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7) ABSTRACT

An active matrix-type liquid crystal display device is pro-
vided with a black matrix which prevents light leakage
between pixels, wherein the apertures in the black matrix in
panel peripheral regions are made smaller than the apertures
in the black matrix in the panel center region. Consequently,
the occurrence of light leakage due to alignment anomalies
arising from the horizontal-direction electric field between
the signal lines and scanning lines and the pixel electrodes
can be suppressed, and display quality can be enhanced
without detracting from manufacturing efficiency or yield
and without reducing the brightness of the liquid crystal
display device, so that this invention affords excellent
advantages.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention relates to a liquid crystal display
device which displays images using liquid crystals as an
optical shutter.

[0003] 2. Description of the Related Art

[0004] Active matrix-type liquid crystal display devices
which adopt the twisted nematic display method (hereafter
called the “TN display method”) are well known. A liquid
crystal display device adopting this method has a configu-
ration in which two transparent electrodes driving the liquid
crystals are arranged in mutual opposition on a substrate
surface. In this configuration, alignment films are deposited
covering the wiring formed on the active matrix substrate
and opposing substrate, and rubbing processing is performed
such that the alignment directions of the films are orthogo-
nal. When the active matrix substrate uses TFTs as the active
clements, it is sometimes called a TFT substrate. Because
the opposing substrate normally comprises a color filter, it is
sometimes called a color filter substrate. Then, these two
substrates are bonded together with an adhesive called a
sealing agent, and after injection of the liquid crystals, the
injection aperture is sealed with resin. The liquid crystal
molecules are tilted forward slightly in the rubbing direc-
tion—that is, they are inclined so as to face upward in the
rubbing direction and downward in the opposite direction
(this is called a pretilt), aligned along the active matrix
substrate and along the opposing substrate.

[0005] In a liquid crystal display device with such a
configuration, there are such problems as display uneven-
ness and reduced contrast arising from light leakage due to
alignment defects such as reverse tilt, occurring in regions
where the horizontal-direction electric field between wiring
and pixel electrodes opposes the above-described pretilt of
the liquid crystal molecules.

[0006] An effective means of resolving such problems is
to use the color filter pixel black matrix to block light
leakage caused by reverse tilt and other alignment irregu-
larities.

[0007] However, in peripheral parts of the panel display
area, impurities separating from the sealing agent impede the
alignment of liquid crystals, and so there has been the
problem that the area where the alignment defects are
occurred due to reverse tilt or similar is much larger than
near the center of the display area.

SUMMARY OF THE INVENTION

[0008] In view of the foregoing, it is an object of the
present invention to provide a liquid crystal display device
in which the occurrence of light leakage due to alignment
anomalies arising from the horizontal-direction electric field
between the signal lines and scanning lines and the pixel
electrodes can be suppressed, and display quality can be
enhanced without detracting from manufacturing efficiency
or yield and without reducing the brightness of the liquid
crystal display device.

[0009] Tt is another object of the present invention to
provide a liquid display device in which the reduction of the
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brightness of the liquid display device in panel peripheral
region is not noticed by an observer.

[0010] According to one aspect of the present invention,
for achieving the above-mentioned objects, there is provided
an active matrix-type liquid crystal display device, having a
black matrix which prevents light leakage between pixels,
wherein the apertures in the black matrix in panel peripheral
regions are made smaller than the apertures in the black
matrix in the panel center region.

[0011] According to another object of the present inven-
tion, there is provided a liquid crystal display device,
wherein the apertures in the black matrix in the peripheral
regions of the panel are made smaller in stages as moving
away from the center region.

[0012] Consequently, the liquid crystal display devices of
the aspects of this invention are in which, by increasing the
pixel black matrix width on the opposing color filter sub-
strate in the panel peripheral regions compared with the
panel center region, the occurrence of light leakage due to
alignment anomalies arising from the horizontal-direction
electric field between the signal lines and scanning lines and
the pixel electrodes can be suppressed, and display quality
can be enhanced without detracting from manufacturing
efficiency or yield and without reducing the brightness of the
liquid crystal display device, so that this invention affords
excellent advantages.

