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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese applications JP2006-131299 filed on May 10, 2006, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display device with improved reflectivity and transmissivity.
[0004] 2. Description of the Related Art

[0005] For example, partial transmissive-type liquid crys-
tal display devices that have a transmitting section and a
reflecting section in one subpixel are used as displays for
mobile phones, as described in JP-A-2003-344837.

[0006] FIG. 23 is a plan view of an example of a subpixel
of a known partial transmissive-type liquid crystal display
device. FIG. 24 is a sectional view taken along line A-A' of
FIG. 23. F1G. 25 is a sectional view taken along line B-B' of
FIG. 23. FIG. 26 is a sectional view taken along line C-C' of
FIG. 23.

[0007] Referring to FIG. 23, reference numeral 30 denotes
a transmitting section and numeral 31 denotes a reflecting
section. FIG. 25 shows a cross section of the transmitting
section 30. FIG. 26 shows a cross section of the reflecting
section 31. The partial transmissive-type liquid crystal dis-
play device shown in FIG. 23 is viewed from the main
surface of a glass substrate SUB2.

[0008] Referring to FIGS. 23 to 26, symbols SUBI1 and
SUB2 indicate a glass substrate, RET indicates a retarder, GI
indicates a gate insulating film, PAS1 to PAS4 indicate an
insulating film, POL1 and POL2 indicate a polarizer, BM
indicates a black matrix, CFR, CFG, and CFB indicate a
color filter, OC indicates a protection layer, MR indicates a
recessed layer, AL1 and AL2 indicate an alignment layer,
RAL indicates a reflecting electrode, I.C indicates a liquid
crystal layer, PIX indicates a pixel electrode, COM indicates
an counter electrode, GL indicates a scanning line (a gate
line), and DL indicates a video line (a drain line or a source
line).

[0009] The known partial transmissive-type liquid crystal
display device shown in FIG. 23 has the pixel electrode PIX
and the planar counter electrode COM deposited with an
interlayer insulating film PAS2 sandwiched therebetweer, in
which arch electric flux lines formed between the pixel
electrode PIX and the counter electrode COM are distributed
in such a manner as to pass through the liquid crystal layer
LC to change the orientation of the liquid crystal layer LC.
[0010] The pixel electrode PIX is 4 um in width, and 6 pm
in gap width, in which case the density of the lines of electric
force and the torque that adjacent lines of electric force
apply to the liquid crystal layer LC are maintained in
relatively good balance to enable transmission and reflective
display.

[0011] The length of the cell gap of the reflecting section
31 is set at about half of that of the transmitting section 30.
This is for the purpose of substantially matching the optical
path lengths of the transmitting section 30 and the reflecting
section 31 to each other because light passes through the
reflecting section 31 two times to and back.
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[0012] While the transmitting section 30 shows the bright-
ness of light using the double refraction of the liquid crystal
layer LC, the reflecting section 31 shows the brightness
using the double refraction of a retarder (V2 wave plate) RET
and the liquid crystal layer LC disposed in the liquid crystal
display panel.

[0013] FIG. 27 is a plan view of a TFT substrate side
subpixel of an example of a known transmissive liquid
crystal display device. FIG. 28 is a plan view of a subpixel
in which the TFT substrate shown in FIG. 27 and a CF
substrate are placed one on another. FIG. 29 is a sectional
view taken along line M-M' of FIG. 28.

[0014] Referring to FIGS. 27 and 29, symbols SUB1 and
SUB2 indicate a glass substrate, GI indicates a gate insu-
lating film, PAS1 to PAS4 indicate an insulating film, POL1
and POL2 indicate a polarizer, BM indicates a black matrix,
CFR, CFG, and CFB indicate a color filter, OC indicates a
protection layer, AL1 and AL2 indicate an alignment layer,
LC indicates a liquid crystal layer, PIX indicates a pixel
electrode, COM indicates an counter electrode, GL indicates
a scanning line (a gate line), DL indicates a video line (a
drain line or a source line), and CH indicates a contact hole.
[0015] The liquid crystal display device shown in FIG. 27
has a comb pixel electrode PIX and a planar counter
electrode COM disposed with the interlayer insulating film
PAS2 sandwiched therebetween, in which arch electric flux
lines formed between the pixel electrode PIX and the
counter electrode COM are distributed in such a manner as
to pass through the liquid crystal layer LC to change the
orientation of the liquid crystal layer LC.

[0016] At that time, the density of the lines of electric
force and the torque that adjacent lines of electric force
apply to the liquid crystal layer LC are maintained in good
balance to enable transmissive display.

[0017] Here, as a prior art document relevant to the present
invention, a following patent document is named. [Patent
document 1] J-P-A-2003-344837

SUMMARY OF THE INVENTION

[0018] The partial transmissive-type liquid crystal display
device shown in FIG. 23 has vertical and horizontal black
matrixes BM at the boundary of adjacent subpixels to
prevent light leaks and color mixture. This can prevent light
leaks to the adjacent subpixels and color mixture, but
decreases the open area ratio.

