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The LCD of the present invention includes a first substrate,
a second substrate, and a vertical alignment type liquid
crystal layer provided therebetween. In each picture element
region, a first electrode provided on the first substrate on the
side of the liquid crystal layer has a solid portion formed of
a conductive film and a non-solid portion with no conductive
film provided. The liquid crystal layer has an orientation
regulated by an inclined electric field produced above the
non-solid portion of the first electrode when a voltage is
applied. A portion of the liquid crystal layer above the solid
portion includes a first region having a first thickness d; and
a second region having a second thickness d, smaller than
the first thickness d; and located near the non-solid portion.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device having a wide viewing angle characteristic
and being capable of producing a high quality display.

[0003]

[0004] In recent years, liquid crystal displays (hereinafter,
referred to as “L.CDs”) have been widely used. Mainstream
LCDs so far have been twisted nematic type LCDs in which
nematic liquid crystal molecules having a positive dielectric
anisotropy are twisted. However, this type of LCDs have a
problem of excessive viewing angle dependence, which is
caused by the orientation of liquid crystal molecules.

[0005] In order to alleviate the viewing angle dependence,
alignment-divided vertical alignment type LCDs have been
developed, and are now used increasingly widely.

[0006] For example, Japanese Patent No. 2947350 dis-
closes an MVA (Multi-domain Vertical Alignment) type
LCD, which is one kind of alignment-divided vertical align-
ment type LCDs. An MVA type LCD displays images in a
normally black (NB) mode using a vertical alignment type
liquid crystal layer which is provided between a pair of
electrodes. The MVA type LCD includes domain-regulating
means (slits or ribs), such that liquid crystal molecules fall
(are inclined) in a plurality of different directions in each
pixel when a voltage is applied.

[0007] Japanese Laid-Open Patent Publication No. 2003-
43525 discloses a CPA (Continuous Pinwheel Alignment)
type LCD, which is one kind of alignment-divided vertical
alignment type LCDs. In a CPA type LCD, a pair of
electrodes face each other with a vertical alignment type
liquid crystal layer interposed therebetween. One of the pair
of electrodes includes a portion having no conductive layer
(openings or cut-out portions), such that liquid crystal mol-
ecules are inclined radially in each pixel when a voltage is
applied.

[0008] Recently, demands for displaying moving picture
information have been rapidly increasing in personal com-
puter monitors and mobile terminal devices (for example,
cellular phones and PDAs) as well as in liquid crystal TVs.
In order to realize high quality display of moving pictures in
an LCD, the response time of the liquid crystal layer needs
to be short (i.c., the response speed of the liquid crystal layer
needs to be high). More specifically, it is required to reach
a predetermined gray level within one-vertical scanning
period (typically, within one frame).

2. Description of the Related Art

[0009] As a driving method for improving the response
characteristic of LCDs, a method of applying a voltage
which is higher than the voltage corresponding to the gray
level to be displayed (the predetermined gray level) is
known. (The voltage higher than the voltage corresponding
to the gray level to be displayed is referred to as an
“overshoot voltage”, and such a method is referred to as an
“overshoot driving”.) An application of an overshoot voltage
(hereinafter, referred to as an “OS voltage™) can improve the
response characteristic in gray scale display. For example,
Japanese Laid-Open Patent Publication No. 2000-231091
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discloses an MVA type LCD which can be driven by
overshoot driving (hereinafter, referred to as an “OS driv-
ing”).

[0010] However, in order to drive an LCD by OS driving
as disclosed in Japanese Laid-Open Patent Publication No.
2000-231091, a frame memory for storing image informa-
tion needs to be additionally provided. This increases the
production cost.

SUMMARY OF THE INVENTION

[0011] In order to overcome the problems described
above, preferred embodiments of the present invention
improve the response characteristic of an alignment-divided
vertical alignment type LCD in a simple manner.