[0013] The above and further objects and novel features of
the invention will more fully appear from the following
detailed description when the same is read in connection
with the accompanying drawings. It is to be expressly
understood, however, that the drawings are for purpose of
illustration only and are not intended as a definition of the
limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a diagram showing a color filter black
matrix of a liquid erystal display device in accordance with
the present invention.

[0015] FIG. 2 is a diagram showing a color filter black
matrix of a liquid erystal display device in accordance with
the present invention.

[0016] FIG. 3 is a diagram showing a color filter black
matrix of a liquid erystal display device in accordance with
the present invention.

[0017] FIG. 4 is a diagram showing a color filter black
matrix of a liquid erystal display device in accordance with
the present invention.

[0018] FIG. 5 is a diagram showing a color filter black
matrix of a liquid erystal display device in accordance with
the present invention.

[0019] FIG. 6 is a diagram showing a color filter black
matrix of a liquid erystal display device in accordance with
the other example than the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] A preferred embodiment of the invention will now
be described in detail, referring to the accompanying draw-
ings.
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[0021] Initially, the circumstances leading up to the con-
ception of this invention are explained.

[0022] As stated above, in conventional liquid crystal
display devices, impurities separated from the sealing agent
at the periphery of the panel display arca impede the
alignment of the liquid crystals, and the area where the
reverse tilt and other alignment defects are occurred, is large
compared with the center of the display area.

[0023] This problem is further explained using FIG. 6.
FIG. 6 shows a pixel 103 near the center of the display area
102 of the liquid crystal display device 101, a pixel 106 near
a display area border, and a pixel 111 at the display area
border. The black matrix 104, 107, 112 of color filter pixels
is designed in a size which blocks light leakage due to
reverse tilt and other alignment defects occurring near the
center of the display area, and is designed at the same size
near the center and at the periphery of the display area.

[0024] After forming alignment films on the color filter
substrate and the TFT substrate using a transfer method, the
alignment film surfaces are subjected to rubbing, the two
substrates are bonded together, and liquid crystals are
injected to obtain a liquid crystal panel. These use publicly
known manufacturing methods such as those disclosed in for
example Japanese Patent Laid-open No. H10-325951, and
so a detailed explanation is omitted.

[0025] At the pixel 103 near the center of the display area,
there is no occurrence of problems with display unevenness
or reduced contrast arising from light leakage due to reverse
tilt and other alignment defects; but at the pixel 106 near a
display area border, and at the pixel 111 at a display area
border, there is the problem that light leakage 110 occurs due
to reverse tilt and other alignment defects, so that display
unevenness and reduced contrast result.

[0026] One conceivable means of resolving such problems
is the method of increasing the black matrix over the entire
panel display area, such that light leakage due to alignment
irregularities on the periphery of the panel display area is
completely blocked.

[0027] However, the method of increasing the black
matrix so as to completely block light leakage due to
alignment defects in the panel display area peripheral
regions has the following problems. If a method is adopted
in which the black matrix is increased so as to completely
block light leakage due to alignment defects in the panel
display area peripheral regions, there is the possibility that
the problem of display unevenness and reduced contrast due
to light leakage caused by reverse tilt and other light leakage
can be alleviated. However, in this method the pixel aperture
is small, there is the problem that panel transmissivity is
reduced, and display by the liquid crystal display device
becomes dark.

[0028] Hence the inventor of this invention focused on the
fact that impurities separating from the sealing agent impede
the alignment of liquid crystals in the peripheral regions of
the panel display area, and that the area of occurrence of
reverse tilt and other alignment defects is larger than at the
center of the display area, and studied methods to, in
essence, increase only the black matrix in the peripheral
regions of the display area, compared with the center area.
Moreover, methods were also studied for increasing in steps
the black matrix of color filter pixels only near the panel
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display peripheral regions, toward the panel area borders.
The following results were obtained, and are explained
below.

