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7) ABSTRACT

A liquid crystal display device provides, on the internal side
of one substrate of a pair of substrates a plurality of pixel
electrodes, a plurality of TFTs, a plurality of scan lines and
signal lines, and a plurality of convex sections each formed on
the internal side of the other substrate so as to be located
substantially on a center part of each of the plurality of pre-
determined regions provided in each of the plurality of pixels.
Further, the liquid crystal display device provides an oppos-
ing electrode on the internal side of the one substrate. Then,
the liquid crystal display device provides vertical alignment
films on the respective internal sides of the pair of substrates,
and a liquid crystal layer having negative dielectric anisot-
ropy and inserted in the gap between the pair of substrates.

28 Claims, 9 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to a vertically aligned liquid
crystal display device.

2. Description of the related art

A vertically aligned liquid crystal display device provides
a pair of substrates arranged opposite each other with a gap
and a plurality of pixel electrodes aligned in a matrix shape on
one of the mutually opposed internal sides of the pair of
substrates. Additionally, this liquid crystal display device
provides, on the internal side of the substrate on which the
pixel electrodes are provided, a plurality of thin film transis-
tors connected to their corresponding pixel electrodes, and a
plurality of scan lines and signal lines that supply gate signals
and data signals to the thin film transistors. Further, the liquid
crystal display device provides an opposing electrode that
forms a plurality of pixels from the plurality of pixel elec-
trodes and respective opposing regions on the internal side of
the other substrate, and a vertical alignment film on the
respective internal sides of the pair of substrates. Then, this
liquid crystal display device is configured so that a liquid
crystal layer having negative dielectric anisotropy is inter-
posed in the gap between the pair of substrates (Japanese
Patent Publication No. 2565639).

For each pixel of a plurality of pixels comprising the region
where the plurality of pixel electrodes and the opposing elec-
trode are mutually opposed, the vertically aligned liquid crys-
tal display device tilts in alignment the liquid crystal mol-
ecules from a vertically oriented state by applying voltage
between the electrodes. The liquid crystal molecules of each
pixel are aligned in such a manner that the molecules tilt
toward the electrode surface when the voltage is applied.

However, with the conventional vertically aligned liquid
crystal display device, the direction in which the crystal mol-
ecules tilt when voltage is applied is unstable. This results in
variance in the tilted orientation of the liquid crystal mol-
ecules of each pixel, causing a problem of display graininess
to arise in the conventional vertically aligned liquid crystal
display device.

SUMMARY OF THE INVENTION

The liquid crystal display device as recited of the first
present invention comprises:

apair of substrates arranged opposite each other with a gap;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates,

a plurality of pixel electrodes aligned in a matrix shape on
an internal side of the other substrate, the plurality of pixel
electrodes having predefined regions, opposed to the oppos-
ing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, and the plurality of thin film transistors each con-
nected to the corresponding pixel electrode;

aplurality of scan lines and signal lines on the internal side
of the other substrate, supplying gate signals and data signals
to the thin film transistor;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substantially on
a center part of each of the plurality of predetermined regions
provided in each of the plurality of pixels and protruding
farther than the other regions of the pixel electrodes;
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2

vertical alignment films on the respective internal sides of
the pair of substrates; and

aliquid crystal layer, having negative dielectric anisotropy,
and interposed in the gap between the pair of substrates.

The liquid crystal display device as recited of the second
present invention comprises:

apair of substrates arranged opposite each other with a gap;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates, a plurality
of pixel electrodes aligned in a matrix shape on an internal
side of the other substrate, the plurality of pixel electrodes
having predefined regions, opposed to the opposing electrode
and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, and the plurality of thin film transistors each con-
nected to the corresponding pixel electrode;

a plurality of scan lines and signal lines on the internal side
of the other substrate, supplying gate signals and data signals
to the thin film transistor;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substantially on
a center part of each of the plurality of pixels made up of at
least two films of the same materials as at least two of the
plurality of films constituting a thin film transistor and pro-
truding toward the one substrate farther than the other regions
of internal side of each of the pixel electrodes;

a vertical alignment film on the respective internal sides of
the pair of substrates; and

aliquid crystal layer, having negative dielectric anisotropy,
and interposed in the gap between the pair of substrates.

The liquid crystal display device as recited of the third
present invention comprises:

apair of substrates arranged opposite each other with a gap;

at least one opposing electrode formed on an internal side
of one of the pair of opposed substrates,

a plurality of pixel electrodes aligned in a matrix shape on
the other of the mutually opposed internal sides of the pair of
substrates, the plurality of pixel electrodes opposed to the
opposing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, the plurality of thin film transistors each connected
to the corresponding pixel electrode;

a plurality of scan lines and signal lines on an internal side
of the other substrate and supplying gate signals and data
signals to the thin film transistor;

a plurality of convex sections each located substantially on
a center part of each of the plurality of pixels, having an area
of predetermined ratio with respect to an area of the electrode,
protruding toward the one substrate farther than the other
regions of internal side of each of the pixel electrodes, and
reflecting a light entering from an observation side;

a vertical alignment film on the respective internal sides of
the pair of substrates; and

aliquid crystal layer, having negative dielectric anisotropy,
and interposed in the gap between the pair of substrates.

BRIEF DESCRIPTION OF THE DRAWINGS

These objects and other objects and advantages of the
present invention will become more apparent upon reading of
the following detailed description and the accompanying
drawings in which:

FIG. 1 is a plan view of one substrate of a liquid crystal
display device according to Embodiment 1;
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FIG. 2 is an enlarged view corresponding to line II-IT of
FIG. 1 ofaliquid crystal display device according to Embodi-
ment 1;

FIG. 3 is an enlarged view corresponding to line III-III of
FIG. 1 ofaliquid crystal display device according to Embodi-
ment 1;

FIG. 4 is an exemplary cross-sectional diagram showing
the orientation state of liquid crystal molecules when voltage
is not applied in a liquid crystal display device according to
Embodiment 1;

FIG. 5 is an exemplary cross-sectional diagram showing
the orientation state of liquid crystal molecules when voltage
is applied in a liquid crystal display device according to
Embodiment 1;

FIG. 6 is an exemplary cross-sectional diagram showing
the orientation state of liquid crystal molecules when voltage
is applied in a liquid crystal display device according to
Embodiment 1;

FIG. 7 is a plan view of a back substrate of a liquid crystal
display device according to Embodiment 2;

FIG. 8 is an exemplary plan view showing the orientation
state of liquid crystal molecules when voltage is applied in a
liquid crystal display device according to Embodiment 2;

FIG. 9 is a cross-sectional diagram of a back substrate of a
liquid crystal display device according to Embodiment 3;

FIG. 10 is a cross-sectional diagram of a back substrate of
a liquid crystal display device according to a modified
embodiment;

FIG. 11 is a cross-sectional diagram of a back substrate of
a liquid crystal display device according to Embodiment 4;

FIG. 12 is a plan view of a back substrate of a liquid crystal
display device according to Embodiment 5;

FIG. 13 is an enlarged cross-sectional diagram correspond-
ing to line XIII-XIII of FIG. 12 of a liquid crystal display
device according to Embodiment 1;

FIG. 14 is an exemplary cross-sectional diagram showing
the orientation state of liquid crystal molecules when voltage
in not applied in a liquid crystal display device according to
Embodiment 5;

FIG. 15 is an exemplary cross-sectional diagram showing
the orientation state of liquid crystal molecules when voltage
is applied in a liquid crystal display device according to
Embodiment 5; and

FIG. 16 is a plan view of a back substrate of a liquid crystal
display device according to Embodiment 6.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

FIG. 1 to FIG. 6 illustrate Embodiment 1 of the present
invention. FIG. 1 is a plan view of a section of one substrate
of a liquid crystal display device, and FIG. 2 and FIG. 3 are
enlarged cross-sectional diagrams of the liquid crystal dis-
play device corresponding to lines II-1I and 1II-111 of FIG. 1.