[0019] FIG. 30 shows a graph of the reflectivity distribu-
tion along line C-C' of FIG. 23. In FIG. 30, the dotted lines
indicate the boundary of subpixels, and the region between
the two dotted lines indicates the region of the subpixel.
[0020] The graph of FIG. 30 shows that the center of the
subpixel has high reflectivity and that the region of the black
matrix BM does not contribute to reflective display, thus
decreasing the reflectivity.

[0021] FIG. 31 is a plan view of a subpixel of the known
partial transmissive-type liquid crystal display device shown
in FIG. 23 in which the vertical black matrix BM of the
reflecting section 31 is removed. FIG. 32 shows a graph of
the reflectivity distribution along line D-D' of FIG. 31. In
FIG. 32, the dotted lines indicate the boundary of subpixels,
and the region between the two dotted lines indicates the
region of the subpixel.

[0022] In the known partial transmissive-type liquid crys-
tal display device shown in FIG. 31, the vertical black matrix
BM of the reflecting section 31 is removed and thus the open
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area ratio is improved. However, to prevent electric field
leaks to the adjacent substrates, the comb pixel electrode
PIX has to be separated from the boundary of the subpixels,
so that the reflectivity has hardly been improved.

[0023] Therefore, in the known partial transmissive-type
liquid crystal display device, part of the color filters of the
reflecting section 31 is removed to form an empty space,
thereby improving the reflectivity.

[0024] The known transmissive liquid crystal display
device shown in FIG. 27 also has vertical and horizontal
black matrixes BM at the boundary of adjacent subpixels to
prevent light leaks and color mixture. This can prevent light
leaks to the subpixels and color mixture but decreases the
open area ratio.

[0025] Thus, the known partial transmissive-type liquid
crystal display device and the known transmissive liquid
crystal display device have low open area ratio because there
is a black matrix BM at the boundary of subpixels.

[0026] Even if there is no black matrix BM at the bound-
ary of subpixels, the known display devices have the prob-
lem of poor reflection characteristic because the boundary of
subpixels does not contribute to display.

[0027] The invention has been made to solve the above-
described problems. Accordingly, it is an object of the
invention to provide a technique for significantly improving
the reflectivity or transmissivity of a liquid crystal display
device.

[0028] The above and other objects and novel features of
the invention will appear hereinafter from the following
detailed description and the accompanying drawings.

[0029] A typical example of the invention will be outlined
as follows:
[0030] In order to improve the reflectivity of a partial

transmissive-type liquid crystal display device, it is neces-
sary to increase the number of the comb electrodes of the
pixel electrode as much as possible and to arrange the comb
electrodes to the ends of the subpixel to the very limit. On
the other hand, if the comb electrodes of the pixel electrode
is too close to the ends of the subpixel, electric field leaks
occur to change the orientation of the liquid crystal of the
adjacent subpixels, so that part of the adjacent subpixels will
be lit. This is not desirable because it decreases the contrast
ratio and color-reproduction range.

[0031] To prevent the decrease in contrast ratio and color
reproduction range due to electric field leaks, a black matrix
is generally disposed at the boundary of pixels to prevent
light leaks due to electric field leaks. However, it has the
disadvantage of decreasing the open area ratio.

[0032] To prevent the decrease in contrast ratio and color
reproduction range due to electric field leaks without
decreasing the open area ratio, it is desirable that there is no
color filter at a portion where the electric field leaks occur.
[0033] Thus, the portion of the electric field leaks is
displayed in white and therefore no color mixture occurs,
and moreover, the reflectivity can be improved because there
is no color filter. This applies not only to reflective display
but also to transmissive display.

[0034] Thus, to improve the reflectivity or transmissivity,
the liquid crystal display device according to embodiments
of the invention has no color filter and no black matrix at the
portion of the boundary of the adjacent subpixels where
electric field leaks occur and at least one comb electrode of
the pixel electrode at the boundary of the subpixel.
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[0035] The advantage of the typical example of the inven-
tion will be briefly described.