[0029] As a result of detailed studies of the circumstances
of occurrence of reverse tilt and other alignment defects, the
following four facts were identified.

[0030] (1) Fact1

[0031] The region within which the area of occurrence of
reverse tilt and other alignment defects is larger than near the
center of the display area is limited to within 30 mm from
the peripheral regions of the display area.

[0032] (2) Fact2

[0033] The area of occurrence of reverse tilt and other
alignment defects in the display area peripheral regions is, at
maximum, 5 gm larger than near the center of the display
area.

[0034]

[0035] The area of occurrence of reverse tilt and other
alignment defects is greatest in the display area peripheral
regions, becomes smaller in steps from this region, and is
essentially the same from 30 mm from the display area
periphery to the display area center.

[0036] (4) Fact 4

[0037] The larger area of occurrence of reverse tilt and
other alignment defects in the display area peripheral
regions compared with near the display area center is limited
to one particular edge out of the four pixel edges, or to two
particular adjacent edges.

[0038] Based on these facts 1 through 4, methods for
increasing the black matrix size in the display area periph-
eral regions were studied. When expanding the black matrix
width, due to constraints imposed by mask fabrication
technology, the minimum increase is 0.1 gm.

[0039]

[0040] Below, an embodiment 1 of the invention is
explained using FIG. 1.

[0041] In FIG. 1, similarly to FIG. 6, a pixel 3 near the
center of the display area 2 of the liquid crystal display
device 1, a pixel 6 in the display area near a border, and a
pixel 11 at a display area border are shown. In FIG. 1, the
arrow 24 is the rubbing direction.

[0042] As a result of advance evaluations of reverse tilt
and other alignment defects in the display area center region
and display area peripheral regions of this liquid crystal
display device 1, within 30 mm of the pixel display area
periphery, an enlargement was observed in the area of
occurrence of reverse tilt and other alignment defects, com-
pared with the display area center, along the left edges and
top edges of pixels. The enlargement of the width of the
alignment defect area grew larger in stages in moving from
30 mm from the pixel display area periphery toward the
display area periphery, and was greatest in the display area
border pixels, measuring 4 wm at the pixel left edges and 5
um at the pixel top edges compared with the display area
center region. In this embodiment, an epoxy resin is used as
the sealing agent. This sealing agent contains silicon in order

(3) Fact 3

Embodiment 1.
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to enhance shock resistance. It is studied that alignment
defects are caused by dissolution of silicon into the liquid
crystals.

[0043] Below, FIG. 2 and FIG. 3 are used to explain the
reason for the occurrence of alignment defects only at the
left and top edges of pixels. In FIG. 2, reference numerals
212 and 213 are liquid crystal molecules, reference numeral
22 are pixel electrodes, and reference numeral 23 is a source
electrode. Due to rubbing processing, a pretilt occurs in the
liquid crystal molecules 212, 213, as shown in the figure.
When the liquid crystal display panel is driven and a voltage
is applied to the source electrode 23, an electric field, like
that shown by the arrow in the figure, occurs between the
source electrode 23 and the pixel electrodes 22. This electric
field affects the alignment of the liquid crystal molecules
212, 213. In the case of the liquid crystal molecule 213,
because the electric field acts to impart an inclination in the
same direction as the inclination due to rubbing, no problem
in particular arises. But in the case of the liquid crystal
molecule 212, an electric field occurs which imparts an
inclination in the direction opposite the inclination due to
rubbing, and so acts to tilt the inclination due to rubbing in
the opposite direction. That is, the reverse tilt phenomenon
is caused. Hence the reverse tilt phenomenon occurs in the
display area in proximity to the source electrode on the side
opposite the direction of the inclination due to rubbing, and
light leakage readily occurs.

