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7 ABSTRACT

An active matrix liquid crystal display device which has
color filters disposed on a TFT (Thin-Film Transistor) sub-
strate, and which reduces the effect of light leakage regions
over data lines for an increased viewing angle. The liquid
crystal display device has the data lines disposed on the TFT
substrate at respective gaps between adjacent two of pixel
electrodes, for supplying data signals to TFTs to drive pixel
electrodes, and a black matrix disposed on the TFT substrate
in association with the data lines for blocking light passing
in a predetermined viewing angle range through a light
leakage region created in the liquid crystal layer depending
on a potential difference between adjacent two of the pixel
electrodes.
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ACTIVE MATRIX LIQUID CRYSTAL DISPLAY
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active matrix
liquid crystal display device.

[0003] 2. Description of the Related Art

[0004] Heretofore, active matrix liquid crystal display
devices capable of displaying color images have been of a
structure including a TFT (Thin-Film Transistor) substrate
with TFTs and pixel electrodes disposed thereon in associa-
tion with respective pixels, an opposing substrate with color
filters and a common electrode disposed thereon, and a
liquid crystal layer sealed between the TFT substrate and the
opposing substrate. In this structure, the color filters and the
pixel electrodes need to be positioned accurately in align-
ment with each other. In order to prevent an unwanted
leakage of light, a light shielding layer referred to as a black
matrix is required to be positioned between the color filters
which are combined with the respective pixels on the
opposing substrate. In view of these requirements, it has
been proposed to fabricate color filters on a TFT substrate.
With color filters fabricated on a TFT substrate, an opposing
substrate can be constructed of a transparent substrate and a
transparent common electrode fabricated uniformly over the
transparent substrate. Therefore, the process of manufactur-
ing active matrix liquid crystal display devices is simplified,
and it is relatively easy to achieve precise alignment
between the opposing substrate and the TFT substrate. In
addition, various interconnections on the TFT substrate can
be used as a light shielding layer.

[0005] FIG. 1 shows in schematic cross section of a
conventional active matrix liquid crystal display device with
color filters mounted on a TFT substrate.

[0006] As shown in FIG. 1, TFT substrate 10 comprises
transparent glass substrate 11 which supports on one major
surface thereof a plurality of patterned data lines 12 extend-
ing parallel to each other, color layers 13 of color filters and
transparent overcoat layer 14 which are successively depos-
ited on the major surface of transparent glass substrate 11,
and transparent pixel electrodes 15 disposed on the surface
of overcoat layer 14 in association with the respective pixels.
Data lines 12 are covered with color layers 13, and extend
in a direction normal to the sheet of FIG. 1. Opposing
substrate 20 comprises glass substrate 21 supporting on a
transparent uniform common electrode 22 on one major
surface thereof. TFT substrate 10 and opposing substrate 20
are spaced a given distance from each other with pixel
electrodes 15 and common electrode 22 confronting each
other. A liquid crystal layer 30 is sealed between TET
substrate 10 and opposing substrate 20. Each of data lines 12
is made of an opaque conductive material and serves to
block gaps between two adjacent pixels against the entry of
light. As well known to those skilled in the art, TFT substrate
10 also supports gate lines and TFTs associated with the
respective pixels. The data lines are also referred to as video
signal lines or drain lines and source lines, and the gate lines
as scanning lines.

1. Field of the Invention

[0007] FIG. 2 shows an equivalent circuit of such an
active matrix liquid crystal display device.
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[0008] As shown in FIG. 2, pixel clectrodes 15 and TFTs
41 which are associated with the respective pixels are
arranged in a matrix form on TFT substrate 10. TFTs 41,
which operate as switching elements, have gates connected
to gate lines 42, drains connected to data lines 12, and
sources connected to pixel electrodes 15. However, the
sources of TFTs 41 may be connected to data lines 12, and
the drains thereof to pixel electrodes 15. Common electrode
22 is grounded, and a liquid crystal layer sandwiched
between common electrode 22 and one pixel electrode 15
serves as one pixel portion 40. On TFT substrate 10, gate
lines 42 extend parallel to each other and perpendicularly to
data lines 12. Equivalent pixel capacitors 43 are connected
parallel to the respective pixel portions 40. Data lines 12 and
gate lines 42 are driven respectively by drivers 44 and
drivers 45.