[0036] The liquid crystal display device according to
embodiments of the invention can significantly improve the
reflectivity or transmissivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a first embodiment of the invention;
[0038] FIG. 2is a plan view in which the TFT substrate of
FIG. 1 and a CF substrate are placed one on another;

[0039] FIG. 3 is a sectional view taken along line E-E' of
FIG. 2;
[0040] FIG. 4 is a graph showing the reflectivity distribu-

tion along line E-E' of FIG. 2;

[0041] FIG. 5 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a comparative example;

[0042] FIG. 6is a plan view in which the TFT substrate of
FIG. 5 and a CF substrate are placed one on another;

[0043] FIG. 7 is a sectional view taken along line F-F' of
FIG. 6;
[0044] FIG. 8 is a graph showing the reflectivity distribu-

tion along line F-F' of FIG. 6;

[0045] FIG. 9 is a table showing relative values of the
known partial transmissive-type liquid crystal display
device of FIG. 23, the known partial transmissive-type
liquid crystal display device of FIG. 31, the partial trans-
missive-type liquid crystal display device of the embodi-
ment in FIG. 1, and the partial transmissive-type liquid
crystal display device of the comparative example in FIG. 5;
[0046] FIG. 10 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a second embodiment of the invention;
[0047] FIG. 11 is a plan view in which the TFT substrate
of FIG. 10 and a CF substrate are placed one on another;

[0048] FIG. 12 is a sectional view taken along line G-G' of
FIG. 11;
[0049] FIG. 13 is a sectional view taken along line H-H' of
FIG. 11;
[0050] FIG. 14 is a sectional view taken along line I-I' of
FIG. 11;
[0051] FIG. 15 is a plan view of a TFT substrate side

subpixel of a partial transmissive-type liquid crystal display
device according to a third embodiment of the invention,
[0052] FIG. 16 is a plan view in which the TFT substrate
of FIG. 15 and a CF substrate are placed one on another;

[0053] FIG. 17 is a sectional view taken along line J-I' of
FIG. 16;
[0054] FIG. 18 is a sectional view taken along line K-K' of
FIG. 16;
[0055] FIG. 19 is a sectional view taken along line L-L' of
FIG. 16;
[0056] FIG. 20 is a plan view of a subpixel of a transmis-

sive liquid crystal display device according to a fourth
embodiment of the invention;

[0057] FIG. 21 is a plan view in which the TFT substrate
of FIG. 20 and a CF substrate are placed one on another;

[0058] FIG. 22 is a sectional view taken along line N-N' of
FIG. 21;
[0059] FIG. 23 is a plan view of an example of a subpixel

of a known partial transmissive-type liquid crystal display
device;
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[0060] FIG. 24 is a sectional view taken along line A-A' of
FIG. 23;
[0061] FIG. 25 is a sectional view taken along line B-B' of
FIG. 23;
[0062] FIG. 26 is a sectional view taken along line C-C' of
FIG. 23;
[0063] FIG. 27 is a plan view of a TFT substrate side

subpixel of an example of a known transmissive liquid
crystal display device;
[0064] FIG. 28 is a plan view of a subpixel in which the
TFT substrate shown in FIG. 27 and a CF substrate are
placed one on another;

[0065] FIG. 29 is a sectional view taken along line M-M'
of FIG. 28;
[0066] FIG. 30 is a graph showing the reflectivity distri-

bution along line C-C' of FIG. 23;
[0067] FIG. 31 is a plan view of a subpixel of the known
partial transmissive-type liquid crystal display device shown
in FIGS. 23 to 26 in which the vertical black matrix of the
reflecting section is removed; and
[0068] FIG. 32 is a graph showing the reflectivity distri-
bution along line D-D' of FIG. 31.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0069] Embodiments of the invention will be described
hereinbelow with reference to the drawings, wherein like
and corresponding parts in each of the several drawings are
identified by the same reference character, and descriptions
thereof will be omitted.

First Embodiment

[0070] FIG. 1 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a first embodiment of the invention.
FIG. 2 is a plan view of the TFT substrate of FIG. 1 and a
CF substrate are placed one on another.

[0071] FIG. 3 is a sectional view taken along line E-E' of
FIG. 2. In FIG. 2, a reflecting electrode RAL is not shown.
The longitudinal section and the cross section of the trans-
mitting section 30 of this embodiment are the same as those
of FIGS. 24 and 25.

[0072] The partial transmissive-type liquid crystal display
device according to the embodiment has a pair of glass
substrates SUB1 and SUB2 with a liquid crystal layer LC
sandwiched therebetween. This partial transmissive-type
liquid crystal display device is viewed from the main surface
of the glass substrate SUB2.

[0073] The glass substrate SUB2 (also referred to as a CF
substrate) has, on the liquid crystal layer side, a black matrix
BM, red, green, and blue color filter layers CFR, CFG, and
CFB, a protection layer OC, a retarder (%2 wave plate) RET
for changing the polarization of light, a recessed layer MR,
and an alignment layer AL2 in that order from the glass
substrate SUB2 to the liquid crystal layer LC. The glass
substrate SUB2 also has a polarizer POL2 on the outside.
[0074] The glass substrate SUB1 (also referred to as a TFT
substrate) has, on the liquid crystal layer side, an insulating
film PAS4, a gate insulating film GI, a scanning line (also
referred to as a gate line) GL, an interlayer insulating film
PAS3, a video line (also referred to as a source line or a drain
line) DL, an interlayer insulating film PAS1, an counter
electrode COM (also referred to as a common electrode), a
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reflecting electrode RAL, an interlayer insulating film PAS2,
a pixel electrode PIX, and an alignment layer AL1 in that
order from the glass substrate SUBI to the liquid crystal
layer LC. The glass substrate SUB1 also has a polarizer
POL1 on the outside.

