is a schematic partial plan view showing a
display region and non-display regions of the liquid crystal
display device according to the present invention. In FIG. 2,
the liquid crystal display device 100 is widely divided into
the non-display regions 110 in which images are not dis-
played, and the display region 120 in which the images are
displayed. The non-display regions 110 include alignment
keys (not shown) and shorting bars (not shown). The align-
ment keys are the points to align the upper substrate to the
lower substrate, and the shorting bars serve in the circuit test.
The non-display regions 110 are detached in later steps after
the circuit test and attaching the upper substrate to the lower
substrate.

[0035] In the display region 120 of FIG. 4, a plurality of
gate lines 142 are arranged in a transverse direction and a
plurality of data lines 144 are arranged perpendicular to the
plurality of gate lines 142. In each crossover point of the gate
lines 142 and the data lines 144, a thin film transistor (TFT)
“T” is disposed in a matrix type. A plurality of pixel
electrodes 146 are placed in pixel regions defined by the gate
lines 142 and the data lines 144. Further, the plurality of
pixel electrodes 146 are divided into first pixel electrodes
146a disposed in peripheral portions of the display region
120, and second pixel electrodes 1460 disposed in an inner
portion of the display region 120.
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[0036] Still referring to FIG. 2, an arrow “Rp” represents
an exemplary rubbing direction when a lower orientation
layer 111 of FIG. § is rubbed for aligning the liquid crystal
molecules. At this time in FIG. 4, the periphery of the
display region 120, such as an area “L,,” is irregularly
rubbed due to the steps of the array matrix structure as
described before. However, a black matrix 210 of FIG. 5 is
disposed in periphery “B,,” (i.e., black matrix areas) of the
display region 120 in FIG. 4. Especially, the black matrix
210 of FIG. 5 overlaps the irregularly rubbed areas of the
first electrodes 1464, such as the area “L,,” thereby pre-
venting light leakage caused by the rubbing irregularity.

[0037] In other words, a portion of the lower orientation
layer disposed on the outer portions of the first pixel
electrodes 1464 is irregularly rubbed mainly due to the steps
of the array matrix structures. The liquid crystal molecules
disposed on this irregularly rubbed area are not properly
arranged, thereby causing light leakage. Therefore, the black
matrix is correspondingly formed over the black matrix
areas “By,” to cover the irregularly rubbed area, such as the
area “L,.”

[0038] FIG. 5 is a cross-sectional view taken along the
line V-V of FIG. 4 and illustrates a peripheral portion of the
display region. In FIG. 5, the lower substrate 102 includes
the first pixel electrode 146a and the data lines 144 which
are disposed over the substrate 1 and separated each other.
The lower orientation layer 111 is disposed on the first pixel
electrode 146a and over the data line 144. The upper
substrate 200 includes a black matrix 210 and a color filter
212 on the substrate 1. The common electrode 214 is
disposed on the black matrix 210 and color filter 212, and the
upper orientation layer 220 is disposed on the common
electrode 214. Liquid crystal molecules 152 are disposed
between the lower substrate 102 and the upper substrate 200,
thereby forming a liquid crystal layer 150. As mentioned
before, polyimide is mainly used for the lower and upper
orientation layers 111 and 220. Polyimide aligns the liquid
crystal molecules 152 so that they are parallel to the sub-
strate 1.

[0039] Further referring to FIG. 5, a portion “R” of the
first pixel electrode 1464 is irregularly rubbed area, and thus
the liquid crystal molecules 152 disposed within the portion
“R” are not properly arranged. However, the black matrix
210 on the substrate 1 correspondingly covers the irregularly
rubbed portion “R,” thereby preventing light leakage that
occurs in the portion “R.” In other words, since the black
matrix 210 extends over the portion “R” of the first pixel
electrode 146a in which the lower orientation layer 111 is
irregularly rubbed and the liquid crystal molecules 152 are
not properly arranged, light leakage caused by the non-
properly arranged liquid crystal molecules 152 is prevented.
As aforementioned, light leakage is prevented without addi-
tional process, thereby increasing the display quality.

[0040] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
array substrate of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope
of the appended claims and their equivalents.