[0009] It has been pointed out that the above conventional
active matrix liquid crystal display device with the color
filters on the TFT substrate has a smaller viewing angle than
the active matrix liquid crystal display device with the color
filters on the opposing substrate, even if it is provided with
a phase difference compensation plate. Table 1 given below
shows measured viewing angles in vertical and horizontal
directions of active matrix liquid crystal display devices
with color filters on TFT substrates and an active matrix
liquid crystal display device with color filters on an oppos-
ing substrate. The values set forth in Table 1 were obtained
with phase difference compensation plates used on these
display devices.

TABLE 1
Type

9.4" UXGA 12.1" SVGA 12.1" SVGA
Pixel pitch 120 ym 300 ym 300 gm
Color filter TFT substrate TFT substrate Opposing
position substrate
Viewing angle 90 degrees 92 degrees 90 degrees
(Vertical)
Viewing angle 90 degrees 105 degrees 110 degrees
(Horizontal)

[0010] The viewing angle referred to above is an angle in
which the ratio of contrast between white and black display
images is 10% or higher. As can be seen from Table 1, the
vertical viewing angle remains substantially the same irre-
spective of whether the color filters are disposed on the
opposing substrate or the TFT substrate. However, the
horizontal viewing angle is much smaller with the color
filters disposed on the TFT substrate than with the color
filters disposed on the opposing substrate. This tendency
manifests itself if the pixels are smaller.

[0011] The above phenomenon will be described in detail
below with reference to FIG. 1.

[0012] Tt is assumed that the conventional active matrix
liquid crystal display device shown in FIG. 1 is used in a
normally white mode. If pixels disposed one on each side of
data line 12 displays a black image, then when the liquid
crystal display device is driven by a dot inversion driving
process, since a voltage of +5 V is applied to one of the pixel
electrodes and a voltage of -5 V is applied to the other pixel
electrode, a strong lateral electric field is generated in a
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region above data line 12 of liquid crystal layer 30, causing
directors (liquid crystal molecules) 31 to fall thereby to
substantially display a white image in that region. Specifi-
cally, as indicated by Ain FIG. 1, a white image is displayed
in the region of the gap between pixel electrodes 15 and a
region slightly extending from the gap into the pixel elec-
trodes. These regions are combined as a region where light
leaks. In the other region, directors 31 are erected parallel to
the direction from pixel electrodes 15 to common electrode
22, and a black image is displayed. When the white image
region is viewed from the front of the active matrix liquid
crystal display device, it is visually recognized as a black
region because light is blocked by data line 12. When the
white image region is obliquely viewed, as indicated by the
arrow B, light is not blocked by data line 12, and liquid
crystal layer 30 is affected by light that passes only through
light leakage region A. While the region should be visually
recognized as the black region, since there is light passing
through liquid crystal layer 30 as indicated by the arrow B,
the contrast in the black region is lowered, resulting in a
reduction in the intensity of black in the black region.

[0013] If the liquid crystal display device is a highly fine
display panel with small pixel pitches, then because the ratio
of light leakage regions to ordinary pixel regions tends to be
larger than a display panel with greater pixel pitches, the
contrast in the black region as obliquely viewed is reduced,
resulting in a smaller viewing angle. The ordinary pixel
regions are referred to as normal regions where liquid crystal
molecules are vertically oriented to display a black image.

[0014] The above phenomenon can occur with respect to
the gate lines. However, inasmuch as a relatively large
voltage is applied to the gate lines at all times unlike the data
lines, and pixel electrodes are of a rectangular shape that is
elongate parallel to the data lines in a color active matrix
liquid crystal display device, the above phenomenon is not
so noticeable as with the data lines, and does not lead to a
substantial reduction in the viewing angle and visual per-
ception.

[0015] Inorder to prevent the contrast from being lowered
and also to prevent the viewing angle from being reduced,
Japanese laid-open patent publication No. 10-104664 (JP,
10104664, A), for example, discloses an arrangement in
which data lines have an increased width and overlap pixel
electrodes with an overcoat layer interposed therebetween.
The disclosed arrangement, however, is disadvantageous in
that because the data lines need to be extremely large in
width in order to achieve a desired viewing angle, the
aperture ratio is lowered, and the layout of TFTs and
auxiliary capacitors is limited.

SUMMARY OF THE INVENTION

[0016] Tt is therefore an object of the present invention to
provide an active matrix liquid crystal display device which
is capable of providing a wide viewing angle without the
need for widened data lines even if color filters are disposed
on a TFT substrate.