[0075] The counter electrode COM has a planer shape.
The pixel electrode PIX and the counter electrode COM are
superposed one on another. The pixel electrode PIX and the
counter electrode COM are made of a transparent conduc-
tive layer, such as indium tin oxide (ITO), thereby forming
aretention volume. The interlayer insulating film PAS2 may
not necessarily have one layer but may have two or more
layer.

[0076] The reflecting section 31 has a reflecting electrode
RAL. The reflecting electrode RAL may be a metal film
made of aluminum (Al) or the like or of a two-layer structure
made of lower-layer molybdenum (Mo) and upper-layer
aluminum (Al).

[0077] The partial transmissive-type liquid crystal display
device of this embodiment also has the pixel electrode PIX
and the planar counter electrode COM deposited with an
interlayer insulating film PAS2 sandwiched therebetween, in
which arch electric flux lines formed between the pixel
electrode PIX and the counter electrode COM are distributed
in such a manner as to pass through the liquid crystal layer
LC to change the orientation of the liquid crystal layer LC.
[0078] The length of the cell gap of the reflecting section
31 is set at about half of that of the transmitting section 30.
This is for the purpose of substantially matching the optical
path lengths and the transmitting section 30 and the reflect-
ing section 31 because light passes through the reflecting
section 31 two times to and back.

[0079] While the transmitting section 30 shows the bright-
ness of light using the double refraction of the liquid crystal
layer LC, the reflecting section 31 shows the brightness
using the double refraction of a retarder (V2 wave plate) RET
and the liquid crystal layer LC disposed in the liquid crystal
display panel.

[0080] In this embodiment, the pixel electrode PIX of the
transmitting section 30 is 4 um in width, and 6 pm in gap
width, while the pixel electrode PIX of the reflecting section
31 is 3.5 um in width, and 4.5 um in gap width. The two
opposite comb electrodes of the pixel electrode PIX of the
reflecting section 31 are disposed in the vicinity of the
adjacent subpixels to apply lines of electric force to the
adjacent subpixels. Therefore, in this embodiment, the num-
ber of the comb electrodes of the pixel electrode PIX of the
reflecting section 31 is six, which is more than the number,
four, of the comb electrodes of the pixel electrode PIX of the
transmitting section 30.

[0081] In this case, it is preferable that the distance
between the comb electrode nearest to the video line DL
among the plurality of comb electrodes of the pixel electrode
PIX of the reflecting section 31 and the center of the video
line DL be within 6 um, preferably within 5 um, and more
preferably within 4 pm.

[0082] This arrangement of the comb electrodes of the
pixel electrode PIX allows all the area of the reflecting
section 31 to be lit, thus offering a significant advantage in
improving reflectivity.

[0083] Furthermore, for monochromatic display of one
subpixel, part of the adjacent subpixels can also be used for
reflective display, which is very effective in improving
reflectivity.
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[0084] In this embodiment, there are no color filter and no
black matrix BM at the boundary of the subpixels of the
reflecting section 31. The elimination of the color filter and
the black matrix BM at the boundary of the subpixels of the
reflecting section 31 to form an empty space CFLS prevents
color mixture even if lines of electric force are applied to the
adjacent subpixels, thereby preventing a decrease in contrast
ratio and color reproduction range.

[0085] Combining the arrangement of the comb electrodes
of the pixel electrode PIX and the region having no color
filter (the color-filter empty space CFLS) can significantly
improve the reflectivity while preventing a decrease in
contrast ratio and color reproduction range.

[0086] To further improve the reflectivity, it is preferable
that the color-filter empty space CFLS have at least part of
the comb electrodes of the pixel electrode PIX.

[0087] This is because the edge of the comb electrodes of
the pixel electrode PIX has the highest reflection efficiency.
Therefore, arranging at least the edge of the electrode in the
color-filter empty space CFLS improves the reflection effi-
ciency.

[0088] FIG. 4 shows a graph of the reflectivity distribution
along line E-E' of FIG. 2. In FIG. 4, the dotted lines indicate
the boundary of subpixels, in which the region between the
two dotted lines indicates the region of the subpixel.
[0089] InFIG. 4 and the drawings to be described later, the
boundary of subpixels is in the center of the video line DL
shown in FIG. 3.