This liquid crystal display device is an active matrix liquid
crystal display device having a thin film transistor (hereinaf-
ter “TFT”) serving as the active element. As shown in FIG. 1
to FIG. 3, theliquid crystal display device comprises a pair of
transparent substrates 1 and 2 arranged opposite each other
with a predetermined gap, a plurality of transparent pixel
electrodes 3, a plurality of TFTs 5, a plurality of convex
sections 13, a plurality of scan lines 14 and signal lines 15, a
transparent opposing electrode 20 of a single film shape,
vertical alignment films 25 and 26, and a liquid crystal layer
27 having negative dielectric anisotropy. The plurality of
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transparent pixel electrodes 3 are aligned in a matrix shape in
arow direction (horizontal direction of FIG. 1) and a column
direction (vertical direction of FIG. 1) on one of the mutually
opposed internal sides of the pair of substrates 1 and 2, such
as, for example, the internal side of the substrate 1 (hereinaf-
ter after “back substrate”) opposite the observation side (top
side of FIG. 2 and FIG. 3) of the display. The plurality of TFTs
5 are associated with the plurality of pixel electrodes on the
internal side of the other substrate, and each connected to the
corresponding pixel electrode 3. The plurality of scan lines 14
and signal lines 15 are provided on the internal side of the
back substrate 1, and supplies gate signals and data signals to
the TFT 5. The plurality of convex sections are each located
substantially on a center part of each of the plurality of pixels
and protrude toward the one substrate farther than the other
regions of the surface of each of the pixel electrodes. The
opposing electrode 20 is formed on an internal side of the
substrates 2, opposed to the respective center parts of the
plurality of pixel electrodes 3, and defines a plurality of pix-
els. Vertical alignment films 25 and 26 are provided on the
respective internal sides of the air of substrates 1 and 2. The
liquid crystal layer 27 is interposed in the gap between the
pair of substrates 1 and 2.

The TFT 5 comprises a gate electrode 6, a transparent gate
insulating film 7, an i-type semiconductor film 8, a blocking
insulating film 9, a drain electrode 11D and a source electrode
118, and an overcoat insulating film 12. The gate insulating
film 7 is formed on the substrate surface of the back substrate
1. The i-type semiconductor film 8 is formed on the entire
alignment region of the pixel electrode 3, covering the gate
electrode 6, and formed opposite the gate electrode 6 ontop of
the gate insulating film 7. The blocking insulating film 9 is
formed above the center section that serves as the channel
region of the i-type semiconductor film 8. The drain electrode
11D and the source electrode 11S are formed via the n-type
semiconductor film 10 above orne side section and he other
side section of the i-type semiconductor film 8. The overcoat
insulating film 12 is formed above the drain electrode 11D
and the source electrode 118. In FIG. 1, the overcoat insulat-
ing film 12 and the vertical alignment film 25 are omitted.

The plurality of scan lines 14 are integrated with the gate
electrode 6 of the plurality of TFTs 5 respectively corre-
sponding to the plurality of pixel electrodes 3 of each row,
along the one side per pixel electrode row, on the board
surface of the back substrate 1.

Further, the signal lines 15 are integrated with the drain
electrode 1 ID of the plurality of TFTs 5 respectively corre-
sponding to the plurality of pixel electrodes 3 of each column,
along one side section per pixel electrode column, above the
gate insulating film 7. The signal line 15 is covered by the
overcoat insulating film 12 of the TFT 5.

Then, the plurality of pixel electrodes 3 is formed above the
gate insulating film 7, with the TFT connection section of the
pixel electrode 3 overlapping the overcoat insulating film 7.
The plurality of pixel electrodes 3 are connected to the source
electrode 118 of the TFT 5 at a connecting hole provided on
the overcoat insulating film 12.

Each of the plurality of pixel electrodes 3 comprises a
transparent electrode film such as an ITO (Indium Tin Oxide)
film, etc., that is formed into a long and narrow rectangular
shape having a width in the row direction that is substantially
1 portion of an integer, such as %4, for example, of the width
in the column direction, and on which is provided a slit 4 that
substantially divides the rectangular shape into a plurality
(three in the present illustration) of square-shaped electrode
segments 3a, 3b, and 3c aligned in the longitudinal direction
thereof. The convex section 13 is provided correspondingly to



US 7,956,970 B2

5

the center sections of the three electrode segments 3a, 35, and
3¢ (the center sections of the square shapes) of the pixel
electrode 3 that are substantially formed into square shapes
(hereinafter “square-shaped electrode segments™).

Furthermore, the slit 4 of the pixel electrode 3 is provided
in parallel with the row direction, from near one side borderto
the other side border of the pixel electrode 3. Fach of the
electrode segments 3a, 35, and 3¢ is interconnected in the area
between one side border of the pixel electrode 3 and an end
section of the slit 4.

The convex section 13 comprises a layered film made of
film of the same material as all or a portion of the plurality of
films 6,7, 8,9,10, 11D and 118, and 12 constituting the TFT
5.

Inthe present embodiment, the convex section 13 is formed
from the films of the same material as all of the plurality of
films constituting the TFT 5, that is, a lower metal film 6a, the
gate insulating film 7, a lower semiconductor film 8a, an
intermediate insulating film 9a, an upper semiconductor film
104, an upper insulating film 124, and an upper insulating film
12a. The lower metal film 6a comprises a metal film of the
same material as the gate electrode 6 and the scan line 14. The
lower semiconductor film 8a, the intermediate insulating film
9a, and the upper semiconductor film 10a comprise semicon-
ductor films and an insulating film of the same material as the
i-type semiconductor film 8, the blocking insulating film 9,
and the n-type semiconductor film 10. The upper insulating
film 12a comprises a metal film of the same material as the
drain electrode 11D and the source electrode 11S. The upper
insulating film 124 comprises an insulating film of the same
material as the overcoat insulating film.

Furthermore, the gate insulating film 7 of the layered film
forming the convex section 13 is formed on the entire align-
ment region of the plurality of pixel electrodes 3. In conse-
quence, the convex section 13 protrudes at a height corre-
sponding to the total value of each film thickness of the lower
metal film 64, the lower semiconductor film 8a, the interme-
diate insulating film 9a, the upper semiconductor film 10a,
the upper metal film 114, and the upper insulating film 124,
with respect to the substrate internal side corresponding to the
other regions of the pixel electrode 3, that is, with respect to
the film surface of the regions corresponding to the pixel
electrode 3 of the gate insulating film 7 other than the region
corresponding to the convex section 13.

Further, in the present embodiment, the lower metal film 6a
is formed into a circular film ofa predetermined diameter; and
the diameter of the three-layer film comprising the lower
semiconductor film 8a, the intermediate insulating film 9a,
and the upper semiconductor film 10a, the diameter of the
upper metal film 114, and the diameter of the upper insulating
film 12a gradually decrease at a predetermined rate with
respect to the diameter of the bulging section above the lower
metal film 6a of the gate insulating film 7. As a result, the
convex section 13 is substantially formed into a flat top coni-
cal shape, having a circular (planar) shape and a diameter that
gradually decreases from the bottom to the top (a flat top
conical shape having a stepped peripheral surface).

Then, the pixel electrode 3 is formed above the gate insu-
lating film 7 into a shape in which the section corresponding
to the convex section 13 protrudes farther than the sections
other than the convex section 13 (the sections formed on the
gate insulating film 7), covering the convex section 13. Then,
the vertical alignment film 25 is formed above the pixel elec-
trode 3, across the entire alignment region of the plurality of
pixel electrodes 3.

Further, a capacitive electrode 16 that forms a compensa-
tion capacitor 19 with the plurality of pixel electrodes 3 is
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further formed on the internal side of the back substrate 1. In
FIG. 1, to make the capacitive electrode 16 easily distinguish-
able, the section corresponding to the capacitive electrode 16
is shaded using parallel diagonal lines.

This capacitive electrode 16 comprises a transparent con-
ductive film of [TO film, for example, and is formed corre-
spondingly to the peripheral border section and the slit 4,
excluding the TFT connection section ofthe pixel electrode 3,
on the board surface of the back substrate 1. Further, the
capacitive electrode 16 is arranged opposite the peripheral
border sections of the three square-shaped electrode seg-
ments 3a, 35, and 3¢ of the pixel electrode 3 via the gate
insulating film 7, and forms with the pixel electrode 3 the
compensation capacitor 19 having the gate insulating film 7
as a dielectric layer.

Furthermore, the capacitive electrode 16 is arranged so that
the inner peripheral border section of the frame shape section
corresponding to the peripheral border section of the pixel
electrode 3 is opposite the peripheral border section of the
pixel electrode 3, and the outer peripheral border section of
the frame shape section extends lateral to the pixel electrode
3. Further, the capacitive electrode 16 is formed at a width
such that both side border sections of the section correspond-
ing to the slit 4 are arranged opposite the neighboring border
sections of each of the square-shaped electrodes 3a. 3b, and
3¢ of the pixel electrode 3. The compensation capacitor 19 is
formed by the section opposite the pixel electrode 3 of the
capacitive electrode 16.