[0012] A first liquid crystal display device according to the
present invention includes a first substrate; a second sub-
strate; and a vertical alignment type liquid crystal layer
provided between the first substrate and the second sub-
strate. A plurality of picture element regions are each defined
by a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and a
second electrode provided on the second substrate and
opposing the first electrode with the liquid crystal layer
therebetween. In each of the plurality of picture element
regions, the first electrode includes a solid portion formed of
a conductive film and a non-solid portion with no conductive
film provided, and the liquid crystal layer has an orientation
which is regulated by an inclined electric field produced
above the non-solid portion of the first electrode when a
voltage is applied between the first electrode and the second
electrode. A portion of the liquid crystal layer above the
solid portion of the first electrode includes a first region
having a first thickness d; and a second region having a
second thickness d, which is smaller than the first thickness
d;, the second region being located in the vicinity of the
non-solid portion. Thus, the above-described objective is
achieved.

[0013] In a preferable embodiment, when a voltage is
applied between the first electrode and the second electrode,
the liquid crystal layer forms a plurality of first liquid crystal
domains each taking a radially-inclined orientation above
the solid portion by the inclined electric field.

[0014] Inapreferable embodiment, the solid portion of the
first electrode includes a plurality of unit solid portions,
above each of which a respective first liquid crystal domain
of the plurality of first liquid crystal domains is formed; and
the second region of the portion of the liquid crystal layer
above the solid portion is located above an edge portion of
at least one unit solid portion of the plurality of unit solid
portions.

[0015] A second liquid crystal display device according to
the present invention includes a first substrate; a second
substrate; and a vertical alignment type liquid crystal layer
provided between the first substrate and the second sub-
strate. A plurality of picture element regions are each defined
by a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and a
second electrode provided on the second substrate and
opposing the first electrode with the liquid crystal layer
therebetween. In each of the plurality of picture element
regions, the first electrode includes a solid portion formed of
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a conductive film and a non-solid portion with no conductive
film provided, and when a voltage is applied between the
first electrode and the second electrode, the liquid crystal
layer forms a plurality of first liquid crystal domains each
taking a radially-inclined orientation above the solid portion
by an inclined electric field produced above the non-solid
portion of the first electrode. The solid portion of the first
electrode includes a plurality of unit solid portions, above
each of which a respective first liquid crystal domain of the
plurality of first liquid crystal domains is formed. A portion
of the liquid crystal layer above at least one unit solid
portion of the plurality of unit solid portions includes a first
region having a first thickness d, and a second region having
a second thickness d, which is smaller than the first thick-
ness d,, the second region being located above an edge
portion of the unit solid portion. Thus, the above-described
objective is achieved.

[0016] In a preferable embodiment, a height of a surface
of a portion of the at least one unit solid portion correspond-
ing to the second region is higher than a height of a surface
of a portion of the at least one unit solid portion correspond-
ing to the first region.

[0017] In a preferable embodiment, the first substrate
includes a transparent substrate and an interlayer insulating
film provided between the transparent substrate and the first
electrode; the interlayer insulating layer includes an inclin-
ing region where a height of one surface thereof closer to the
liquid crystal layer continuously changes; and the edge
portion of the at least one unit solid portion is located on the
inclining region.

[0018] In a preferable embodiment, the interlayer insulat-
ing film includes a flat region where the height of the surface
thereof closer to the liquid crystal laver is substantially
constant; and the portion of the at least one unit solid portion
corresponding to the first region is located on the flat region.

[0019] In a preferable embodiment, the interlayer insulat-
ing film is formed of a photosensitive transparent resin.

[0020] In a preferable embodiment, light incident on the
liquid crystal layer is circularly-polarized light, and display
is provided by modulating the circularly-polarized light by
the liquid crystal layer.

[0021] In a preferable embodiment, an orientation in the
plurality of first liquid crystal domains and an orientation in
a portion of the liquid crystal layer above the non-solid
portion are continuous with each other.