[0090] The graph of FIG. 4 shows that the center of the
subpixel has uniform reflectivity and that the color-filter
empty space CFLS has significantly increased in reflec-
tively. It is preferable that T/10=Tw="T/1.5 holds where Tw
is the width of the color-filter empty space CFLS and T is the
distance between the video lines DL in FIG. 3.

[0091] The graph also shows that since the comb elec-
trodes of the pixel electrode PIX are disposed to the ends of
the subpixel, part of the adjacent subpixels also contributes
to reflection. In this case, the lighting part of the adjacent
subpixels has no color filter, so that the contrast ratio and
color reproduction range are not decreased by color mixture.

COMPARATIVE EXAMPLE

[0092] FIG. 5 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a comparative example. FIG. 6 is a plan
view in which the TFT substrate of FIG. 5 and a CF substrate
are placed one on another.

[0093] FIG. 7 is a sectional view taken along line F-F' of
FIG. 6. In FIG. 6, a reflecting electrode RAL is not shown.
The longitudinal section of the partial transmissive-type
liquid crystal display device of the comparative example and
the cross section of the transmitting section 30 shown in
FIGS. 5 and 6 are the same as those of FIGS. 24 and 25.
[0094] In the comparative example, the color-filter empty
space CFLS of the reflecting section 31 is disposed in the
center of the pixel, unlike the first embodiment.

[0095] FIG. 8 shows a graph of the reflectivity distribution
along line F-F' of FIG. 6. In FIG. 8, the dotted lines indicate
the boundary of subpixels, and the region between the two
dotted lines indicates the region of the subpixel.

[0096] The graph of FIG. 8 shows that the central color-
filter empty space CFLS has significantly improved in
reflectivity and that the lines of electric force leak to the
adjacent subpixels.

Nov. 15, 2007

[0097] 1In this case, the contrast ratio and color reproduc-
tion range are decreased by color mixture since the adjacent
subpixels have a color filter of a different color.

[0098] FIG. 9 shows a table of relative values of the
known partial transmissive-type liquid crystal display
device of FIG. 23, the known partial transmissive-type
liquid crystal display device of FIG. 31, the partial trans-
missive-type liqud crystal display device of the embodi-
ment in FIG. 1, and the partial transmissive-type liquid
crystal display device of the comparative example in FIG. 5.
[0099] As shown in FIG. 9, the partial transmissive-type
liquid crystal display device of the first embodiment is
considerably improved in reflectivity in comparison with the
known partial transmissive-type liquid crystal display of
FIG. 23, the known partial transmissive-type liquid crystal
display device of FIG. 31 and the comparative partial
transmissive-type liquid crystal display device of FIG. 5.
[0100] In this embodiment, not only the reflecting section
31 but also the transmitting section 30 can be considerably
improved in reflectivity while the decrease of the contrast
ratio and color reproduction range is prevented by the
combination of the arrangement of the comb electrodes of
the pixel electrode PIX and the color-filter empty space
CFLS.

Second Embodiment

[0101] FIG. 10 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a second embodiment of the invention.
FIG. 11 is a plan view in which the TFT substrate of FIG.
10 and a CF substrate are placed one on another. FIG. 12 is
a sectional view taken along line G-G' of FIG. 11. FIG. 13
is a sectional view taken along line H-H' of FIG. 11. FIG. 14
is a sectional view taken along line I-I' of FIG. 11.

[0102] The partial transmissive-type liquid crystal display
device of the embodiment is an electrically controlled bire-
fringence (ECB) (a vertical electric field mode) partial
transmissive-type liquid crystal display device (with a posi-
tive dielectric anisotropy). In FIG. 11, reference numeral 30
denotes a transmitting section and 31 denotes a reflecting
section.

[0103] The partial transmissive-type liquid crystal display
device of this embodiment has a pair of glass substrates
SUB1 and SUB2 with a liquid crystal layer L.C sandwiched
therebetween. This partial transmissive-type liquid crystal
display device is viewed from the main surface of the glass
substrate SUB2 (also referred to as a CF substrate).

[0104] The glass substrate SUB2 has, on the liquid crystal
layer side, a black matrix BM, red, green, and blue color
filter layers CFR, CFG, and CFB, a protection layer OC, a
recessed layer MR, an counter electrode COM (also referred
to as a common electrode), and an alignment layer AL2 in
that order from the glass substrate SUB2 to the liquid crystal
layer LC. The glass substrate SUB2 also has a retarder
RET2, and a polarizer POL2 on the outside.