Then, the capacitive electrode 16 respectively correspond-
ing to the plurality of pixel electrodes 3 is integrated on the
side opposite the TFT connection side of the pixel electrode 3
per pixel electrode row. Furthermore, the capacitive electrode
16 of each row is commonly connected to a capacitive elec-
trode connection line (not shown) provided in parallel with
the signal line 15 on one or both ends of the outside of the
alignment region of the plurality of pixel electrodes 3.

On the other hand, a light shielding film 21, which is
arranged opposite the region between the plurality of pixels
28 comprising a region opposite the opposing electrode 20
provided on the inner section of the front substrate 2 and the
plurality of pixel electrodes 3 provided on the internal side of
the back substrate 1, is provided on the internal side of the
front surface 2. Further, three red, green, and blue color filters
22R, 22G, and 22B respectively corresponding to the plural-
ity of pixels 28 are provided on the internal side of the front
substrate 2, with the opposing electrode 20 formed above the
color filters 22R, 22G, and 22B. Then, a vertical alignment
film 26 is formed above the opposing electrode 20.

Then, the pair of substrates 1 and 2 is joined via a sealing
material of a frame shape (not shown) surrounding the align-
ment region of the plurality of pixel electrodes 3. Then, the
liquid crystal layer 27 comprising nematic liquid crystal hav-
ing negative dielectric anisotropy is interposed in the gap
surrounded by the sealing material between these substrates 1
and 2.

Furthermore, the back substrate 1 has an extending section
(not shown) at one end section or both end sections in the row
direction and column direction, protruding lateral to the front
substrate 2. The plurality of scan lines 14 and signal lines 15
are respectively connected to a plurality of driver connection
terminals aligned on the extending section. The capacitive
electrode connection line to which the capacitive electrode 16
of each row is commonly connected is connected to a capaci-
tive electrode connection line aligned along with the plurality
of driver connection terminals on the extending section.

Furthermore, an opposing electrode connection line con-
nected to an opposing electrode terminal (may be the same as
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or different from the capacitive electrode terminal) leading
from near the angle section of the substrate joining section
joined by the sealing material to the extending section and
aligned with the driver connection terminal is provided on the
internal side of the back substrate 1. The opposing electrode
20 provided on the internal side of the front substrate 2 is
connected to the opposing electrode connection line at the
substrate joining section, and to the opposing electrode ter-
minal via this opposing electrode connection line.

Further, although omitted in the figure, the liquid crystal
display device comprises a pair of polarizing plates respec-
tively arranged on the outer surface of the pair of substrates 1
and 2. Furthermore, the liquid crystal display device is, for
example, a normally black mode device in which the display
appears black when voltage is not applied between the pixel
electrode 3 and the opposing electrode 20. The pair of polar-
izing plates of the liquid crystal display device is arranged
substantially orthogonal to the respective transmissive axes.

The liquid crystal display device tilts in alignment the
liquid crystal molecules from the vertically oriented state by
applying voltage between the electrodes 3 and 20 per pixel of
the plurality of pixels 28 comprising a region where the
plurality of pixel electrodes 3 and the opposing electrode 20
are mutually opposed. The liquid crystal molecule of each
pixel 28 is oriented so that the molecule tilts toward the center
section from the border section of the pixel 28 when voltage
is applied.

FIG. 4 is an exemplary cross-sectional diagram showing
the orientation state of the liquid crystal molecule when volt-
age is not applied between the electrodes 3 and 20 of a single
pixel 28 of the liquid crystal display device. FIG. 5 is an
exemplary cross-sectional diagram showing the orientation
state of the liquid crystal molecule when voltage is applied
between the electrodes 3 and 20 of the single pixel 28. FIG. 6
is an exemplary plan view showing the orientation state of the
liquid crystal molecule when voltage is applied between the
electrodes 3 and 20 of the single pixel 28. Furthermore, in
FIG. 4 and FIG. 5, the convex section 13 is omitted.

As shown in FIG. 4, when voltage is not applied between
the electrodes 3 and 20, a liquid crystal molecule 27a of the
liquid crystal layer 27 is substantially vertically oriented with
respect to the surfaces of the substrates 1 and 2 in regions
other than the section corresponding to the convex section 13
due to the vertical orientation of the vertical alignment films
25 and 26 respectively provided on the internal sides of the
pair of substrates 1 and 2. At this time, in the section corre-
sponding to the convex section 13, he liquid crystal molecule
27a near the curved section 13 of the back substrate 1 side is
oriented so that its long molecular axis is substantially toward
the vertical direction with respect to the top surface and
peripheral surface of the convex section 13, and the liquid
crystal molecule 27a near the front substrate 2 is substantially
vertically oriented with respect to the surface of the front
substrate 2.

Then, the liquid crystal display device forms each of the
plurality of pixel electrodes 3 on a conductive film that is
formed into a long and narrow rectangular shape and on
which the slit 4 that substantially divides the rectangular
shape into the plurality of (three) square-shaped electrode
segments 3a, 3b, and 3¢ aligned in the longitudinal direction
is provided. Further, the liquid crystal display device provides
the convex section 13 corresponding to the respective center
sections of the plurality of square-shaped electrode segments
3a, 3b, and 3¢ of the pixel electrode 3, on the internal side of
the back substrate 1 on which the plurality of pixel electrodes
3is provided. As aresult, when voltage is applied between the
electrodes 3 and 20, the liquid crystal molecule 27a of each
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region respectively corresponding to the plurality of square-
shaped electrode segments 3a, 35, and 3¢ of the pixel elec-
trode 3 is guided by the electrical potential distribution near
the convex section 13 and the behavior of the liquid crystal
molecules in the surrounding area of each pixel section. As a
result, as shown in F1G. 5 and F1G. 6, for each of the regions,
he liquid crystal molecule 27« stably tilts toward the center
section from the peripheral order section of that region.

That is, the liquid crystal display device forms the pixel
electrode 3, covering the convex section 13. Accordingly, the
electric fields respectively generated in each region corre-
sponding to each of the square-shaped electrode segments 3a,
3b, and 3¢ of the pixel electrode 3 when voltage is applied
between the pixel electrodes 3 and 20 are electric fields where
the electric potential of the section corresponding to the con-
vex section 13, with respect to the electric potential of other
sections of the region, is biased toward the front substrate 2
side, as the equipotential line ¢ shows in FIG. 5.

As a result, the liquid crystal molecule 27a, per region
corresponding to each of the square-shaped electrode seg-
ments 3a, 3b, and 3¢ of the pixel electrode 3, stably tilts
toward the center section from the peripheral border section
of the region along the equipotential line e, with the center
section of the convex section 13 as the focal point of he tilting
direction.

In this manner, the liquid crystal display device provides a
plurality of convex sections 13 each formed on the internal
side of the other substrate so as to be located substantially on
a center part of each of the plurality of pixels and protruding
farther than the other regions of the surface of each of the
pixel electrodes 3, on the internal side of the back substrate 1
of the pair of substrates 1 and 2. As a result, per pixel of the
plurality of pixels 28 comprising the region where the plural-
ity of pixel electrodes 3 and the opposing electrode 20 pro-
vided on the internal side of the front substrate 2 are mutually
opposed, the liquid crystal display device stably tilts the lig-
uid crystal molecule 27a of the liquid crystal layer 27 having
negative dielectric anisotropy characteristics and interposed
in the gap between the pair of substrates 1 and 2 toward the
center section from the border section of the pixel 28, when
voltage is applied between the pixel electrodes 3 and 20. This
makes it possible for the liquid crystal display device to
display a good quality image without graininess.

Additionally, the liquid crystal display device forms the
pixel electrode 3, covering he convex section 13. This makes
it possible for the liquid crystal display device to even more
stably tilt the liquid crystal molecule 274 toward the center
section from the border section of the pixel 28 when the
voltage is applied, and thereby display an image of even
higher quality.