[0022] In a preferable embodiment, the plurality of unit
solid portions each have a shape having rotational symmetry.

[0023] In a preferable embodiment, the plurality of unit
solid portions are each generally circular.

[0024] 1In a preferable embodiment, the plurality of unit
solid portions are each generally rectangular.

[0025] In a preferable embodiment, the plurality of unit
solid portions are each generally rectangular with rounded
corners.

[0026] In a preferable embodiment, the plurality of unit
solid portions each have a shape with acute angle corner
portions.
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[0027] In a preferable embodiment, when a voltage is
applied between the first electrode and the second electrode,
the liquid crystal layer forms at least one second liquid
crystal domain taking a radially-inclined orientation above
the non-solid portion by the inclined electric field.

[0028] In a preferable embodiment, an orientation in the
plurality of first liquid crystal domains and an orientation in
the at least one second liquid crystal domain are continuous
with each other.

[0029] In a preferable embodiment, the non-solid portion
of the first electrode has at least one opening.

[0030] In a preferable embodiment, the at least one open-
ing includes a plurality of openings, and at least a part of the
plurality of openings have substantially the same shape and
substantially the same size and form at least one unit lattice
which is arranged so as to have rotational symmetry.

[0031] In a preferable embodiment, the at least a part of
the plurality of openings each have a shape having rotational
symmetry.

[0032] In a preferable embodiment, the non-solid portion
of the first electrode has at least one cut-out portion.

[0033] Ina preferable embodiment, the at least one cut-out
portion includes a plurality of cut-out portions, and the
plurality of cut-out portions are regularly arranged.

[0034] Ina preferable embodiment, in each of the plurality
of picture element regions, an area of the non-solid portion
of the first electrode is smaller than an area of the solid
portion of the first electrode.

[0035] In a preferable embodiment, the second substrate
has an orientation-regulating structure in a region corre-
sponding to at least one first liquid crystal domain of the
plurality of first liquid crystal domains, the orientation-
regulating structure exerting an orientation-regulating force
for placing the liquid crystal molecules in the at least one
first liquid crystal domain into a radially-inclined orientation
at least in the presence of an applied voltage.

[0036] In a preferable embodiment, the orientation-regu-
lating structure is provided in a region corresponding to a
central portion of the at least one first liquid crystal domain.

[0037] In a preferable embodiment, the orientation-regu-
lating structure exerts an orientation-regulating force for
placing the liquid crystal molecules into a radially-inclined
orientation also in the absence of an applied voltage.

[0038] In a preferable embodiment, the orientation-regu-
lating structure is a protrusion protruding from the second
substrate through the liquid crystal layer.

[0039] In a preferable embodiment, a thickness of the
liquid crystal layer is defined by the protrusion protruding
from the second substrate through the liquid crystal layer.

[0040] In a preferable embodiment, the non-solid portion
of the first electrode is a slit provided in the first electrode.

[0041] A third liquid crystal display device according to
the present invention includes a first substrate; a second
substrate; and a vertical alignment type liquid crystal layer
provided between the first substrate and the second sub-
strate. A plurality of picture element regions are each defined
by a first electrode provided on one surface of the first
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substrate which is closer to the liquid crystal layer and a
second electrode provided on the second substrate and
opposing the first electrode with the liquid crystal layer
therebetween. In each of the plurality of picture element
regions, the first electrode includes a solid portion formed of
a conductive film and a slit, and the liquid crystal layer has
an orientation which is regulated by an inclined electric field
produced above the slit of the first electrode when a voltage
is applied between the first electrode and the second elec-
trode. A portion of the liquid crystal layer above the solid
portion of the first electrode includes a first region having a
first thickness d; and a second region having a second
thickness d, which is smaller than the first thickness d, the
second region being located in the vicinity of the slit. Thus,
the above-described objective is achieved.