[0105] The glass substrate SUB1 (also referred to as a TFT
substrate) has, on the liquid crystal layer side, an insulating
film PAS4, a gate insulating film GI, a scanning line (also
referred to as a gate line) GL, an interlayer insulating film
PAS3, a video line (also referred to as a source line or a drain
line) DL, an interlayer insulating film PASI, a pixel elec-
trode PIX, a reflecting electrode RAL, and an alignment
layer AL1 in that order from the glass substrate SUB1 to the
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liquid crystal layer LC. The glass substrate SUB1 also has a
retarder RET1 and a polarizer POL1 on the outside.
[0106] In this embodiment, the planar pixel electrode PTX
is provided on the glass substrate SUBI side, while the
planar common counter electrode COM is provided on the
glass substrate SUB2 side, and the vertical electric field is
formed between the pixel electrode PIX and the counter
electrode COM to change the orientation of the liquid crystal
layer LC. The initial horizontal orientation of liquid crystal
layer LC is changed by the vertical electric field to the
direction of the vertical electric field.

[0107] There are the retarder RET1 and the polarizer
POL1 outside the glass substrate SUB1, while there are the
retarder RET2 and the polarizer POL2 outside the glass
substrate SUB2. The transmitting section 30 and the reflect-
ing section 31 show the brightness of light using the double
refraction of the retarders RET1 and RET2 and the liquid
crystal layer LC.

[0108] The length of the cell gap of the reflecting section
31 is set at about half of that of the transmitting section 30.
This is for the purpose of substantially matching the optical
path lengths of the transmitting section 30 and the reflecting
section 31 because light passes through the reflecting section
31 two times to and back.

[0109] In this embodiment, the pixel electrode PIX of the
reflecting section 31 is disposed in the vicinity of the
adjacent subpixels to apply lines of electric force to the
adjacent subpixels.

[0110] This arrangement of the electrode PIX allows the
entire area of the reflecting section 31 to be lit, thus offering
a significant advantage in improving reflectivity.

[0111] Furthermore, for monochromatic display of one
subpixel, part of the adjacent subpixels can also be used for
reflective display, which is very effective in improving
reflectivity.

[0112] In this embodiment, there is no color filter at the
boundary of the adjacent subpixels of the reflecting section
31. The elimination of the color filter at the boundary of the
subpixels prevents color mixture even if lines of electric
force are applied to the adjacent subpixels, thereby prevent-
ing a decrease in contrast ratio and color reproduction range.
[0113] Combining the arrangement of the pixel electrode
PIX and the color-filter empty space CFLS can considerably
improve the reflectivity while preventing a decrease in
contrast ratio and color reproduction range.

[0114] In this embodiment, not only the reflecting section
31 but also the transmitting section 30 can be considerably
improved in reflectivity while the decrease of the contrast
ratio and color reproduction range is prevented by the
combination of the arrangement of the pixel electrode PIX
and the color-filter empty space CFLS.

Third Embodiment

[0115] FIG. 15 is a plan view of a TFT substrate side
subpixel of a partial transmissive-type liquid crystal display
device according to a third embodiment of the invention.
FIG. 16 is a plan view in which the TFT substrate of FIG.
15 and a CF substrate are placed one on another. FIG. 17 is
a sectional view taken along line J-J' of FIG. 16. FIG. 18 is
a sectional view taken along line K-K' of FIG. 16. FIG. 19
is a sectional view taken along line L-L' of FIG. 16.

[0116] The partial transmissive-type liquid crystal display
device of this embodiment is a vertical-alignment VA (a
vertical electric field mode) partial transmissive-type liquid
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crystal display device (with a negative dielectric anisot-
ropy). In FIG. 16, reference numeral 30 denotes a transmit-
ting section and 31 denotes a reflecting section.

[0117] The partial transmissive-type liquid crystal display
device of this embodiment has a pair of glass substrates
SUB1 and SUB2 with a liquid crystal layer [.C sandwiched
therebetween. This partial transmissive-type liquid crystal
display device is viewed from the main surface of the glass
substrate SUB2 (also referred to as a CF substrate).

[0118] The glass substrate SUB2 has, on the liquid crystal
layer side, a black matrix BM, red, green, and blue color
filter layers CFR, CFG, and CFB, a protection layer OC, a
recessed layer MR and an orientation control projection
DPR, an counter electrode COM (also referred to as a
common electrode), and an alignment layer AL2 in that
order from the glass substrate SUB2 to the liquid crystal
layer LC. The glass substrate SUB2 also has a retarder RET2
and a polarizer POL2 on the outside.