[0017] According to the present invention, the above
object can be achieved by an active matrix liquid crystal
display device comprising a first substrate (TFT substrate),
asecond substrate (opposing substrate) disposed in opposing
relation to the first substrate, a liquid crystal layer sand-
wiched between the first substrate and the second substrate,
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a plurality of pixel electrodes arranged in a matrix on the
first substrate, a plurality of switching elements disposed on
the first substrate in association with the pixel electrodes,
respectively, for driving the pixel electrodes, respectively, a
plurality of data lines disposed on the first substrate at
respective gaps between adjacent two of the pixel electrodes,
for supplying data signals to the switching elements, a black
matrix disposed on the first substrate in association with the
data lines, for blocking light passing in a predetermined
viewing angle range through a light leakage region created
in the liquid crystal layer depending on a potential difference
between adjacent two of the pixel electrodes.

[0018] The black matrix is provided to block light that
passes through a light leakage region created in gaps
between the pixel electrodes for thereby increasing the
contrast as viewed in an oblique direction to increase a
viewing angle. Therefore, dimensions of the black matrix
are determined depending on a desired viewing angle and
the extent of the light leakage region.

[0019] There is also provided a simple process of deter-
mining the extent of the black matrix in a direction perpen-
dicular to the direction in which the data lines extend, i.c.,
the width of the black matrix.

[0020] In the active matrix liquid crystal display device
according to the present invention, color layers of color
filters are typically disposed on the first substrate. An
overcoat layer may be disposed on the first substrate. With
the overcoat layer disposed on the first substrate, the black
matrix may be disposed below the overcoat layer, i.e.,
closely to the first substrate, or above the overcoat layer, i.e.,
closely to the liquid crystal layer.

[0021] Because the black matrix, i.c., a light shiclding
layer, is disposed on the TFT substrate, the active matrix
liquid crystal display device can provide an increased view-
ing angle without widening the data lines even if the color
filters are disposed on the TFT substrate.

[0022] The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following description with reference to the accompanying
drawings which illustrate examples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic cross-sectional view of a
conventional active matrix liquid crystal display device;

[0024] FIG. 2 is a circuit diagram of an equivalent circuit
of a general active matrix liquid crystal display device;

[0025] FIG. 3 is a schematic cross-sectional view of an
active matrix liquid crystal display device according to a
first embodiment of the present invention;

[0026] FIG. 4 is a schematic cross-sectional view of an
active matrix liquid crystal display device according to a
second embodiment of the present invention;

[0027] FIG. 5 is a schematic cross-sectional view of an
active matrix liquid crystal display device according to a
third embodiment of the present invention; and

[0028] FIG. 6 is a schematic cross-sectional view of an
active matrix liquid crystal display device according to a
fourth embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0029] FIG. 3 shows in cross section an active matrix
liquid crystal display device according to a first embodiment
of the present invention. The liquid crystal display device
shown in FIG. 3 is similar to the conventional liquid crystal
display device shown in FIG. 1 in that color filters (color
layers 13) are disposed on TFT substrate 10, but differs
therefrom in that black matrix 16 serving as a light shielding
layer for blocking light applied in an oblique direction is also
disposed on TFT substrate 10. Those parts of the liquid
crystal display device shown in FIG. 3 which are identical
to those of the liquid crystal display device shown in FIG.
1 are denoted by identical reference numerals.

[0030] As shown in FIG. 3, TFT substrate 10 comprises
transparent glass substrate 11 which supports on one major
surface thereof a plurality of patterned data lines 12 extend-
ing parallel to each other, and color layers 13 of color filters
disposed in regions of the major surface of glass substrate 11
which are not covered with data lines 12. Data lines 12 are
made of an opaque conductive material, and extend in a
direction normal to the sheet of FIG. 3. Color layers 13 have
portions extending from edges of data lines 12 onto upper
surfaces of data lines 12.

[0031] Black matrix 16 is disposed over data line 12 and
extends in the same direction as data line 12. Black matrix
16 has a lower surface held against the upper surface of data
line 12. Black matrix 16 extends laterally over the portions
of color layers 13 that extend onto data line 12, and extends
further toward centers of color layers 13 beyond portions
thereof which correspond to the edges of data line 12. The
width or distance by which black matrix 16 extends over the
portions of color layers 13 will be described later on. Black
matrix 16 is made of a material having a light shielding
capability. In the present embodiment, black matrix 16 may
be electrically conductive. However, if black matrix 16 is
electrically conductive, then it makes data lines 12 electri-
cally larger in width, possibly tending to adversely affect the
electric characteristics of the liquid crystal display device.
Therefore, black matrix 16 should preferably be made of an
electrically insulating material such as a resin with a fine
powder of carbon black dispersed therein, for example.