Further, the liquid crystal display device has the plurality of
pixel electrodes 3 formed into a narrow rectangular shape,
and comprises a conductive film segmented into substantially
square-shaped electrode segments 3a, 35 and 3c¢. Then, the
liquid crystal display device provides the convex section 13
formed on the internal side of the other substrate, located
substantially on a center part of each of the electrode seg-
ments 3a, 3b and 3c¢. This makes it possible for the liquid
crystal display device to stably tilt per region corresponding
to the plurality of electrode segments 3a, 3b, and 3¢ of the
pixel electrode 3 the liquid crystal molecule 27a toward the
center section from that border section when the voltage is
applied. Further, the liquid crystal display device achieves a
state of stable orientation even in a case where the horizontal
to vertical ratio of the pixel electrode is increased to improve
the resolution of the screen.
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Further, the liquid crystal display device forms the convex
section 13 from film of the same material as all films 6, 7, 8,
9,10,11,11D and 118, and 12 constituting the TFT 5, that is,
the layered film of the lower metal film 6a, the gate insulating
film 7, the lower semiconductor film 8, the intermediate insu-
lating film 9a, the upper semiconductor film 10a, the upper
metal film 114, and the upper insulating film 12a. The lower
metal film 6a comprises a metal film of the same material as
the gate electrode 6 and the scan line 14. The lower semicon-
ductor film 8a, the intermediate insulating film 9a, and the
upper semiconductor film 10a comprise semiconductor films
and an insulating film of the same material as the i-type
semiconductor film 8, the blocking insulating film 9, and the
n-type semiconductor film 10. The upper metal film 11a
comprises a metal film of the same material as the drain
electrode 11D and the source electrode 11S. The upper insu-
lating film 12a comprises an insulating film of the same
material as the overcoat insulating film 12. The liquid crystal
display device forms the convex section 13 from a layered
film made of films of the same material as all films constitut-
ing the TFT 5, thereby making it possible to form the convex
section 13 utilizing the formation process of the TFT 5, with-
out any increase in the production cost of the liquid crystal
display device.

Furthermore, in the above-described embodiment, the lig-
uid crystal display device forms the convex section 13 from a
layered film made of the films 64,7, 84, 92,104, 11a, and 124,
which are of the same material as all films constituting the
TFT 5. Note, however, that the liquid crystal display device
may form the convex section 13 from a layered film made of
films of the same material as a portion of the plurality of films
constituting the TFT 5, such as, for example, the lower metal
film 6a, the gate insulating film 7, and the upper metal film
12a.

Embodiment 2

FIG. 7 and FIG. 8 illustrate Embodiment 2 of the present
invention. FIG. 7 is a plan view of a section of the other
substrate (back substrate) of a liquid crystal display device,
and FIG. 8 is an exemplary plan view showing the orientation
state of liquid crystal molecules when voltage is applied
between the electrodes of a single pixel of the liquid crystal
display device of this embodiment. Furthermore, FIG. 7 uses
the same callouts as the above-described Embodiment 1 for
those items corresponding to the above-described Embodi-
ment 1, and descriptions thereof are omitted.

The liquid crystal display device of the present embodi-
ment forms the plurality of pixel electrodes 3 from a trans-
parent conductive film formed into a long and narrow rectan-
gular shape, and provides correspondingly to the surrounding
area, excluding the TFT connection section of the pixel elec-
trode 3, the capacitive electrode 16 that forms the compensa-
tion capacitor 19. Further, the liquid crystal display device of
the present embodiment provides a long and narrow convex
section 13« across the entire length in the longitudinal direc-
tion of the pixel electrode 3, correspondingly to the respective
center sections of the plurality of pixel electrodes 3, on the
internal side of the back substrate 1 provided with the plural-
ity of pixel electrodes 3. The other components and the con-
figuration of the cross-section of the convex section 13a are
the same as those of Embodiment 1.

This liquid crystal display device provides the convex sec-
tion 13a across the entire length in the longitudinal direction
of the pixel electrode 3. correspondingly to the center section
in the narrow width direction of the pixel electrode 3. This
makes it possible for he liquid crystal display device to stably
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tilt the liquid crystal molecule 27a toward the center section
from the border section of both sides in the longitudinal
direction of the pixel 28, as in FIG. 8, when voltage is applied
between the electrodes 3 and 20, and thereby display a good
quality image without graininess. Further, the liquid crystal
display device achieves a state of stable orientation even in a
case where the horizontal to vertical ratio of the pixel elec-
trode is increased to improve the resolution of the screen.

Embodiment 3

FIG. 9 is a cross-sectional diagram of a section of the other
substrate (back substrate) of the liquid crystal display device
indicated in Embodiment 3 of the present invention. Further-
more, FIG. 9 uses the same callouts as the above-described
Embodiment 1 for those items corresponding to the above-
described Embodiment 1, and descriptions thereof are omit-
ted.

The present embodiment forms in the liquid crystal display
device of the above-described Embodiment 1 the convex
section 13 a from a layered film made of a conductive film 164
and a layered film made of films of the same material as all or
a portion of the plurality of films 6, 7, 8,9, 10, 11D and 118,
and 12 constituting the TFT 5 (in the figure, a layered film
made of the films 64, 7, 8a, 9a,10a, 114, and 124 of the same
material as all ofthe plurality of films constituting the TFT 5).
The conductive film 16a comprises a transparent conductive
film of the same material as the compensation electrode 16
that forms the compensation capacitor 19. According to the
present embodiment, the liquid crystal display device can
form the convex section 13a utilizing the TFT 5 and the
compensation capacitor 19 formation process, without
increasing the production cost of the liquid crystal display
device.

Furthermore, in the present embodiment, the conductive
film 16 comprising a transparent conductive film of the same
material as the capacitive electrode 16 is formed on the board
surface of the back substrate 1, and the lower metal film 6a
comprising a metal film of the same material as the gate
electrode 6 and the scan line 14 of the TFT 5 is formed
thereabove. Note, however, that the lower metal film 6a may
be formed on the board surface of the back substrate 1 and the
conductive film 16a may be formed hereabove, as in the
variation example of Embodiment 3 shown in FIG. 10.

Further, Embodiment 3 and the variation example thereof
may also be applied to the convex section 134 of the above-
described Embodiment 2.

Embodiment 4

FIG. 11 is a cross-sectional diagram of a section of the
other substrate (back substrate) of the liquid crystal display
device indicated in Embodiment 4 of the present invention.
Furthermore, FIG. 11 uses the same callouts as the above-
described Embodiment 1 for those items corresponding to the
above-described Embodiment 1, and descriptions thereof are
omitted.

The liquid crystal display device of the present embodi-
ment provides the plurality of TFTs 5 between the drain
electrode 11D & the source electrode 118 and the overcoat
insulating film 12, and a transparent protective insulating film
18 above and across the signal line 15 from the TFT section.
The liquid crystal display device forms the capacitive elec-
trode 16 comprising a transparent protective conductive film
of an ITO film, etc., above the side border section of the
section covering the signal line 15 of the protective insulating
film 18. Further, the liquid crystal display device forms the
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overcoat insulating film 12 at a width covering roughly the
entire protective insulating film 18 above and across the sig-
nal line 15 from the TFT section, and forms a pixel electrode
3 having a border section that overlaps the border section of
the overcoat insulating section 12. With this configuration,
the liquid crystal display device forms the compensation
capacitor 19 having the overcoat insulating film 12 as a
dielectric layer, between the capacitive electrode 16 and the
border section of the pixel electrode 3. In the present embodi-
ment, the liquid crystal display device uses as the capacitive
electrode 16 a double-layer film electrode in which a low
resistance film 17 comprising a metal film is laminated on the
outer peripheral border section extending lateral to the pixel
electrode 3 and across the entire circumference thereof and
the connecting section of the neighboring capacitive elec-
trodes 16 and 16.

Furthermore, while in FIG. 11 the low resistance film 17 is
formed above the protective insulating film 18 and the capaci-
tive electrode 16 is formed thereabove, conversely the capaci-
tive electrode 16 may be formed above the protective insulat-
ing film 18 and the low resistance film 17 may be formed
thereabove.