[0119] The glass substrate SUB1 (also referred to as a TFT
substrate) has, on the liquid crystal layer side, an insulating
film PAS4, a gate insulating film GI, a scanning line (also
referred to as a gate line) GL, an interlayer insulating film
PAS3, a video line (also referred to as a source line or a drain
line) DL, an interlayer insulating film PAS1, a pixel elec-
trode PIX, a reflecting electrode RAL, and an alignment
layer AL1 in that order from the glass substrate SUB1 to the
liquid crystal layer LC. The glass substrate SUB1 also has a
retarder RET1 and a polarizer POL1 on the outside.
[0120] In this embodiment, the planar pixel electrode PIX
is provided on the glass substrate SUBI side, while the
planar common counter electrode COM is provided on the
glass substrate SUB2 side, and the vertical electric field is
formed between the pixel electrode PIX and the counter
electrode COM to change the orientation of the liquid crystal
layer LC. The initial vertical orientation of liquid crystal
layer LC is tilted in the direction parallel to the substrate by
the vertical electric field. The direction in which the liquid
crystal molecules tilt is controlled by means for controlling
the orientation, like the orientation control projection DPR.
[0121] There are the retarder RET1 and the polarizer
POL1 outside the glass substrate SUB1, while there are the
retarder RET2 and the polarizer POL2 outside the glass
substrate SUB2. The transmitting section 30 and the reflect-
ing section 31 show the brightness of light using the double
refraction of the retarders RET1 and RET2 and the liquid
crystal layer LC. The length of the cell gap of the reflecting
section 31 is set at about half of that of the transmitting
section 30. This is for the purpose of matching the optical
path lengths of the transmitting section 30 and the reflecting
section 31 because light passes through the reflecting section
31 two times to and back.

[0122] In this embodiment, the pixel electrode PIX of the
reflecting section 31 is disposed in the vicinity of the
adjacent subpixels to apply lines of electric force to the
adjacent subpixels.

[0123] This arrangement of the electrode PIX allows the
entire area of the reflecting section 31 to be lit, thus offering
a significant advantage in improving reflectivity.

[0124] Furthermore, for monochromatic display of one
subpixel, part of the adjacent subpixels can also be used for
reflective display, which is very effective in improving
reflectivity. In this embodiment, there is no color filter at the
boundary of the adjacent subpixels of the reflecting section
31. The elimination of the color filter at the boundary of the
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subpixels prevents color mixture even if lines of electric
force are applied to the adjacent subpixels, thereby prevent-
ing a decrease in contrast ratio and color reproduction range.
[0125] Combining the arrangement of the pixel electrode
PIX and the color-filter empty space CFLS can considerably
improve the reflectivity while preventing a decrease in
contrast ratio and color reproduction range.

[0126] In this embodiment, not only the reflecting section
31 but also the transmitting section 30 can be considerably
improved in reflectivity while the decrease of the contrast
ratio and color reproduction range is prevented by the
combination of the arrangement of the pixel electrode PIX
and the color-filter empty space CFLS.

Fourth Embodiment

[0127] FIG. 20 is a plan view of a subpixel of a transmis-
sive liquid crystal display device according to a fourth
embodiment of the invention. FIG. 21 is a plan view in
which the TFT substrate of FIG. 20 and a CF substrate are
placed one on another. FIG. 22 is a sectional view taken
along line N-N' of FIG. 21. The transmissive liquid crystal
display device of this embodiment is an in-plane switching
(IPS) transmissive liquid crystal display device. The trans-
missive liquid crystal display device of this embodiment has
a pair of glass substrates SUB1 and SUB2 with a liquid
crystal layer LC sandwiched therebetween. This transmis-
sive liquid crystal display device is viewed from the main
surface of the glass substrate SUB2 (also referred to as a CF
substrate). In FIG. 20, reference symbol CH denotes a
contact hole.

[0128] The glass substrate SUB2 has, on the liquid crystal
layer side, a black matrix BM, red, green, and blue color
filter layers CFR, CFG, and CFB, a protection layer OC, and
an alignment layer AL2 in that order from the glass substrate
SUB2 to the liquid crystal layer LC. The glass substrate
SUB2 also has a polarizer POL2 on the outside.

[0129] The glass substrate SUB1 (also referred to as a TFT
substrate) has, on the liquid crystal layer side, an insulating
film PAS4, a gate insulating film GI, a scanning line (also
referred to as a gate line) GL, an interlayer insulating film
PAS3, a video line (also referred to as a source line or a drain
line) DL, an interlayer insulating film PAS1, an counter
electrode COM (also referred to as a common electrode), an
interlayer insulating film PAS2, a pixel electrode PIX, and
an alignment layer AL1 in that order from the glass substrate
SUBL1 to the liquid crystal layer LC. The glass substrate
SUBT1 also has a polarizer POLL on the outside.

[0130] In this embodiment, the comb pixel electrode PIX
and the planar counter electrode COM are placed on the
glass substrate SUB1 (TFT substrate) side, with the inter-
layer insulating film PAS1 sandwiched therebetween, in
which arch electric flux lines formed between the pixel
electrode PIX and the counter electrode COM are distributed
in such a manner as to pass through the liquid crystal layer
LC to change the orientation of the liquid crystal layer LC.
[0131] At that time, the density of the lines of electric
force and the torque that adjacent lines of electric force
apply to the liquid crystal layer LC are maintained in
relatively good balance to enable transmissive display.
[0132] In this embodiment, the comb electrodes of the
pixel electrode PIX are disposed in the vicinity of the
adjacent subpixels to apply lines of electric force.
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[0133] This arrangement of the comb electrodes of the
electrode PIX allows the entire area of the reflecting section
31 to be lit, thus offering a significant advantage in improv-
ing transmissivity.