[0032] Transparent overcoat layer 14 is disposed in
smoothly covering relation to the upper surface of color
layers 13 and the upper surface of black matrix 16. Trans-
parent pixel electrodes 15 associated with respective pixels
are disposed on the upper surface of overcoat layer 14. Pixel
electrodes 15 are arranged in a matrix form on overcoat layer
14, and made of ITO (indium-tin oxide), for example. Each
of data lines 12 is disposed in alignment with the gap
between two adjacent pixel electrodes 15.

[0033] TFT substrate 10 also supports thereon gate lines,
not shown, and TFTs, not shown, associated with the respec-
tive pixels. The TFTs are supplied with data signals from
data lines 12. The active matrix liquid crystal display device
also has a pair of polarizers, not shown, and a phase
difference compensation plate, not shown, as well known to
those skilled in the art.

[0034] Opposing substrate 20, which is identical to the
opposing substrate shown in FIG. 1, has transparent glass
substrate 21 and transparent common electrode 22 of ITO,
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for example, disposed on transparent glass substrate 21. TEFT
substrate 10 and opposing substrate 20 are spaced a given
distance from each other with pixel electrodes 15 and
common electrode 22 confronting each other. A liquid
crystal layer 30 is sealed between TFT substrate 10 and
opposing substrate 20.

[0035] The transverse dimension or width of black matrix
16 will be described below. The transverse direction of black
matrix 16 is a horizontal direction in FIG. 3. Black matrix
16 blocks light passing through light leakage region A in the
gap between pixel electrodes 15, thereby increasing the
contrast as viewed in an oblique direction and hence increas-
ing a viewing angle. Light applied in an oblique direction
and passing through a normal region other than light leakage
region A is considerably reduced when it passes through the
normal region when a voltage is applied to the pixel elec-
trodes 15 in a normally white mode to display a black image.
Therefore, such light is not considered as having a signifi-
cant effect on a reduction in the contrast. The width of black
matrix 16 may thus be determined depending on how large
an angular range of light applied in an oblique direction and
passing through only light leakage region A may be. Spe-
cifically, the width of black matrix 16 may be determined
such that a light path C which is inclined to the normal to
glass substrate 21 by 6 and passes through an end of light
leakage region A near overcoat layer 14 touches an end of
black matrix 16, with a desired viewing angle being repre-
sented by 26. If the width of black matrix 16 is thus
determined, then light that passes through light leakage
region A without being blocked by data line 12 is blocked by
black matrix 16, as indicated by the arrow D in FIG. 3.

[0036] Specifically, the position of light leakage region A
is determined based on the thickness Dy . of liquid crystal
layer 30, the thickness D of overcoat layer 14, electrical
properties of liquid crystal layer 30, spaced intervals and
layout of pixel electrodes 15, and optical properties such as
refractive indexes of the various layers, and the width of
black matrix 16 may be determined to obtain a desired
viewing angle based on the determined position of light
leakage region A.

[0037] The width of black matrix 16 can be determined in
this manner according to a known simulation technique.
However, since there are many factors involved in deter-
mining the width of black matrix 16, a large amount of
calculations is required to determine an optimum width for
black matrix 16. The inventor of the present invention has
conducted experiments and found a simpler process of
determining the dimension of black matrix 16. This simpler
process of determining the dimension of black matrix 16
will be described below.

[0038] With aliquid crystal display device that is presently
manufactured, each of the thickness D of liquid crystal
layer 30, the gap between adjacent pixel electrodes 15, and
the thickness Dgc of overcoat layer 14 on black matrix 16
is considered to be in the range from several micrometers to
ten and several micrometers. When such a liquid crystal
display device is used in a normally white mode and a black
image is displayed on each of adjacent pixels positioned
across data line 12, i.e., black matrix 16, light leakage region
As created by a lateral electric field produced between pixel
electrodes 15 or a reduction in a vertical electric field in a
region between pixel electrodes 15. Light leakage region A
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is not limited to a region corresponding to the gap between
pixel electrodes 185, but extends somewhat from the edges of
pixel electrodes 15 toward the centers of pixel electrodes 15.
In the arrangement shown in FIG. 3, since black matrix 16
is disposed below pixel electrodes 15 with overcoat layer 14
interposed therebetween, the width of black matrix 16 needs
to be larger than the gap between pixel electrodes 15. Black
matrix 16 overlaps pixel electrodes 15 by distances or
widths W.