[0044] FIG. 3 is a diagram seen from above a pixel. In the
drawing, reference numerals 231 and 232 are source elec-
trodes; reference numerals 241 and 242 are gate clectrodes;
and reference numerals 251 and 252 are common auxiliary
capacitance electrodes. Reference numeral 26 shows the
rubbing direction. In a liquid crystal display panel with such
a configuration, an electric field occurs between the pixel
electrode 22 and the source electrodes 231, 232; between the
pixel electrode 22 and the gate electrodes 241, 242; and
between the pixel electrode 22 and the common auxiliary
capacitance electrodes 251, 252. As shown in the drawing,
the liquid crystal molecules 211, 212, 213, 214 are cach
aligned in the rubbing direction 26.

[0045] The liquid crystal molecule 212, positioned near
the source electrode 231 on the side opposite the direction of
inclination of liquid crystal molecules due to rubbing, is
affected by the electric field between this source electrode
231 and the pixel electrode 22, and readily undergoes the
reverse tilt phenomenon. The liquid crystal molecule 211,
positioned near the gate electrode 241 and the common
auxiliary capacitance electrode 251 on the side opposite the
direction of inclination of liquid crystals due to rubbing, is
affected by the electric field between this gate electrode 241
and the pixel electrode 22 and by the electric field between
the common auxiliary capacitance electrode 251 and the
pixel electrode 22, and readily undergoes the reverse tilt
phenomenon. On the other hand, the liquid crystal molecules
213 and 214 do not readily undergo the reverse tilt phenom-
enon.

[0046] Thus reverse tilt occurs readily in liquid crystal
molecules in proximity to electrodes on the opposite side
from the direction of inclination of liquid crystal molecules
due to rubbing; and in the panel peripheral regions in
particular, alignment is weakened due to the effect of impu-
rities separated from the sealing agent, so that reverse tilt
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occurs more readily. For this reason, it is studied, in this
aspect light leakage due to reverse tilt occurs in the areas at
the left edge and top edge of the pixel.

[0047] Based on the above results, the size of the pixel
black matrix in the color filter was enlarged in the left and
top edges of pixels within 30 mm of the periphery of the
display area, and the aperture was narrowed. In the figures,
the parts denoted by 9 are parts with size enlarged. Enlarge-
ment of the pixel black matrix of the color filter was 4 yum
at the pixel left edge and 5 um at the pixel top edge at the
borders of the display area; from this, the black matrix
enlargement width was decreased in steps, and the black
matrix was not enlarged in pixels from 30 mm from the
display area periphery to the center region; the width was the
same as at the center of the display area. The enlargement
width was broadened in direct proportion to the distance
from the center.

[0048] After forming alignment films by the transfer
method on a color filter substrate having such a black matrix
and on a TFT substrate, the alignment film surfaces were
subjected to rubbing, and the two were bonded together and
liquid crystals were injected to obtain a liquid crystal panel.
Here widely known manufacturing methods were used, so a
detailed explanation is omitted.

[0049] Upon inputting driving signals to this panel and
performing observations with a microscope, no reverse tilt
or other alignment defects whatsoever due to the horizontal-
direction electric field between the source and gate signal
lines and the pixel electrodes were found within pixel
apertures, nor was any display unevenness at all recognized
in visual inspections. On measuring the brightness of the
liquid crystal display device, a reduction in brightness of 5%
was confirmed compared with a liquid crystal display device
in which the pixel black matrix was not modified in the
display area periphery; but over most of the display area,
brightness comparable to that of a liquid crystal display
device with no modification of the pixel black matrix was
maintained, and impressions of the display were found to be
virtually unchanged.

[0050]

[0051] An embodiment 2 of the invention is explained
using FIG. 4. The liquid crystal display device 1 of the
embodiment 2 has design specifications differing from those
of the above first aspect. FIG. 4 shows a pixel 3 near the
center of the display area 2 of the liquid crystal display
device 1, a pixel 6 near a display area border, and a pixel 11
at a display area border.