Then, in the present embodiment, the liquid crystal display
device provides on the internal side of the back substrate 1
provided with a plurality of pixel electrodes 3a, correspond-
ingly to the center section of the plurality of square-shaped
electrode segments 3a, 35, and 3¢ of the pixel electrode 3, a
convex section 13 substantially formed into a flat top conical
shape (a flat top conical shape having a stepped peripheral
surface) comprising a layered film made of films of the same
material as all of the plurality of films constituting the TFT 5,
that is, the lower metal film 64, the lower semiconductor film
8a, the intermediate insulating film 9a, the upper semicon-
ductor film 10a, the upper metal film 11a, and the upper
insulating film 12a, and films of the same material as the
capacitive electrode 16 wherein the low resistance film 17 is
laminated, that is the intermediate metal film 17a and the
conductive film 16a. The liquid crystal display device forms
the pixel electrode 3 above the convex section 13. The lower
metal film 6a comprises a metal film of the same material as
the gate electrode 6 and the scan line 14. The lower semicon-
ductor film 8a, the intermediate insulating film 9a, and the
upper semiconductor film 10a comprise semiconductor films
and an insulating film of the same material as the i-type
semiconductor film 8, the blocking insulating film 9, and the
n-type semiconductor film 10. The upper metal film 11 a
comprises a metal film of the same material as the drain
electrode 11D and the source electrode 11S. The upper insu-
lating film 12a comprises an insulating film of the same
material as the overcoat insulating film 12. The intermediate
metal film 17a comprises a metal film of the same material as
the low resistance film 17. The conductive film 16a comprises
a transparent conductive film of the same material as the
capacitive electrode 16.

The liquid crystal display device of the present embodi-
ment provides the convex section 13 comprising a layered
film made of films 6a, 7, 8a, 94, 10q, 11a,17a, and 12a of the
same material as all of the plurality of films constituting the
TFT 5, and the films 17a and 164 of the same material as the
capacitive electrode 16 wherein the low resistance film 17 is
laminated. This makes it possible for the liquid crystal display
device to form the convex section 13 utilizing the TFT 5 and
the compensation capacitor 19 formation process, without
increasing the production cost of the liquid crystal display
device.

Furthermore, in the present embodiment, the convex sec-
tion 13 is formed from a layered film made of the films 6a, 7,
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8a,9a,10qa, 11a, 12a, 18a, 174, and 12a of the same material
as all of the plurality of films constituting the TFT 5, and the
films 17a and 16a of the same material as the capacitive
electrode 16 wherein the low resistance film 17 is laminated.
Note, however, that the convex section 13 may be formed
from a layered film made of all or a portion of films of the
same material as the plurality of films constituting the TFT 5,
such as, for example, the lower metal film 6a, the gate insu-
lating film 7, the upper metal film 11a, the second interme-
diate insulating film 18a, and the upper insulating film 12a,
and films 17a and 16a of the same material as the capacitive
electrode 16 wherein the low resistance film 17 is laminated.

Further, the construction of the formation of the compen-
sation capacitor 19 and the convex section 13 of the present
embodiment may also be applied to the above-described
Embodiment 2 as well.

Embodiment 5

FIG. 12 to FIG. 15 illustrate Embodiment 5 of the present
invention. FIG. 12 is plan view of a section of the other
substrate (back substrate) of a liquid crystal display device,
and FIG. 13 is an enlarged cross-sectional diagram corre-
sponding to line XIII-XIII of FIG. 12 of the liquid crystal
display device. Furthermore, in FIG. 12 and FIG. 13, those
items corresponding to the above-described Embodiment 1
are given the same call-outs as Embodiment 1, and descrip-
tions thereof are omitted.

The liquid crystal display device of the present embodi-
ment correspondingly provides on the internal side of the
back substrate 1 provided with the plurality of pixel elec-
trodes 3 a plurality of convex sections 13 formed in a shape
having an area equivalent to a predetermined percentage of
the area of each of the square-shaped electrode segments 34,
3b, and 3¢, such as, for example, 25 to 50% of the area of the
square-shaped electrode segments 3a, 3, and 3¢. Further, the
liquid crystal display device provides first and second reflec-
tive films 23 and 24 for forming a reflective display section
28a and a transmissive display section 284 aside from the
reflective display section 28a, per pixel of the plurality of
pixels 28. The reflective display section 28a reflects and out-
puts to the observation side (the outer surface side of the front
substrate 2) the light incident on the section corresponding to
the convex section 13 on the internal side of the back substrate
1. The transmissive display section 285 transmits and outputs
to the observation side the incident light from the side oppo-
site the observation side (the outer surface side of the back
substrate 1). The other components are the same as those of
the above-described Embodiment 1.

In the present embodiment, the convex section 13 com-
prises a layered film of the same material as that of the
above-described Embodiment 1 and is substantially formed
into a flat top conical shape (a flat top conical shape having a
stepped peripheral surface).

Then, in the present embodiment, the liquid crystal display
device forms the convex section 13 from a layered film made
of films of the same material as all of the plurality of films
constituting the TFT 5. Further, the liquid crystal display
device forms a portion of the plurality of films constituting the
TFT 5 and the formed film of the convex section 13 compris-
ing films of the same material as those films at a film pressure
at which a liquid crystal film pressure d; of the reflective
display section 28a is substantially % a liquid crystal film
pressure d, of the transmissive display section 14b. The con-
vex section 13 comprises the two films the drain electrode
11D and the source electrode 118 of the plurality of films
constituting the TFT 5, and the two films the upper metal film
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11a comprising a metal film of the same material as the drain
electrode 11D and the source electrode 11S and the upper
insulating film 12a comprising an insulating film of the same
material as the overcoat insulating film 12 of the formed film
of the convex section 13. Further, the liquid crystal display
device sets the product And1 of the birefringent anisotropy An
and the liquid crystal film thickness d1 of the liquid crystal of
the reflective display section 28a in which incident light from
the observation side is transmitted back and forth through the
liquid crystal layer 27 and output to the observation side, to
substantially %2 the product And2 of the transmissive display
section 144.

Further, in the present embodiment, of the layered film that
forms the convex section 13, the first and second reflective
films 23 and 24 are formed from the lower metal film 6a
comprising a metal film of the same material as the gate
electrode 6 and the scan line 14 of the TFT 5, and the upper
metal film 11a comprising a metal film of the same material as
the drain electrode 11D and the source electrode 114.

Of these reflective films 23 and 24, the first reflective film
23 comprising the lower metal film 64 is formed into a circu-
lar film having a diameter corresponding to the diameter of
the base section of the convex section 13 of'the flat top conical
shape. Further, the second reflective film 24 comprising the
upper metal film 114 is formed into a circular shape having a
diameter smaller than that of the first reflective film 23. Of the
incident light from the observation side that is transmitted
through the liquid crystal layer 27, the second reflective film
24 reflects onto the observation side the light incident on the
second reflective film 24. Of the incident light from the obser-
vation side that is transmitted through the liquid crystal layer
27, the firstreflective film 23 reflects onto the observation side
the light incident on the outer peripheral section (the section
extending to the periphery of the second reflective film 24) of
the first reflective film 23 via the periphery of the second
reflective film 24.

That is, of the plurality of regions respectively correspond-
ing to each square-shaped electrode segments 3a, 35, and 3¢
of the pixel electrode 3 of the pixel 28, the reflective display
section 28a is formed from the circular region corresponding
to the convex section 13 at the center of these regions. Further,
the transmissive display section 285 is formed from the
region surrounding the reflective display section 28a of the
plurality of regions.

This liquid erystal display device provides the plurality of
pixel electrodes 3, the TFT 5, the scan line 14, the signal line
15, and the plurality of convex sections 13 on the internal side
of the back substrate 1 of the pair of substrates 1 and 2, on the
opposite side of the observation side. Then, the liquid crystal
display device forms the convex section 13 into a shape
having an area of a predetermined percentage of the area of
the pixel 28. The liquid crystal display device provides the
reflective films 23 and 24 for forming per pixel of the plurality
of pixels 28 the reflective display section 28a that reflects and
outputs to the observation side the light incident on the sec-
tion corresponding to the convex section 13 from the obser-
vation side, and the transmissive display section 286 aside
from the reflective display section 28a that transmits and
outputs to the observation side the incident light from the side
opposite the observation side This makes it possible for the
liquid crystal display device to perform reflective display
utilizing outside light, which is the light of the operating
environment of the liquid crystal display device, and trans-
missive display utilizing the light illuminated from a surface
light source (not shown) arranged on the side opposite the
observation side of the liquid crystal display device.
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Further, in the present embodiment, the liquid crystal dis-
play device forms the reflective films 23 and 24 from the
lower metal film 6a comprising a metal film of the same
material as the gate electrode 6 and the scan line 14 of the TFT
5, and the upper metal film 11a comprising a metal film of the
same material as the drain electrode 11D and the source
electrode 118, of the layered film that forms the convex sec-
tion 13. This makes it possible for the liquid crystal display
device to form the reflective films 23 and 24 utilizing the TFT
5 formation process. without increasing the production cost
of the liquid crystal display device.