[0042] In a preferable embodiment, a height of a surface
of a portion of the solid portion of the first electrode
corresponding to the second region is higher than a height of
a surface of a portion of the solid portion corresponding to
the first region.

[0043] In a preferable embodiment, the first substrate
includes a transparent substrate and an interlayer insulating
film provided between the transparent substrate and the first
electrode; the interlayer insulating layer includes an inclin-
ing region where a height of one surface thereof closer to the
liquid crystal layer continuously changes; and the portion of
the solid portion of the first electrode corresponding to the
second region is located on the inclining region.

[0044] In a preferable embodiment, the interlayer insulat-
ing film includes a flat region where the height of the surface
thereof closer to the liquid crystal laver is substantially
constant; and the portion of the solid portion of the first
electrode corresponding to the first region is located on the
flat region.

[0045] In a preferable embodiment, the interlayer insulat-
ing film is formed of a photosensitive transparent resin.

[0046] In a preferable embodiment, the first substrate
includes a transparent substrate and a color filter layer
provided between the transparent substrate and the first
electrode; the color filter layer includes an inclining region
where a height of one surface thereof closer to the liquid
crystal layer continuously changes; and the portion of the
solid portion of the first electrode corresponding to the
second region is located on the inclining region.

[0047] In a preferable embodiment, the color filter layer
includes a flat region where the height of the surface thereof
closer to the liquid crystal layer is substantially constant; and
the portion of the solid portion of the first electrode corre-
sponding to the first region is located on the flat region.

[0048] In a preferable embodiment, light incident on the
liquid crystal layer is circularly-polarized light, and display
is provided by modulating the circularly-polarized light by
the liquid crystal layer.

[0049] In a preferable embodiment, the liquid crystal
display device further includes a pair of polarization plates
opposing each other with the liquid crystal layer therebe-
tween, the pair of polarization plates have transmission axes
generally perpendicular to each other, one of the transmis-
sion axes is located horizontal to a display plane, and the slit
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is extended in a direction which is inclined with respect to
the one of the transmission axes.

[0050] In a preferable embodiment, the slit is extended in
a direction which makes an angle of about 45° with the one
of the fransmission axes.

[0051] In a preferable embodiment, the second substrate
has an orientation-regulating structure exerting an orienta-
tion-regulating force which is aligned with the orientation-
regulating force provided by the inclined electric field at
least in the presence of an applied voltage.

[0052] In a preferable embodiment, the orientation-regu-
lating structure of the second substrate is a rib.

[0053] 1In a preferable embodiment, the orientation-regu-
lating structure of the second substrate is a slit provided in
the second electrode.

[0054] In a preferable embodiment, the first substrate
further includes a switching element provided in correspon-
dence with each of the plurality of picture element regions;
and the first electrode is a picture element electrode provided
in correspondence with each of the plurality of picture
element regions and electrically connected to the switching
element, and the second electrode is at least one counter
electrode opposing the plurality of picture element elec-
trodes.

[0055] In a preferable embodiment, a portion of the liquid
crystal layer above the solid portion of the picture element
electrode does not have the second region in the vicinity of
an outer periphery of the picture element electrode.

[0056] A fourth liquid crystal display device according to
the present invention includes a first substrate; a second
substrate; and a vertical alignment type liquid crystal layer
provided between the first substrate and the second sub-
strate. A plurality of picture element regions are each defined
by a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and a
second electrode provided on the second substrate and
opposing the first electrode with the liquid crystal layer
therebetween. In each of the plurality of picture element
regions, the first electrode includes a solid portion formed of
a conductive film and a slit, and the liquid crystal layer has
an orientation which is regulated by an inclined electric field
produced above the slit of the first electrode when a voltage
is applied between the first electrode and the second elec-
trode. The first substrate further includes a switching ele-
ment provided in correspondence with each of the plurality
of picture element regions. The first electrode is a picture
element electrode provided in correspondence with each of
the plurality of picture element regions and electrically
connected to the switching element, and the second elec-
trode is at least one counter electrode opposing the plurality
of picture element electrodes. A portion of the liquid crystal
layer above the solid portion of the picture element electrode
includes a first region having a first thickness d, and a
second region having a second thickness d, which is larger
than the first thickness d,, the second region being located
in the vicinity of an outer periphery of the picture element
electrode. Thus, the above-described objective is achieved.