[0052] As a result of advance evaluations of reverse tilt
and other alignment defects in the center region and periph-
eral regions of the display area 2 of this liquid crystal display
device 1, within 25 mm of the pixel display area periphery,
an enlargement was observed, at the left edges of pixels, in
the area of reverse tilt and other alignment defects compared
with the display area center region. The enlargement of the
width of the alignment defect area grew larger in stages in
moving from 25 mm from the pixel display area periphery
toward the display area periphery, and was greatest in the
display area border pixels, at 5 um compared with the
display area center region.

[0053] Based on the above results, the size of the pixel
black matrix of the color filter was increased at pixel left

Embodiment 2.
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edges, and the aperture narrowed, in the region up to 25 mm
from the display area borders. The enlargement of the black
matrix at pixel left edges in the color filter was 5 um for
pixels at display area borders, and the black matrix enlarge-
ment width was reduced in stages moving from this, with no
black matrix enlargement at pixel left edges from 25 mm
from the display area borders to the center region, and the
same width used as at the display area center.

[0054] After thus forming alignment films on a color filter
substrate having a black matrix and on a TFT substrate using
a transfer method, rubbing of the alignment film surfaces
was performed, the two were bonded together, liquid crys-
tals were injected, and a liquid crystal panel was obtained.
These used widely-known manufacturing methods, and so a
detailed explanation is omitted.

[0055] Upon inputting driving signals to this panel and
performing observations with a microscope, no reverse tilt
or other alignment defects whatsoever due to the horizontal-
direction electric field between the source and gate signal
lines and the pixel electrodes were found within pixel
apertures, nor was any display unevenness at all recognized
in visual inspections. On measuring the brightness of the
liquid crystal display device, a reduction in brightness of 4%
or less was confirmed compared with a liquid crystal display
device in which the pixel black matrix was not modified in
the display area periphery, that is, having the same black
matrix width over the entire display area; but over most of
the display area, brightness comparable to that of a liquid
crystal display device with no modification of the pixel
black matrix was maintained, and impressions of the display
were found to be virtually unchanged.

[0056] Embodiment 3.

[0057] An embodiment 3 of the invention is explained
using FIG. 5. The liquid crystal display device 1 of the
embodiment 3 has design specifications differing from those
of the above embodiments 1 and 2. FIG. § shows a pixel 3
near the center of the display area 2 of the liquid crystal
display device 1, a pixel 6 near a display area border, and a
pixel 11 at a display area border.

[0058] As a result of advance evaluations of reverse tilt
and other alignment defects in the center region and periph-
eral regions of the display area of this liquid crystal display
device, within 28 mm of the pixel display area periphery, an
enlargement was observed, at the top edges of pixels, in the
area of reverse tilt and other alignment defects compared
with the display area center region. The enlargement of the
width of the alignment defect area grew larger in stages in
moving from 28 mm from the pixel display area periphery
toward the display area periphery, and was greatest in the
display area border pixels, at 5 um compared with the
display area center region.

[0059] Based on the above results, the size of the pixel
black matrix of the color filter was increased at pixel top
edges, and the aperture narrowed, in the region up to 28 mm
from the display area borders. The enlargement of the black
matrix at pixel top edges in the color filter was 5 um for
pixels at display area borders, and the black matrix enlarge-
ment width was reduced in stages moving from this, with no
black matrix enlargement at pixel left edges from 28 mm
from the display area borders to the center region, and the
same width used as at the display arca center.
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[0060] After thus forming alignment films on a color filter
substrate having a black matrix and on a TFT substrate using
a transfer method, rubbing of the alignment film surfaces
was performed, the two were bonded together, liquid crys-
tals were injected, and a liquid crystal panel was obtained.
These used widely-known manufacturing methods, and so a
detailed explanation is omitted.