FIG. 14 is an exemplary cross-sectional diagram showing
the orientation state of the liquid crystal molecules when
voltage is not applied between the electrodes 3 and 20 of a
single pixel 28 of the liquid crystal display device of the
present embodiment. FIG. 15 is an exemplary cross-sectional
diagram showing the orientation state of the liquid crystal
molecules when voltage is applied between the electrodes 3
and 20 of the single pixel 28. Furthermore, in FIG. 14 and
FIG. 15, the convex section 13 is omitted.

As shown in FIG. 14, when voltage is not applied between
the electrodes 3 and 20, the liquid crystal molecule 27a of the
liquid crystal layer 27 is substantially vertically oriented with
respect to the surfaces of the substrates 1 and 2 in regions
other than the section corresponding to the convex section 13
due to the vertical orientation of the vertical alighment films
25 and 26 respectively provided on the internal sides of the
pair of substrates 1 and 2. More specifically, in the section
corresponding to the convex section 13, the liquid crystal
molecule 27a near the convex section 13 of the back substrate
1sideis oriented in such a manner that its long molecular axis
is substantially toward the vertical direction with respect to
the top surface and the peripheral surface ofhe convex section
13. On the other hand, theliquid crystal molecule 274 near the
front substrate 2 is substantially vertically oriented with
respect to the surface of the front substrate 2.

Further, when voltage is applied between the electrodes 3
and 20, the liquid crystal molecule 27a of each region corre-
sponding to each of the plurality of square-shaped electrode
segments 3a, 35, and 3¢ of the pixel electrode 3 is guided by
the electrical potential distribution near the convex section 13
and the behavior of the liquid crystal molecules in the sur-
rounding area of each pixel section. As a result, the liquid
crystal molecule 3a of each region is stably tilted per region
toward the center section from the peripheral border section
of that region, as shown in FIG. 15.

That s, this liquid crystal display device forms the pixel
electrode 3, covering the convex section 13. As a result, the
electric fields respectively generated in each region corre-
sponding to each of the square-shaped electrode segments 3a,
3b, and 3c of the pixel electrode 3 when voltage is applied
between the electrodes 3 and 20 are electric fields in which the
electric potential of the section corresponding to the convex
section 13, with respect to the electric potential of other
sections of the region, is biased toward the front substrate 2
side, as the equipotential line e shows in FIG. 15.

As a result, the liquid crystal molecule 27a, per region
corresponding to each of the square-shaped electrode seg-
ments 3a, 35, and 3¢ of the pixel electrode 3, stably tilts
toward the center section from the peripheral border section
of the region along the equipotential line e, with the section
corresponding to the center of the convex section 13 as the
focal point of the tilting direction.

In consequence, this liquid crystal display device stably
tilts the liquid crystal molecule 27a toward the center section
from the border section of the pixel 28 when voltage is applied
between the electrodes 3 and 20 for each of the plurality of
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pixels 28. This makes it possible for the liquid crystal display
device to display a good quality image without graininess,
with either the reflective display or the transmissive display.

Additionally, the liquid crystal display device forms the
pixel electrode 3, covering the convex section 13. This makes
it possible for the liquid crystal display device to even more
stably tilt the liquid crystal molecule 274 toward the center
section from the border section of the pixel 28 when the
voltage is applied, and thereby display an image of even
higher quality.

Furthermore, while the convex section 13 is formed from a
layered film made of films of the same material as all of the
plurality of films constituting the TFT 5 in the present
embodiment, the convex section 13 may be formed from a
layered film of the same material as that of one of the embodi-
ments shown in FIG. 9, FIG. 10, and FIG. 11.

Further, the liquid crystal display device may form the
convex section 13 from a layered film made of films of the
same material as a portion of the plurality of films constituting
the TFT 5. In this case, the liquid crystal display device forms
the convex section 13 from a layered film that includes at
least, of the plurality of films constituting he TFT 5, the lower
metal film 6a comprising a metal film of the same material as
the gate electrode 6 and the scan line 14, or the upper metal
film 11 a comprising a metal film of the same material as the
drain electrode 11D and the source electrode 118S.

Embodiment 6

FIG. 16 is a plan view of a section of the other substrate
(back substrate) of the liquid crystal display device indicated
in Embodiment 6 of the present invention. The liquid crystal
display device of the present embodiment forms the long and
narrow convex section 13a across the entire length in the
longitudinal direction of the pixel electrode 3 of the above-
described Embodiment 2 into a shape having an area of a
predetermined percentage (25 to 50%, for example) of the
area of the pixel 28. Further, the liquid crystal display device
of the present embodiment provides the convex section 13a
with a structure comprising, similar to the convex section 13
of the above described Embodiment 5, at least one of the first
and second reflective films 23 and 24 for forming per pixel of
the plurality of pixels 28 the reflective display section 28a and
the transmissive display section 285 aside from the reflective
display section 28a.

Furthermore, in the above-described Embodiments 5 and
6, the liquid crystal display device forms the reflective films
23 and 24 from at least one of the metal films forming he
convex sections 13 and 13a. Note that the liquid crystal dis-
play device may form the convex sections 13 and 134 from a
plurality of transparent films, and may provide the reflective
film for forming the reflective display section 28a and the
transmissive display section 284 per pixel of the plurality of
pixels 28 on the outer surface of the back substrate 1.

As discussed above, the liquid crystal display device of the
present invention comprises: a pair of substrates arranged
opposite each other with a gap; at least one opposing elec-
trode formed on an internal side of one of the mutually
opposed pair of substrates, a plurality of pixel electrodes
aligned in a matrix shape on an internal side of he other
substrate, the plurality of pixel electrodes having predefined
regions, opposed to he opposing electrode and defining a
plurality of pixels; a plurality of thin film transistors associ-
ated with the plurality of pixel electrodes on the internal side
of the other substrate, and the plurality of thin film transistors
each connected to the corresponding pixel electrode; a plu-
rality of scan lines and signal lines on the internal side of the
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other substrate, supplying gate signals and data signals to the
thin film transistor; a plurality of convex sections each formed
on the internal side of the other substrate so as to be located
substantially on a center part of each of the plurality of pixels
and protruding farther than he other regions of the pixel
electrodes; vertical alignment films on the respective internal
sides of the pair of substrates; and a liquid crystal layer,
having negative dielectric anisotropy, and interposed in the
gap between the pair of substrates.

In theliquid crystal display device of the present invention,
it is preferable that the pixel electrodes are formed so as to
cover the convex section. More, it is preferable that each of
the plurality of pixel electrodes comprises substantially sepa-
rate electrode segments, and the convex section is located
substantially on a center part of each of the electrode seg-
ments. Preferably, that each of the plurality of pixel electrodes
has a long and narrow rectangular shape, and has a slit divid-
ing the rectangular shape into a plurality of square-shaped
electrode segments aligned in the longitudinal direction and
the convex section is located substantially on a center part of
each of the electrode segments. Preferably, that the convex
section comprises a film stack made up of at least two films of
the same materials as at least two of the plurality of films
constituting a thin film transistor. Preferably, the liquid crys-
tal display device of the present invention further comprising
a capacitive electrode formed on the internal side of the one
substrate and opposed to a peripheral section of each pixel
electrode via an insulating film, the capacitive electrode con-
stituting a compensation capacitor with each of the pixel
electrodes, wherein the convex section comprises a film stack
made up of atleast one film of the same material as at least one
of the films constituting the plurality of thin film transistors
and a film of the same material as the capacitive electrode.
Preferably, the convex section is formed to have a circular
cross-section taken in a plane parallel to the surfaces of the
substrate.