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

a first substrate having a display region and non-display
regions;
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a black matrix layer on a second substrate, the black
matrix layer covering the non-display regions and the
periphery of the display region,

a color filter layer on the second substrate and black
matrix layer; and

a liquid crystal layer between the first substrate and the
second subsrate.
2. The device of claim 1, wherein the first substrate further
comprises:

a plurality of gate lines transversely arranged in the
display region;

a plurality of data lines arranged perpendicular to the
plurality of gate lines in the display region;

a plurality of pixel electrodes disposed in pixel regions
defined by the gate and data lines; and

a plurality of thin film transistors in crossover points of
the gate lines and data lines, each thin film transistor
connected to each pixel electrode.

3. The device of claim 2, wherein the black matrix layer
extends over the pixel electrodes disposed in peripheral
portions of the display region.

4. The device of claim 2, wherein the black matrix layer
covers portions of the pixel electrodes disposed in the
periphery of the first substrate.

5. The device of claim 2, wherein the pixel electrodes are
divided into first pixel electrodes disposed in peripheral
portions of the display region, and second pixel electrodes
disposed in an inner portion of the display region.

6. The device of claim 1, wherein the second substrate
further comprises a common electrode on the color filter
layer.

7. The device of claim 1, further comprising a first
orientation layer on the first substrate.

8. The device of claim 7, wherein the first orientation
layer is formed on the first pixel electrodes.

9. The device of claim 7, wherein the first orientation
layer includes polyimide.

10. The device of claim 1, further comprising a second
orientation layer on the second substrate.

11. The device of claim 10, wherein the second orientation
layer includes polyimide.

12. A liquid crystal display (LCD) device, comprising:

a first substrate having a display region and non-display
regions;

a plurality of data lines formed on the first substrate in the
non-display regions;

a plurality of pixel electrodes formed on the first substrate
in the display region;

a lower orientation layer formed on the plurality of pixel
electrodes;

a black matrix layer on a second substrate, the black
matrix layer covering the non-display regions and the
periphery of the display region;

a color filter layer on the second substrate and black
matrix layer; and

a liquid crystal layer between the first substrate and the

second substrate.

13. A method of making a liquid crystal display (LCD)
device having first and second substrates, the first substrate
having a display region and non-display regions, compris-
ing:
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forming a black matrix layer on a second substrate, the
black matrix layer covering the non-display regions and
a periphery of the display region;

forming a color filter layer on the second substrate and
black matrix layer; and

forming a liquid crystal layer between the first substrate
and the second substrate.
14. The method of claim 1, further comprising:

forming a plurality of gate lines transversely arranged in
the display region of the first substrate;

forming a plurality of data lines arranged perpendicular to
the plurality of gate lines in the display region of the
first substrate;

forming a plurality of pixel electrodes disposed in pixel
regions defined by the gate and data lines; and

forming a plurality of thin film transistors in crossover
points of the gate lines and data lines, each thin film
transistor connected to each pixel electrode.

15. The method of claim 14, wherein the black matrix
layer extends over the pixel electrodes disposed in periph-
eral portions of the display region.

16. The method of claim 14, wherein the black matrix
layer covers portions of the pixel electrodes disposed in the
periphery of the first substrate.

17. The method of claim 14, wherein the pixel electrodes
are divided into first pixel electrodes disposed in peripheral
portions of the display region, and second pixel electrodes
disposed in an inner portion of the display region.

18. The method of claim 13, further comprising forming
a common electrode on the color filter layer of the second
substrate.

19. The device of claim 13, further comprising forming a
first orientation layer on the first substrate.

20. The device of claim 19, wherein the first orientation
layer is formed on the first pixel electrodes.

21. The device of claim 19, wherein the first orientation
layer includes polyimide.

22. The device of claim 13, further comprising a second
orientation layer on the second substrate.

23. The device of claim 22, wherein the second orienta-
tion layer includes polyimide.

24. A method of making a liquid crystal display (LCD)
device having first and second substrates, the first substrate
having a display region and non-display regions, compris-
ing:

forming a plurality of data lines formed on the first

substrate in the non-display regions;

forming a plurality of pixel electrodes formed on the first
substrate in the display region;

forming a lower orientation layer formed on the plurality
of pixel electrodes;

forming a black matrix layer on the second substrate, the
black matrix layer covering the non-display regions and
the periphery of the display region;

forming a color filter layer on the second substrate and
black matrix layer; and

forming a liquid crystal layer between the first substrate
and the second substrate.
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