[0061] Upon inputting driving signals to this panel and
performing observations with a microscope, no reverse tilt
or other alignment defects whatsoever due to the horizontal-
direction electric field between the source and gate signal
lines and the pixel electrodes were found within pixel
apertures, nor was any display unevenness at all recognized
in visual inspections. On measuring the brightness of the
liquid crystal display device, a reduction in brightness of 2%
or less was confirmed compared with a liquid crystal display
device in which the pixel black matrix was not modified in
the display area periphery; but over most of the display area,
brightness comparable to that of a liquid crystal display
device with no modification of the pixel black matrix was
maintained, and impressions of the display were found to be
virtually unchanged.

[0062]

[0063] The liquid crystal display device 1 of an embodi-
ment 4 has design specifications differing from those of the
above embodiments 1 through 3. As a result of advance
evaluations of reverse tilt and other alignment defects in the
center region and peripheral regions of the display area of
this liquid crystal display device, within 6 mm of the pixel
display area periphery, an enlargement was observed, at the
left and top edges of pixels, in the area of reverse tilt and
other alignment defects compared with the display area
center region. The enlargement of the width of the alignment
defect area grew larger in stages in moving from 6 mm from
the pixel display area periphery toward the display area
periphery, and was greatest in the display area border pixels,
at 1 um on pixel left edges and 0.8 um on pixel top edges,
compared with the display area center region.

[0064] Based on the above results, the size of the pixel
black matrix of the color filter was increased at pixel left
edges and top edges, and the aperture narrowed, in the
region up to 6 mm from the display area borders. The
enlargement of the black matrix at pixel top edges in the
color filter was 1 um for the left edges and 0.8 um for the top
edges of pixels at display area borders, and the black matrix
enlargement width was reduced in stages moving from this,
with no black matrix enlargement at pixel left edges from 6
mm from the display area borders to the center region, and
the same width used as at the display area center.

[0065] After thus forming alignment films on a color filter
substrate having a black matrix and on a TFT substrate using
a transfer method, rubbing of the alignment film surfaces
was performed, the two were bonded together, liquid crys-
tals were injected, and a liquid crystal panel was obtained.
These used widely-known manufacturing methods, and so a
detailed explanation is omitted.

[0066] Upon inputting driving signals to this panel and
performing observations with a microscope, no reverse tilt
or other alignment defects whatsoever due to the horizontal-
direction electric field between the source and gate signal
lines and the pixel electrodes were found within pixel

Embodiment 4.
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apertures, nor was any display unevenness at all recognized
in visual inspections. On measuring the brightness of the
liquid crystal display device, a reduction in brightness of 2%
or less was confirmed compared with a liquid crystal display
device in which the pixel black matrix was not modified in
the display area periphery; but over most of the display area,
brightness comparable to that of a liquid crystal display
device with no modification of the pixel black matrix was
maintained, and impressions of the display were found to be
virtually unchanged.

[0067] Embodiment 5.

[0068] As a result of advance evaluations of reverse tilt
and other alignment defects in the center region and periph-
eral regions of the display area in a liquid crystal display
device having design specifications differing from those of
the above embodiment 1 through 4, within 7 mm of the pixel
display area periphery, an enlargement was observed, at the
left edges of pixels, in the area of reverse tilt and other
alignment defects compared with the display area center
region. The enlargement of the width of the alignment defect
area grew larger in stages in moving from 7 mm from the
pixel display area periphery toward the display area periph-
ery, and was greatest in the display area border pixels, at 0.9
um, compared with the display area center region.

[0069] Based on the above results, the size of the pixel
black matrix of the color filter was increased at pixel left
edges, and the aperture narrowed, in the region up to 7 mm
from the display area borders. The enlargement of the black
matrix at pixel top edges in the color filter was 0.9 um for
pixels at display area borders, and the black matrix enlarge-
ment width was reduced in stages moving from this, with no
black matrix enlargement at pixel left edges from 7 mm from
the display area borders to the center region, and the same
width used as at the display area center.