Further, the liquid crystal display device of the present
invention comprises: a pair of substrates arranged opposite
each other with a gap; at least one opposing electrode formed
on an internal side of one of the mutually opposed pair of
substrates, a plurality of pixel electrodes aligned in a matrix
shapeon an internal side of the other substrate, the plurality of
pixel electrodes having predefined regions, opposed to the
opposing electrode and defining a plurality of pixels; a plu-
rality of thin film transistors associated with the plurality of
pixel electrodes on the internal side of the other substrate, and
the plurality of thin film transistors each connected to the
corresponding pixel electrode; a plurality of scan lines and
signal lines on the internal side of the other substrate, supply-
ing gate signals and data signals to the thin film transistor; a
plurality of convex sections each formed on the internal side
of the other substrate so as to be located substantially on a
center part of each ofthe plurality of pixels made up of at least
two films of the same materials as at least two of the plurality
of films constituting a thin film transistor and protruding
toward the one substrate farther than the other regions of
internal side of each of the pixel electrodes; a vertical align-
ment film on the respective internal sides of the pair of sub-
strates; and a liquid crystal layer, having negative dielectric
anisotropy, and interposed in the gap between the pair of
substrates. In the liquid crystal display device, preferably,
each of the plurality of pixel electrodes is formed so as to
cover the convex section. Preferably, each of the plurality of
pixel electrodes comprises a conductive film formed in a long
and narrow rectangular shape. Preferably, each of the plural-
ity of pixel electrodes comprises a conductive film compris-
ing a first, longitudinal axis and a second, transverse axis and
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thereby having a narrow rectangular shape, and the convex
section is located substantially on a center of the first, longi-
tudinal axis and across the entire length of the second, trans-
verse axis. [t is preferable that the liquid crystal display device
further comprising a capacitive electrode formed on the inter-
nal side of the one substrate and opposed to a peripheral
section of each of the plurality of pixel electrodes via an
insulating film, the capacitive electrode constituting a com-
pensation capacitor with each of the pixel electrodes, wherein
the convex section comprises a film stack made up of at least
two films, each of which is of the same material as one of the
films constituting each of the plurality of thin film transistors
and a film constituting the capacitive electrode.

Further, a liquid crystal display device of the present inven-
tion comprises: a pair of substrates arranged opposite each
other with a gap; at least one opposing electrode formed on an
internal side of one ofthe mutually opposed pair of substrates,
a plurality of pixel electrodes aligned in a matrix shape on an
internal side of the other substrate, the plurality of pixel
electrodes having predefined regions, opposed to the oppos-
ing electrode and defining a plurality of pixels; a plurality of
thin film transistors associated with the plurality of pixel
electrodes on the internal side of the other substrate, and the
plurality of thin film transistors each connected to the corre-
sponding pixel electrode; a plurality of scan lines and signal
lines on the internal side of the other substrate, supplying gate
signals and data signals to the thin film transistor; a plurality
of convex sections each formed on the internal side of the
other substrate so as to be located substantially on a center
part of each of the plurality of pixels, having an area of
predetermined ratio with respect to an area of the electrode,
protruding toward the one substrate farther than the other
regions of internal side of each of the pixel electrodes, and
reflecting a light entering from an observation side; a vertical
alignment film on the respective internal sides of the pair of
substrates; and a liquid crystal layer, having negative dielec-
tric anisotropy, and interposed in the gap between the pair of
substrates. Preferably, the convex section comprises a reflec-
tive film making up a reflective display section reflecting a
light entering from the observation side and emitting the
reflected light to the observation side and a transmissive dis-
play section transmitting a light entering from a side opposite
to the observation side and allowing the light to pass there-
through to the observation side. Preferably, each of the plu-
rality of pixel electrodes is formed into a narrow rectangular
shape, and comprises a conductive film divided into a plural-
ity of substantially square-shaped electrode segments, and the
convex section is located substantially on a center part of each
of the electrode segments. Preferably, each of the plurality of
pixel electrodes comprises a conductive film having a slit
dividing the rectangular shape into a plurality of substantially
square-shaped electrode segments aligned in the longitudinal
direction, and the convex section is located substantially on a
center part of each of the electrode segments, and is formed to
have a circular cross-section taken in a plane parallel to the
surfaces of the substrate. Preferably, the convex section com-
prises a film stack made up of at least two films of the same
materials as at least two of the plurality of films constituting
a thin film transistor. The liquid crystal display device of the
present invention comprises a capacitive electrode formed on
the internal side of the one substrate and opposed to a periph-
eral section of each pixel electrode via an insulating film, the
capacitive electrode constituting a compensation capacitor
with each of the pixel electrodes, wherein the convex section
comprises a film stack made up of at least one film of the same
material as one of the films constituting each of the plurality
of thin film transistors and a film of the same material as a film
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constituting the capacitive electrode. Preferably, the reflec-
tive film is formed of at least one of metal films making up the
film stack constituting the convex section. Preferably, each of
the pixel electrodes comprises a conductive film comprising a
first, longitudinal axis and a second, transverse axis and
thereby having a narrow rectangular shape, and the convex
section is located substantially on a center of the first, longi-
tudinal axis and across the entire length of the second, trans-
verse axis.

Various embodiments and changes may be made thereunto
without departing from the broad spirit and scope of the
invention. The above-described embodiments are intended to
illustrate the present invention, not to limit the scope of the
present invention. The scope of the present invention is shown
by the attached claims rather than the embodiment. Various
modifications made within the meaning of an equivalent of
the claims of the invention and within the claims are to be
regarded to be in the scope of the present invention.

This application is based on Japanese Patent Application
No. 2006-263227 filed on Sep. 27, 2006 and including speci-
fication, claims, drawings and summary. The disclosure ofthe
above Japanese Patent Application is incorporated herein by
reference in its entirety.

What is claimed is:

1. A liquid crystal display device comprising:

apair of substrates arranged opposite each other with a gap
therebetween;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates;

a plurality of pixel electrodes aligned in a matrix shape on
an internal side of the other substrate, the plurality of
pixel electrodes having predefined regions, opposed to
the opposing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, wherein each of the plurality of thin film tran-
sistors is connected to a corresponding pixel electrode,
and comprises a plurality of films;

a plurality of scan lines and signal lines provided on the
internal side of the other substrate, which supply gate
signals and data signals to the thin film transistors;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substan-
tially on a center part of each of the plurality of prede-
termined regions provided in each of the plurality of
pixels and protruding farther than the other regions of
the pixel electrodes, wherein each convex section com-
prises a film stack including at least two films of a same
material as at least two of the plurality of films of the thin
film transistors;

vertical alignment films provided on the respective internal
sides of the pair of substrates; and

a liquid crystal layer having negative dielectric anisotropy
and which is interposed in the gap between the pair of
substrates.

2. The liquid crystal display device according to claim 1,
wherein the pixel electrodes are formed so as to cover the
convex sections.

3. The liquid crystal display device according to claim 1,
wherein each of the plurality of pixel electrodes comprises
substantially separate electrode segments, and the convex
sections are respectively located substantially on a center part
of each of the electrode segments.

4. The liquid crystal display device according to claim 1,
wherein each of the plurality of pixel electrodes has a long
and narrow rectangular shape, and has a slit dividing the
rectangular shape into a plurality of square-shaped electrode
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segments aligned in the longitudinal direction, and wherein
the convex sections are respectively located substantially ona
center part of each of the electrode segments.

5. The liquid crystal display device according to claim 1,
further comprising a capacitive electrode formed on the intet-
nal side of the one substrate and opposed to a peripheral
section of each pixel electrode via an insulating film, the
capacitive electrode constituting a compensation capacitor
with each of the pixel electrodes, wherein the film stack
includes a film of a same material as the capacitive electrode.

6. The liquid crystal display device according to claim 1,
wherein each convex section is formed to have a circular
cross-section taken in a plane parallel to the surfaces of the
substrates.

7. A liquid crystal display device comprising:

apair of substrates arranged opposite each other with a gap
therebetween;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates;

a plurality of pixel electrodes aligned in a matrix shape on
an internal side of the other substrate, the plurality of
pixel electrodes having predefined regions, opposed to
the opposing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, wherein each of the plurality of thin film tran-
sistors is connected to a corresponding pixel electrode,
and comprises a plurality of films;

a plurality of scan lines and signal lines provided on the
internal side of the other substrate, which supply gate
signals and data signals to the thin film transistors;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substan-
tially on a center part of each of the plurality of pixels,
wherein each convex section comprises a film stack
including at least two films of a same material as at least
two of the plurality of films of the thin film transistors,
and protrudes toward the one substrate farther than other
regions of an internal side of each of the pixel electrodes;

a vertical alignment film provided on the respective inter-
nal sides of the pair of substrates,

aliquid crystal layer having negative dielectric anisotropy,
and which is interposed in the gap between the pair of
substrates; and

acapacitive electrode formed on the internal side of the one
substrate and opposed to a peripheral section of each of
the plurality of pixel electrodes via an insulating film,
the capacitive electrode constituting a compensation
capacitor with each of the pixel electrodes, wherein a
film constituting the capacitive electrode is of the same
material as the at least two films of the film stack of each
convex section.

8. The liquid crystal display device according to claim 7,
wherein each of the plurality of pixel electrodes is formed so
as to cover the corresponding convex section.

9. The liquid crystal display device according to claim 7,
wherein each of the plurality of pixel electrodes comprises a
conductive film formed in a long and narrow rectangular
shape.