[0057] In a preferable embodiment, a height of a surface
of a portion of the solid portion corresponding to the second
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region is lower than a height of a surface of a portion of the
solid portion corresponding to the first region.

[0058] In a preferable embodiment, the first substrate
includes a transparent substrate and an interlayer insulating
film provided between the transparent substrate and the first
electrode; the interlayer insulating layer includes an inclin-
ing region where a height of one surface thereof closer to the
liquid crystal layer continuously changes; and the portion of
the solid portion corresponding to the second region is
located on the inclining region.

[0059] In a preferable embodiment, the interlayer insulat-
ing film includes a flat region where the height of the surface
thereof closer to the liquid crystal layer is substantially
constant; and the portion of the solid portion corresponding
to the first region is located on the flat region.

[0060] In a preferable embodiment, the interlayer insulat-
ing film is formed of a photosensitive transparent resin.

[0061] In a preferable embodiment, the liquid crystal
display device further includes a pair of polarization plates
opposing each other with the liquid crystal layer therebe-
tween, the pair of polarization plates have transmission axes
generally perpendicular to each other, one of the transmis-
sion axes is located horizontal to a display plane, and the slit
is extended in a direction which is inclined with respect to
the one of the transmission axes.

[0062] In a preferable embodiment, the slit is extended in
a direction which makes an angle of about 45° with the one
of the transmission axes.

[0063] According to the present invention, the liquid crys-
tal layer above a solid portion of a first electrode has a
predetermined thickness distribution. Therefore, the
response characteristic of an alignment-divided vertical
alignment type LCD can be improved in a simple manner.
The present invention is preferably usable to a CPA type
LCD and an MVA type LCD.

[0064] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065] FIG. 1A and FIG. 1B schematically illustrate a
structure of an LCD 100 of the present invention, wherein
FIG. 1A is a plan view, and FIG. 1B is a cross-sectional
view taken along line 1B-1B' of FIG. 1A.

[0066] FIG. 2A and FIG. 2B illustrate a liquid crystal
layer 30 of the LCD 100 in the presence of an applied
voltage thereacross, wherein FIG. 2A schematically illus-
trates a state where an orientation has just started to change
(initial ON state), and FIG. 2B schematically illustrates a
steady state.

[0067] FIG. 3A to FIG. 3D each schematically illustrate
the relationship between an electric force line and an ori-
entation of a liquid crystal molecule.

[0068] FIG. 4A to FIG. 4C each schematically illustrate
an orientation of liquid crystal molecules in the LCD 100 as
viewed in a substrate normal direction.

Oct. 27, 2005

[0069] FIG. 5 is an enlarged cross-sectional view of an
edge portion and the vicinity thereof of a unit solid portion
of the LCD 100.

[0070] FIG. 6A to FIG. 6C schematically illustrate exem-
plary radially-inclined orientations of liquid crystal mol-
ecules.

[0071] FIGS. 7A and 7B are plan views each schemati-
cally illustrating another picture element electrode usable in
an LCD of the present invention.

[0072] FIGS. 8A and 8B arc plan views each schemati-
cally illustrating still another picture element electrode
usable in an LCD of the present invention.

[0073] FIGS. 9A and 9B are plan views each schemati-
cally illustrating still another picture element electrode
usable in an LCD of the present invention.

[0074] FIGS. 10A and 10B are plan views each schemati-
cally illustrating still another picture element electrode
usable in an LCD of the present invention.

[0075] FIG. 11 is a plan view schematically illustrating
still another picture element electrode usable in an LCD of
the present invention.