[0070] After thus forming alignment films on a color filter
substrate having a black matrix and on a TFT substrate using
a transfer method, rubbing of the alignment film surfaces
was performed, the two were bonded together, liquid crys-
tals were injected, and a liquid crystal panel was obtained.
These used widely-known manufacturing methods, and so a
detailed explanation is omitted.

[0071] Upon inputting driving signals to this panel and
performing observations with a microscope, no reverse tilt
or other alignment defects whatsoever due to the horizontal-
direction electric field between the source and gate signal
lines and the pixel electrodes were found within pixel
apertures, nor was any display unevenness at all recognized
in visual inspections. On measuring the brightness of the
liquid crystal display device, a reduction in brightness of 1%
or less was confirmed compared with a liquid crystal display
device in which the pixel black matrix was not modified in
the display area periphery; but over most of the display area,
brightness comparable to that of a liquid crystal display
device with no modification of the pixel black matrix was
maintained, and impressions of the display were found to be
virtually unchanged.

[0072] Embodiment 6.

[0073] As a result of advance evaluations of reverse tilt
and other alignment defects in the center region and periph-
eral regions of the display area in a liquid crystal display
device having design specifications differing from those of
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the above embodiment 1 through 5, within 5 mm of the pixel
display area periphery, an enlargement was observed, at the
top edges of pixels, in the area of reverse tilt and other
alignment defects compared with the display area center
region. The enlargement of the width of the alignment defect
area grew larger in stages in moving from 5 mm from the
pixel display area periphery toward the display area periph-
ery, and was greatest in the display area border pixels, at 1.1
um, compared with the display area center region.

[0074] Based on the above results, the size of the pixel
black matrix of the color filter was increased at pixel top
edges, and the aperture narrowed, in the region up to 5 mm
from the display area borders. The enlargement of the black
matrix at pixel top edges in the color filter was 1.1 um for
pixels at display arca borders, and the black matrix enlarge-
ment width was reduced in stages moving from this, with no
black matrix enlargement at pixel top edges from 5 mm from
the display area borders to the center region, and the same
width used as at the display area center.

[0075] After thus forming alignment films on a color filter
substrate having a black matrix and on a TFT substrate using
a transfer method, rubbing of the alignment film surfaces
was performed, the two were bonded together, liquid crys-
tals were injected, and a liquid crystal panel was obtained.
These used widely-known manufacturing methods, and so a
detailed explanation is omitted.

[0076] Upon inputting driving signals to this panel and
performing observations with a microscope, no reverse tilt
or other alignment defects whatsoever due to the horizontal-
direction electric field between the source and gate signal
lines and the pixel electrodes were found within pixel
apertures, nor was any display unevenness at all recognized
in visual inspections. On measuring the brightness of the
liquid crystal display device, a reduction in brightness of
0.5% or less was confirmed compared with a liquid crystal
display device in which the pixel black matrix was not
modified in the display area periphery; but over most of the
display area, brightness comparable to that of a liquid crystal
display device with no modification of the pixel black matrix
was maintained, and impressions of the display were found
to be virtually unchanged.

[0077]

[0078] A liquid crystal display device was fabricated
which had the same design specifications as the liquid
crystal display device described in the above embodiment 1,
except that no enlargement whatsoever of the pixel black
matrix width in the color filter was performed in the display
area periphery; upon inputting driving signals and perform-
ing observations with a microscope, light leakage due to
alignment defects in the display area peripheral regions was
confirmed, and in visual inspections, bright defects were
recognized in the display area periphery, so that inspections
were failed.

[0079]

[0080] A liquid crystal display device 1 was fabricated
which had the same design specifications as the liquid
crystal display device described in the above embodiment 1,
except for enlargement by 4 um of the pixel left edges and
by 5 um of the pixel top edges of the black matrix of the
color filter over the entire display area; upon inputting
driving signals and performing observations with a micro-

First Comparison Example.