[0134] Furthermore, for monochromatic display of one
subpixel, part of the adjacent subpixels can also be used for
transmissive display, which is very effective in improving
transmissivity. In this embodiment, there is no color filter at
the boundary of the subpixels. The elimination of the color
filter at the boundary of the subpixels prevents color mixture
even if lines of electric force are applied to the adjacent
subpixels, thereby preventing a decrease in contrast ratio and
color reproduction range.

[0135] Combining the arrangement of the comb electrodes
of the pixel electrode PIX and the color-filter empty space
CFLS can considerably improve the transmissivity while
preventing a decrease in contrast ratio and color reproduc-
tion range. In order to improve transmissivity, it is preferable
that at least one of the comb electrodes of the pixel electrode
PIX be disposed in the color-filter empty space CFLS.
[0136] This is because the edge of the comb electrodes of
the pixel electrode PIX has the highest transmission effi-
ciency, and arranging at least the edge of the electrode in the
color-filter empty space CFLS improves the transmission
efficiency.

[0137] While the invention has been described in its
preferred embodiments, it is to be understood that the
invention is not limited to those and various modifications
may be mad without departing from the spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device including a liquid crystal
display panel having a pair of substrates and liquid crystal
sandwiched between the pair of substrates, the liquid crystal
display panel including a plurality of subpixels, the plurality
of subpixels each having an active element, a pixel elec-
trode, and an counter electrode, in which an electric field is
generated by the pixel electrode and the counter electrode to
drive the liquid crystal, the liquid crystal display device
comprising

a light shielding film;

a color filter, the light shielding film and the color filter
being formed on a first substrate of the pair of sub-
strates; and

a scanning line for supplying the active element with
scanning voltage, the scanning line being formed on a
second substrate of the pair of substrates;

wherein the boundary region between the subpixels adja-
cent along the scanning line has no light-shielding film
and no color filter.

2. The liquid crystal display device according to claim 1,

wherein

the pixel electrode includes a plurality of comb elec-
trodes; and

at least one of the plurality of comb electrodes is disposed
in the boundary region.

3. The liquid crystal display device according to claim 1,

wherein

the pixel electrode includes a plurality of comb elec-
trodes; and

the distance between the comb electrode of the plurality
of comb electrodes closest to the video line and the
center of the video line is within 6 um.
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4. The liquid crystal display device according to claim 3,
wherein

the distance between the comb electrode of the plurality

of comb electrodes closest to the video line and the
center of the video line is within 5 pm.

5. The liquid crystal display device according to claim 4,
wherein

the distance between the comb electrode of the plurality

of comb electrodes closest to the video line and the
center of the video line is within 4 pum.

6. The liquid crystal display device according to claim 1,
wherein the pixel electrode and the counter electrode are
formed on the second substrate.

7. The liquid crystal display device according to claim 1,
wherein

the pixel electrode and the counter electrode are formed

on the second substrate; and

the counter electrode constitutes a reflecting electrode.

8. The liquid crystal display device according to claim 1,
wherein

each of the subpixels includes a transmitting section and

a reflecting section;

the pixel electrode and the counter electrode are formed

on the second substrate;

the reflecting section of the counter electrode constitutes

a reflecting electrode; and

the first substrate has a recessed layer in the region facing

the reflecting section.

9. The liquid crystal display device according to claim 8,
wherein the boundary region having no light-shielding film
and no color filter is the boundary region between the
reflecting sections of the subpixels.
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10. The liquid crystal display device according to claim 8,
wherein the first substrate has an optical element that
controls the polarization of light in the region facing the
reflecting section.

11. The liquid crystal display device according to claim 7,
wherein the reflecting electrode is made of a metal film
formed on the counter electrode.

12. The liquid crystal display device according to claim 6,
further comprising

an interlayer insulating film on the counter electrode,

wherein

the pixel electrode is formed on the interlayer insulating

film.

13. The liquid crystal display device according to claim 1,
wherein

the pixel electrode is formed on the second substrate; and

the counter electrode is formed on the first substrate.

14. The liquid crystal display device according to claim 1,
wherein

each of the subpixels includes a transmitting section and

a reflecting section;

the pixel electrode is formed on the second substrate;

the counter electrode is formed on the first substrate;

the reflecting section of the counter electrode constitutes
a reflecting electrode; and

the first substrate has a recessed layer in the region facing

the reflecting section.

15. The liquid crystal display device according to claim
13, wherein the boundary region having no light-shielding
film and no color filter is the boundary region between the
reflecting sections of the subpixels.
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