[0076] FIGS. 12A and 12B are plan views each schemati-
cally illustrating still another picture element electrode
usable in an LCD of the present invention.

[0077] FIG. 13A to FIG. 13E cach schematically illus-
trate a counter substrate 2005 including an orientation-
regulating structure 28.

[0078] FIG. 14A and FIG. 14B schematically illustrate a
CPA type LCD 200 of the present invention, wherein FIG.
14A is a plan view, and FIG. 14B is a cross-sectional view
taken along line 14B-14B' of FIG. 14A.

[0079] FIG. 15A to FIG. 15C are cross-sectional views
schematically illustrating the LCD 200, wherein FIG. 15A
illustrates a state in the absence of an applied voltage, FIG.
15B illustrates a state where an orientation has just started to
change (initial ON state), and FIG. 15C illustrates a steady
state.

[0080] FIG. 16A and FIG. 16B schematically illustrate a
structure of another CPA type LCD 200" of the present
invention, wherein FIG. 16A is a plan view, and FIG. 16B
is a cross-sectional view taken along line 16B-16B' of FIG.
16A.

[0081] FIG. 17A to FIG. 17C are cross-sectional views
schematically illustrating the LCD 200", wherein FIG. 17A
illustrates a state in the absence of an applied voltage, FIG.
17B illustrates a state where an orientation has just started to
change (initial ON state), and FIG. 17C illustrates a steady
state.

[0082] FIG. 18A to FIG. 18C are cross-sectional views
schematically illustrating an LCD including protrusions
(ribs) that function also as spacers, wherein FIG. 18A
illustrates a state in the absence of an applied voltage, FIG.
18B illustrates a state where an orientation has just started to
change (initial ON state), and FIG. 18C illustrates a steady
state.

[0083] FIG. 19 is a cross-sectional view schematically
illustrating protrusions having a side surface whose inclina-
tion angle with respect to the substrate plane significantly
exceeds 90°.
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[0084] FIG. 20 is a cross-sectional view schematically
illustrating a variation of protrusions that function also as
spacers.

[0085] FIG. 21 is a cross-sectional view schematically
showing a basic structure of an MVA type LCD 300 of the
present invention.

[0086] FIG. 22 is a plan view schematically showing a
structure of two picture element regions of the LCD 300 of
the present invention.

[0087] FIG. 23 is a cross-sectional view schematically
showing a structure of the LCD 300 taken along line
23A-23A" of FIG. 22.

[0088] FIG. 24 schematically shows the orientation of
liquid crystal molecules in the vicinity of a slit and in the
vicinity of the outer periphery of a picture element electrode.

[0089] FIG. 25 is a cross-sectional view schematically
showing a basic structure of another MVA type LCD 400 of
the present invention.

[0090] FIG. 26 is a plan view schematically showing a
structure of two picture element regions of the LCD 400 of
the present invention.

[0091] FIG. 27 is a cross-sectional view schematically
showing a structure of the LCD 400 taken along line
27A-27A" of FIG. 26.

[0092] FIG. 28 is a plan view schematically showing a
structure of two picture element regions of still another MVA
type LCD 500 of the present invention.

[0093] FIG. 29 is a cross-sectional view schematically
showing a structure of the LCD 500 taken along line
28A-28A of FIG. 28.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0094] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompa-
nying drawings.

[0095] The following embodiments of the present inven-
tion will be described regarding an active matrix type LCD
using thin film transistors (TFTs) as an example, but the
present invention is not limited thereto and is also applicable
10 an active matrix LCD using an MIM structure or a simple
matrix LCD. The following description will be given regard-
ing a transmission type LCD as an example, but the present
invention is not limited thereto and is also applicable to a
reflection type LCD or a transmission-reflection type LCD.