[0039] The lateral electric field in liquid crystal layer 30
obviously varies depending on whether a voltage is applied
to each pixel electrode 15 according to a dot inversion
driving process or a gate line inversion driving process. The
inventor has studied the above presently manufactured lig-
uid crystal display device in view of the above different
drive processes, and has found that, with the viewing angle
being represented by 20, the width W of the overlapping
regions may be determined to meet the following condition:

[0040] W=2d, /2+dtand for the dot inversion driving
process; and

[0041] W=Zd,;/4+d,tand for the gate line inversion
driving process.

[0042] The viewing angle referred to above is an angle in
which the ratio of contrast between white and black display
images is 10% or higher. This definition of the viewing angle
will also be used hereinbelow.

[0043] Tt is preferable to reduce the width W while satis-
fying the above expressions because an unduly increase in
the width W results in a reduction in the aperture ratio.

[0044] Table 2 given below shows the relationship
between the viewing angle 26 in which the ratio of contrast
between white and black display images is 10% or higher
and the width W of overlapping regions of liquid crystal
display panels of 9.4" UXGA (the pixel pitch of 120 um)
with phase difference compensation plates, where the thick-
ness Dy of liquid crystal layer 30 is 4.5 um, the gap
between adjacent pixel electrodes 15 is 6 um, and the
thickness Do of overcoat layer 14 on black matrix 16
ranges from 0.5 to 30 um, and a voltage is applied according
to the dot inversion driving process. It can be understood
from Table 2 that good display characteristics and viewing
angle characteristics can be obtained by determining the
width W to satisfy the above formulae.

TABLE 2

Overcoat layer Overlapping Viewing angle

thickness do  region width W 20 Aperture ratio

2 um 2 ym 85 degrees 50%

3 um 90 degrees 45%

4 um 100 degrees 40%

1 um 2 ym 100 degrees 50%

3 um 110 degrees 45%

4 um 120 degrees 40%

0.5 um 2 ym 110 degrees 50%

3 um 120 degrees 45%

4 um 120 degrees 40%

[0045] A review of Table 2 indicates that it is necessary to
set the thickness of the overcoat layer on the black matrix to
1 um or less in order to obtain good viewing angle charac-
teristics represented by a horizontal viewing angle of 110
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degrees or greater without reducing the aperture ratio from
45 to 50%. The horizontal viewing angle of 110 degrees or
greater is based on the performance of the phase difference
compensation plate.

[0046] Unless steps ranging from 1 to 2 um on the black
matrix are planarized, the directors of the liquid crystal are
disturbed, causing an orientation failure. In view of this, the
overcoat layer needs to be thin and the black matrix needs
to be planarized by reducing maximum steps to 0.5 um or
less. Experimentation conducted by the inventor has shown
that steps of the black matrix can be planarized and the
thickness of the overcoat layer on the black matrix can be
reduced to 1 um or less by spin-coating an acrylic resin
(PC405, PC415 manufactured by JSR) having a viscosity in
the range from 5 to 15 mPa.s (5 to 15 ¢P) at the time of
coating, as the overcoat layer.

[0047] In the present embodiment, a black matrix is newly
deposited on the color layers. However, adjacent color layers
may be arranged in overlapping relation to provide a func-
tion equivalent to a black matrix.

[0048] FIG. 4 shows an active matrix liquid crystal dis-
play device according to a second embodiment of the
present invention. The liquid crystal display device shown in
FIG. 4 is similar to, but differs from, the liquid crystal
display device shown in FIG. 3 in that black matrix 16 is
disposed on the surface of the overcoat layer 14 closer to
liquid crystal layer 30, but not on the surface of the overcoat
layer 14 closer to data lines 12. Those parts of the liquid
crystal display device shown in FIG. 4 which are identical
to those of the liquid crystal display device shown in FIG.
3 are denoted by identical reference numerals.

[0049] In the liquid crystal display device shown in FIG.
4, black matrix 16 is disposed above data lines 12. Pixel
electrodes 15 have edges covering black matrix 16. Since
black matrix 16 is held in contact with a plurality of pixel
electrodes 15, black matrix 16 needs to be made of an
electrically insulating material. If black matrix 16 is made of
a material having a high dielectric constant, then it can
lessen the lateral electric field between pixel electrodes 15 in
liquid crystal layer 30, allowing light leakage region A to be
reduced in width.