10. The liquid crystal display device according to claim 7,
wherein each of the plurality of pixel electrodes comprises a
conductive film comprising a longitudinal first axis and a
transverse second axis, thereby having a narrow rectangular
shape. and wherein the convex sections are respectively
located substantially on a center of each longitudinal first axis
and across an entire length of each transverse second axis.
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11. A liquid crystal display device comprising:

apair of substrates arranged opposite each other with a gap
therebetween;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates;

a plurality of pixel electrodes aligned in a matrix shape on
an internal side of the other substrate, the plurality of
pixel electrodes having predefined regions, opposed to
the opposing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, wherein each of the plurality of thin film tran-
sistors is connected to a corresponding pixel electrode,
and comprises a plurality of films;

a plurality of scan lines and signal lines provided on the
internal side of the other substrate, supplying gate sig-
nals and data signals to the thin film transistor;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substan-
tially on a center part of each of the plurality of pixels,
having an area of predetermined ratio with respect to an
area of the electrode, protruding toward the one sub-
strate farther than other regions of an internal side of
each of the pixel electrodes, and reflecting a light entet-
ing from an observation side, wherein each convex sec-
tion comprises a film stack including at least two films of
asame material as at least two of the plurality of films of
the thin film transistors;

a vertical alignment film provided on the respective inter-
nal sides of the pair of substrates; and

a liquid crystal layer having negative dielectric anisotropy,
and which is interposed in the gap between the pair of
substrates.

12. The liquid crystal display device according to claim 11,
wherein each convex section comprises a reflective film mak-
ing up a reflective display section which reflects a light enter-
ing from the observation side and which emits the reflected
light to the observation side, and a transmissive display sec-
tion which transmits a light entering from a side opposite to
the observation side and which allows the light to pass there-
through to the observation side.

13. The liquid crystal display device according to claim 11,
wherein each of the plurality of pixel electrodes is formed into
a narrow rectangular shape, and comprises a conductive film
divided into a plurality of substantially square-shaped elec-
trode segments, and wherein the convex sections are respec-
tively located substantially on a center part of each of the
electrode segments.

14.The liquid crystal display device according to claim 11,
wherein each of the plurality of pixel electrodes comprises a
conductive film having a slit dividing the rectangular shape
into a plurality of substantially square-shaped electrode seg-
ments aligned in the longitudinal direction, and wherein the
convex sections are respectively located substantially on a
center part of each of the electrode segments, and are formed
to have a circular cross-section taken in a plane parallel to the
surfaces of the substrate.

15. The liquid crystal display device according to claim 11,
further comprising a capacitive electrode formed on the inter-
nal side of the one substrate and opposed to a peripheral
section of each pixel electrode via an insulating film, the
capacitive electrode constituting a compensation capacitor
with each of the pixel electrodes,

wherein the film stack includes a film of a same material as
a film constituting the capacitive electrode.

16. The liquid crystal display device according to claim 12,

wherein the reflective film is formed of at least one of metal
films included in the film stack of each convex section.
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17. The liquid crystal display device according to claim 11,
wherein each of the pixel electrodes comprises a conductive
film comprising a first, longitudinal first axis and a transverse
second axis, thereby having a narrow rectangular shape, and
wherein the convex sections are respectively located substan-
tially on a center of each longitudinal first axis and across an
entire length of each transverse second axis.

18. A liquid crystal display device comprising:

apair of substrates arranged opposite each other with a gap
therebetween;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates;

a plurality of pixel electrodes aligned in a matrix shape on
an internal side of the other substrate, the plurality of
pixel electrodes having predefined regions, opposed to
the opposing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, wherein each of the plurality of thin film tran-
sistors is connected to a corresponding pixel electrode,
and comprises a plurality of films;

a plurality of scan lines and signal lines provided on the
internal side of the other substrate, which supply gate
signals and data signals to the thin film transistors;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substan-
tially on a center part of each of the plurality of prede-
termined regions provided in each of the plurality of
pixels and protruding farther than the other regions of
the pixel electrodes;

vertical alignment films provided on the respective internal
sides of the pair of substrates;

a liquid crystal layer having negative dielectric anisotropy
and which is interposed in the gap between the pair of
substrates; and

acapacitive electrode formed on the internal side of the one
substrate and opposed to a peripheral section of each
pixel electrode via an insulating film, the capacitive
electrode constituting a compensation capacitor with
each of the pixel electrodes,

wherein the convex section comprises a film stack includ-
ing at least one film of a same material as at least one of
the films of the thin film transistors and a film of a same
material as the capacitive electrode.

19. The liquid crystal display device according to claim 18,
wherein the pixel electrodes are formed so as to cover the
convex sections.

20. The liquid crystal display device according to claim 18,
wherein each of the plurality of pixel electrodes comprises
substantially separate electrode segments, and the convex
sections are respectively located substantially on a center part
of each of the electrode segments.

21. The liquid crystal display device according to claim 18,
wherein each of the plurality of pixel electrodes has a long
and narrow rectangular shape, and has a slit dividing the
rectangular shape into a plurality of square-shaped electrode
segments aligned in the longitudinal direction, and wherein
the convex sections are respectively located substantially ona
center part of each of the electrode segments.

22. The liquid crystal display device according to claim 18,
wherein each convex section is formed to have a circular
cross-section taken in a plane parallel to the surfaces of the
substrates.

23. A liquid crystal display device comprising:

apair of substrates arranged opposite each other with a gap
therebetween;

at least one opposing electrode formed on an internal side
of one of the mutually opposed pair of substrates;

a plurality of pixel electrodes aligned in a matrix shape on
an internal side of the other substrate, the plurality of
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pixel electrodes having predefined regions, opposed to
the opposing electrode and defining a plurality of pixels;

a plurality of thin film transistors associated with the plu-
rality of pixel electrodes on the internal side of the other
substrate, wherein each of the plurality of thin film tran-
sistors is connected to a corresponding pixel electrode,
and comprises a plurality of films;

a plurality of scan lines and signal lines provided on the
internal side of the other substrate, supplying gate sig-
nals and data signals to the thin film transistor;

a plurality of convex sections each formed on the internal
side of the other substrate so as to be located substan-
tially on a center part of each of the plurality of pixels,
having an area of predetermined ratio with respect to an
area of the electrode, protruding toward the one sub-
strate farther than the other regions of internal side of
each of the pixel electrodes, and reflecting a light enter-
ing from an observation side;

a vertical alignment film provided on the respective inter-
nal sides of the pair of substrates;

a liquid crystal layer having negative dielectric anisotropy,
and which is interposed in the gap between the pair of
substrates; and

acapacitive electrode formed on the internal side of the one
substrate and opposed to a peripheral section of each
pixel electrode via an insulating film, the capacitive
electrode constituting a compensation capacitor with
each of the pixel electrodes,

wherein each convex section comprises a film stack includ-
ing at least one film of a same material as one of the films
of the thin film transistors and a film of a same material
as a film of the capacitive electrode.

24.The liquid crystal display device according to claim 23,
wherein each convex section comprises a reflective film mak-
ing up a reflective display section which reflects a light enter-
ing from the observation side and which emits the reflected
light to the observation side, and a transmissive display sec-
tion which transmits a light entering from a side opposite to
the observation side and which allows the light to pass there-
through to the observation side.

25. The liquid crystal display device according to claim 23,
wherein each ofthe plurality of pixel electrodes is formed into
a narrow rectangular shape, and comprises a conductive film
divided into a plurality of substantially square-shaped elec-
trode segments, and wherein the convex sections are respec-
tively located substantially on a center part of each of the
electrode segments.

26. The liquid crystal display device according to claim 23,
wherein each of the plurality of pixel electrodes comprises a
conductive film having a slit dividing the rectangular shape
into a plurality of substantially square-shaped electrode seg-
ments aligned in the longitudinal direction, and wherein the
convex sections are respectively located substantially on a
center part of each of the electrode segments, and are formed
to have a circular cross-section taken in a plane parallel to the
surfaces of the substrates.

27. The liquid crystal display device according to claim 24,
wherein the reflective film is formed of at least one of metal
films included in the film stack of each convex section.

28. The liquid crystal display device according to claim 23,
wherein each of the pixel electrodes comprises a conductive
film comprising a longitudinal first axis and a transverse
second axis, thereby having a narrow rectangular shape, and
wherein the convex sections are respectively located substan-
tially on a center of each longitudinal first axis and across an
entire length of each transverse second axis.
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