Second Comparison Example.
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scope, no light leakage whatsoever due to alignment defects
in the display area peripheral regions was confirmed, nor
was any display unevenness at all recognized in visual
inspections. However, on measuring the brightness of the
liquid crystal display device, a reduction in brightness of 5%
was confirmed compared with a liquid crystal display device
in which the pixel black matrix was not modified across the
entire panel, and the display gave the impression of being
dark.

[0081] From the embodiment 1 through 6, and from the
first and second comparison examples, it was found that
problems with display unevenness and reduced contrast
arising from light leakage due to reverse tilt and other
alignment defects could be easily resolved, and display
quality enhanced, by increasing the size of the pixel black
matrix in the color filter only in the panel display area
periphery, without detracting from manufacturing efficiency
or yield and without lowering the liquid crystal display
device brightness.

[0082] In the above examples, the width of the black
matrix in the peripheral regions of the liquid crystal panel
was increased, and this width was narrowed in stages in
moving toward the center; however, the present invention is
not limited to this, and if the width is greater in the
peripheral regions of the liquid crystal panel than at the
center, the width in the peripheral regions may be made
constant. In this case, it is desirable that the difference in the
width of the black matrix in the peripheral regions and in the
center be for example 1 p#m, and not be large. This is because
if the difference is large, the boundary between the periph-
eral regions and the center region will be clearly displayed.

[0083] As described above, the liquid crystal display
devices of the aspects of this invention are active-matrix
type liquid crystal display devices employing thin film
transistors as switching elements, in which, by increasing
the pixel black matrix width on the opposing color filter
substrate in the panel peripheral regions compared with the
panel center region, the occurrence of light leakage due to
alignment anomalies arising from the horizontal-direction
electric field between the signal lines and scanning lines and
the pixel electrodes can be suppressed, and display quality
can be enhanced without detracting from manufacturing
efficiency or yield and without reducing the brightness of the
liquid crystal display device, so that this invention affords
excellent advantages.

[0084] While preferred embodiments of the invention
have been described using specific terms, such description is
for illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the following claims.
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What is claimed is:

1. An active matrix-type liquid crystal display device,
having a black matrix which prevents light leakage between
pixels, wherein the apertures in the black matrix in panel
peripheral regions are made smaller than the apertures in the
black matrix in the panel center region.

2. The liquid erystal display device according to claim 1,
wherein the apertures in the black matrix in the peripheral
regions of said panel are made smaller in stages as moving
away from the center region.

3. The liquid erystal display device according to claim 2,
wherein the width of the black matrix in the peripheral
regions of said panel is broadened approximately in direct
proportion to the distance moved from the center.

4. The liquid crystal display device according to claim 1,
wherein the regions having a black matrix with apertures
smaller than the black matrix in the center region of said
panel are within 30 mm from the panel borders.

5. The liquid crystal display device according to claim 1,
wherein the difference between the width of the black matrix
in the regions having a black matrix with apertures smaller
than the apertures of the black matrix in the center region,
and the width of the black matrix in said center region, is 0.1
um or greater and 5 wm or smaller.

6. The liquid crystal display device according to claim 1,
wherein in the peripheral region of said panel, the width of
the part of the black matrix opposing a specific edge of the
four edges of each pixel is made wider than the width of the
black matrix in the center region.

7. The liquid crystal display device according to claim 1,
wherein in the peripheral region of said panel, the width of
the part of the black matrix opposing two specific edges of
the four edges of each pixel is made wider than the width of
the black matrix in the center region.

8. The liquid crystal display device according to claim 6,
wherein said specific edge is the edge in the area in prox-
imity to the peripheral electrode in the direction opposite the
direction of inclination of the liquid crystals due to rubbing.

9. A color filter substrate having a black matrix which
prevents light leakage between pixels, wherein the apertures
in the black matrix in color filter substrate peripheral regions
are made smaller than the apertures in the black matrix in the
color filter substrate center region.

10. The color filter substrate according to claim 9, wherein
the apertures in the black matrix in the peripheral regions of
the color filter substrate are made smaller in stages as
moving away from the center region.
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