[0050] With the liquid crystal display device shown in
FIG. 4, the width of black matrix 16 may be determined
depending on how large an angular range of light applied in
an oblique direction and passing through only light leakage
region A may be. Specifically, the position of light leakage
region A is determined based on the thickness Dy . of liquid
crystal layer 30, electrical properties of liquid crystal layer
30, spaced intervals and layout of pixel electrodes 15, and
optical properties such as refractive indexes of the various
layers, and the width of black matrix 16 may be determined
to obtain a desired viewing angle based on the determined
position of light leakage region A. According to a simpler
process of determining the width of black matrix 16, which
has been found by the present inventor, the thickness of the
pixel electrodes is ignored, and the width W of the overlap-
ping regions of pixel electrodes 15 and black matrix 16 is
determined to meet the following condition:

[0051]
and

Wzd, /2 for the dot inversion driving process;

[0052] W=d, /4 for the gate line inversion driving pro-
cess.
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[0053] In the liquid crystal display device shown in FIG.
4, the width W can be smaller than the width W in the liquid
crystal display device shown in FIG. 3, and the aperture
ratio in FIG. 4 can be larger than the aperture ratio in the
liquid crystal display device shown in FIG. 3.

[0054] FIG. 5 shows an active matrix liquid crystal dis-
play device according to a third embodiment of the present
invention. The liquid crystal display device shown in FIG.
5 is similar to, but differs from, the liquid crystal display
device shown in FIG. 4 in that black matrix 16 disposed on
overcoat layer 14 extends over edges of pixel electrodes 15.
Those parts of the liquid crystal display device shown in
FIG. 5 which are identical to those of the liquid crystal
display device shown in FIG. 4 are denoted by identical
reference numerals.

[0055] With the active matrix liquid crystal display device
shown in FIG. 5, as with the liquid crystal display device
shown in FIG. 3, the width of black matrix 16 may be
determined depending on how large an angular range of light
applied in an oblique direction and passing through only
light leakage region A may be. Specifically, the position of
light leakage region A is determined based on the thickness
D of liquid crystal layer 30, electrical properties of liquid
crystal layer 30, spaced intervals and layout of pixel elec-
trodes 15, and optical properties such as refractive indexes
of the various layers, and the width of black matrix 16 may
be determined to obtain a desired viewing angle based on the
determined position of light leakage region A. According to
a simpler process of determining the width of black matrix
16, which has been found by the present inventor, the
thickness of the pixel electrodes is ignored, and the width W
of the overlapping regions of pixel electrodes 15 and black
matrix 16 is determined to meet the following condition:

[0056]

and
[0057]

CESS.

[0058] In the liquid crystal display device shown in FIG.
5, the width W can further be reduced, and the aperture ratio
can further be increased.

[0059] FIG. 6 shows an active matrix liquid crystal dis-
play device according to a fourth embodiment of the present
invention. The liquid crystal display device shown in FIG.
6 differs from the liquid crystal display device shown in
FIG. 3 in that it has no overcoat layer. Pixel electrodes 15
are disposed directly on color layers 13, and have edges
covering black matrix 16. Black matrix 16 is made of an
electrically insulating material having a high dielectric con-
stant. Those parts of the liquid crystal display device shown
in FIG. 6 which are identical to those of the liquid crystal
display device shown in FIG. 3 are denoted by identical
reference numerals.

[0060] An overcoat layer would be used to lessen the
lateral electric field applied to liquid crystal layer 30. If
black matrix 16 is made of a material having a high
dielectric constant, then black matrix 16 itself is effective to
lessen the lateral electric field between pixel electrodes 15 in
liquid crystal layer 30, make it possible to dispense with
such an overcoat layer.

W=2d, /2 for the dot inversion driving process;

W=d, /4 for the gate line inversion driving pro-

[0061] With the liquid crystal display device shown in
FIG. 6, as with the liquid crystal display device shown in
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FIG. 3, the width of black matrix 16 may be determined
depending on how large an angular range of light applied in
an oblique direction and passing through only light leakage
region A may be. Specifically, the position of light leakage
region A is determined based on the thickness Dy . of liquid
crystal layer 30, electrical properties of liquid crystal layer
30, spaced intervals and layout of pixel electrodes 15, and
optical properties such as refractive indexes of the various
layers, and the width of black matrix 16 may be determined
to obtain a desired viewing angle based on the determined
position of light leakage region A. According to a simpler
process of determining the width of black matrix 16, which
has been found by the present inventor, the thickness of the
pixel electrodes is ignored, and the width W of the overlap-
ping regions of pixel electrodes 15 and black matrix 16 is
determined to meet the following condition:

[0062]
and

[0063]

CCSS.

[0064] In the liquid crystal display device shown in FIG.
6, inasmuch no overcoat layer is provided, the width W can
be smaller than the width W in the liquid crystal display
device shown in FIG. 3, and the aperture ratio can be larger

than the aperture ratio in the liquid crystal display device
shown in FIG. 3.

[0065] While preferred embodiments of the present inven-
tion have been described using specific terms, such descrip-
tion is for illustrative purposes only, and it is to be under-
stood that changes and variations may be made without
departing from the spirit or scope of the following claims.

W=d, /2 for the dot inversion driving process;

W=2d, /4 for the gate line inversion driving pro-

What is claimed is:
1. An active matrix liquid crystal display device compris-

ing:
a first substrate:

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of pixel electrodes arranged in a matrix on said
first substrate;

a plurality of switching elements disposed on said first
substrate in association with said pixel electrodes,
respectively, for driving the pixel electrodes, respec-
tively;

a plurality of data lines disposed on said first substrate at
respective gaps between adjacent two of said pixel
electrodes, for supplying data signals to said switching
clements; and

a black matrix disposed on said first substrate in associa-
tion with said data lines, for blocking light passing in
a predetermined viewing angle range through a light
leakage region created in said liquid crystal layer
depending on a potential difference between adjacent
two of said pixel electrodes.
2. An active matrix liquid crystal display device according
to claim 1, further comprising color layers disposed on said
first substrate, said color layers constituting color filters.
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3. An active matrix liquid crystal display device according
to claim 2, wherein said black matrix is made of an elec-
trically insulating material, and said switching elements
comprise thin-film transistors.

4. An active matrix liquid crystal display device compris-

ing:
a first substrate:

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

an overcoat layer disposed on said first substrate in
covering relation to said first substrate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer;

a plurality of switching elements disposed on said first
substrate in association with said pixel electrodes,
respectively, for driving the pixel electrodes, respec-
tively;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements, said
data lines being covered with said overcoat layer; and

ablack matrix disposed on a surface of said overcoat layer
close to said first substrate over said data lines;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix being arranged to block light passing in
a predetermined viewing angle range through a light
leakage region created in said liquid crystal layer
depending on a potential difference between adjacent
two of said pixel electrodes.

5. An active matrix liquid crystal display device according
to claim 4, further comprising color layers disposed on said
first substrate, said color layers constituting color filters.

6. An active matrix liquid crystal display device according
to claim 5, wherein said black matrix 1s made of an elec-
trically insulating material, and said switching elements
comprise thin-film transistors.

7. An active matrix liquid crystal display device driven by
a dot inversion driving process, said active matrix liquid
crystal display device comprising:

a first substrate with a plurality of switching elements

disposed thereon;

a second substrate disposed in opposing relation to said
first substrate; a liquid crystal layer sandwiched
between said first substrate and said second substrate;

aplurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
Strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said data lines;

said pixel electrodes being driven by said switching
elements, respectively;
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said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix having a portion overlapping said pixel
electrodes, said portion having a width W represented
by:

W2d; o/2+Dgtand

where d;  represents a thickness of said liquid crystal
layer, D represents a thickness of said overcoat layer
on said black matrix, and 0 represents one-half of a
given viewing angle 26.

8. An active matrix liquid crystal display device according
to claim 7, wherein the thickness D of said overcoat layer
on said black matrix is at most 1 gm, and said overcoat layer
planarizes steps of said black matrix to at most 0.5 ym.

9. An active matrix liquid crystal display device driven by
a gate line inversion driving process, said active matrix
liquid crystal display device comprising:

a first substrate with a plurality of switching elements
disposed thereon;

a second substrate disposed in opposing relation to said
first substrate; a liquid crystal layer sandwiched
between said first substrate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix having a portion overlapping said pixel
electrodes, said portion having a width W represented
by:
W2d, /4+dytand

where d;  represents a thickness of said liquid crystal
layer, D represents a thickness of said overcoat layer
on said black matrix, and 6 represents one-half of a
given viewing angle 20.

10. An active matrix liquid crystal display device accord-
ing to claim 9, wherein the thickness D of said overcoat
layer on said black matrix is at most 1 gm, and said overcoat
layer planarizes steps of said black matrix to at most 0.5 um.

11. An active matrix liquid crystal display device com-
prising:

a first substrate with a plurality of switching elements
disposed thereon,

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;
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an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix being disposed in a position above said
data lines and arranged to block light passing in a
predetermined viewing angle range through a light
leakage region created in said liquid crystal layer
depending on a potential difference between adjacent
two of said pixel electrodes.

12. An active matrix liquid crystal display device accord-
ing to claim 11, further comprising color layers disposed on
said first substrate, said color layers constituting color filters.

13. An active matrix liquid crystal display device accord-
ing to claim 12, wherein said black matrix is made of an
electrically insulating material, and said switching elements
comprise thin-film transistors.

14. An active matrix liquid crystal display device driven
by a dot inversion driving process, said active matrix liquid
crystal display device comprising:

a first substrate with a plurality of switching elements
disposed thereon;

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

aplurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
Strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said overcoat layer above said
data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said pixel electrodes having a portion extending over said
black matrix, said portion having a width W repre-
sented by:

W2d, /2
where d; - represents a thickness of said liquid crystal

layer.

15. An active matrix liquid crystal display device driven
by a gate line inversion driving process, said active matrix
liquid crystal display device comprising:
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a first substrate with a plurality of switching elements
disposed thereon,

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said overcoat layer lines above
said data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said pixel electrodes having a portion extending over said
black matrix, said portion having a width W repre-
sented by:

W=d, J4

where d; ~ represents a thickness of said liquid crystal
layer.
16. An active matrix liquid crystal display device driven
by a dot inversion driving process, said active matrix liquid
crystal display device comprising:

a first substrate with a plurality of switching elements
disposed thereon;

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said overcoat layer above said
data lines,

said pixel electrodes being driven by said switching
elements, respectively;,

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix having a portion extending over said
pixel electrodes, said portion having a width W repre-
sented by:
W2d, o2

where d; o represents a thickness of said liquid crystal
layer.



US 2004/0150763 Al

17. An active matrix liquid crystal display device driven
by a gate line inversion driving process, said active matrix
liquid crystal display device comprising:

a first substrate with a plurality of switching elements
disposed thereon;

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

an overcoat layer disposed on said first substrate in
covering relation to said data lines and said first sub-
Strate;

a plurality of pixel electrodes arranged in a matrix on said
overcoat layer; and

a black matrix disposed on said overcoat layer above said
data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix having a portion extending over said
pixel electrodes, said portion having a width W repre-
sented by:

W2d, /4

where d; . represents a thickness of said liquid crystal
layer.
18. An active matrix liquid crystal display device com-
prising:

a first substrate with a plurality of switching elements
disposed thereon;

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

aplurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

color layers of color filters disposed in at least regions of
said first substrate which are free of said data lines;

a plurality of pixel electrodes disposed on said color
layers and arranged in a matrix; and

a black matrix of an electrically insulating material dis-
posed on said data lines,

said pixel electrodes being driven by said switching
elements, respectively,

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said black matrix being arranged to block light passing in
a predetermined viewing angle range through a light
leakage region created in said liquid crystal layer
depending on a potential difference between adjacent
two of said pixel electrodes.
19. An active matrix liquid crystal display device driven
by a dot inversion driving process, said active matrix liquid
crystal display device comprising:
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a first substrate with a plurality of switching elements
disposed thereon;

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

color layers of color filters disposed in at least regions of
said first substrate which are free of said data lines;

a plurality of pixel electrodes disposed on said color
layers and arranged in a matrix; and

a black matrix of an electrically insulating material dis-
posed on said data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said pixel electrodes having a portion extending over said
black matrix, said portion having a width W repre-
sented by:

w2d, 2

where d; . represents a thickness of said liquid crystal
layer.

20. An active matrix liquid crystal display device driven

by a gate line inversion driving process, said active matrix
liquid crystal display device comprising:

a first substrate with a plurality of switching elements
disposed thereon,

a second substrate disposed in opposing relation to said
first substrate;

a liquid crystal layer sandwiched between said first sub-
strate and said second substrate;

a plurality of data lines disposed on said first substrate, for
supplying data signals to said switching elements;

color layers of color filters disposed in at least regions of
said first substrate which are free of said data lines;

a plurality of pixel electrodes disposed on said color
layers and arranged in a matrix; and

a black matrix of an electrically insulating material dis-
posed on said data lines;

said pixel electrodes being driven by said switching
elements, respectively;

said data lines being disposed at respective gaps between
adjacent two of said pixel electrodes;

said pixel electrodes having a portion extending over said
black matrix, said portion having a width W repre-
sented by:

W2d, /4

where D; . represents a thickness of said liquid crystal
layer.
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