[0096] Note that in the present specification, a region of an
LCD corresponding to a “picture element”, which is the
minimum unit of display, will be referred to as a “picture
element region”. In a color LCD, a plurality of “picture
elements” including R, G and B “picture elements™ corre-
spond to one “pixel”. In an active matrix type LCD, a picture
element region is defined by a picture element electrode and
a counter electrode opposing the picture element electrode.
In a passive matrix type LCD, a picture element region is
defined as a region where one of column electrodes arranged
in a stripe pattern crosses one of row electrodes also
arranged in a stripe pattern perpendicular to the column
electrodes. In an arrangement with a black matrix, strictly
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speaking, a picture element region is a portion, of each
region across which a voltage is applied according to the
intended display state, that corresponds to an opening of the
black matrix.

Embodiment 1

[0097] The structure of one picture element region of a
CPA type LCD 100 according to the present embodiment
will now be described with reference to FIG. 1A and FIG.
1B. In the following description, a color filter and a black
matrix are omitted for the sake of simplicity. In the figures,
each element having substantially the same function as the
corresponding element in the LCD 100 will be denoted by
the same reference numeral and will not be further
described. FIG. 1A is a plan view illustrating the picture
element region of the LCD 100 as viewed in the substrate
normal direction, and FIG. 1B is a cross-sectional view
taken along line 1B-1B' of FIG. 1A. FIG. 1B illustrates a
state where no voltage is applied across a liquid crystal layer.

[0098] The LCD 100 includes an active matrix substrate
(hereinafier referred to as a “TFT substrate”) 100a, a counter
substrate (referred to also as a “color filter substrate”) 1005,
and a liquid crystal layer 30 provided between the TFT
substrate 100a and the counter substrate 1005. Liquid crystal
molecules 30« of the liquid crystal layer 30 have a negative
dielectric anisotropy, and are aligned vertical to the surface
of a vertical alignment film (not shown), as illustrated in
FIG. 1B, in the absence of an applied voltage across the
liquid crystal layer 30 by virtue of the vertical alignment film
as a vertical alignment layer, which is provided on one
surface of each of the TFT substrate 100z and the counter
substrate 1005 that is closer to the liquid crystal layer 30.
This state is described as the liquid crystal layer 30 being in
a vertical alignment. Note, however, that the liquid crystal
molecules 30a of the liquid crystal layer 30 in a vertical
alignment may slightly incline from the normal to the
surface of the vertical alignment film (the surface of the
substrate) depending upon the type of vertical alignment
film or the type of liquid crystal material used. Generally, a
vertical alignment is defined as a state where the axis of the
liquid crystal molecules (referred to also as the “axial
orientation”) is oriented at an angle of about 85° or more
with respect to the surface of the vertical alignment film.

[0099] The TFT substrate 100z of the LCD 100 includes
a transparent substrate (e.g., a glass substrate) 11 and a
picture element electrode 14 provided on the surface of the
transparent substrate 11. The counter substrate 100b
includes a transparent substrate (e.g., a glass substrate) 21
and a counter electrode 22 provided on the surface of the
transparent substrate 21. The orientation of the liquid crystal
layer 30 changes in each picture element region according to
the voltage applied between the picture element electrode 14
and the counter electrode 22, which are arranged so as to
oppose each other via the liquid crystal layer 30. A display
is produced by utilizing a phenomenon that the polarization
or amount of light passing through the liquid crystal layer 30
changes along with the change in the orientation of the liquid
crystal layer 30.

[0100] Next, the structure and the function of the picture
element electrode 14 provided in the CPA type LCD 100 will
be described.

[0101] As illustrated in FIG. 1A and FIG. 1B, the picture
element electrode 14 includes a solid portion 14a formed of
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a conductive film (e.g., an ITO film or an aluminum film)
and a non-solid portion 145 with no conductive film pro-
vided therein.

[0102] The solid portion 14a includes a plurality of
regions each substantially surrounded by the non-solid por-
tion 14b (each of such regions will be referred to as a “unit
solid portion 14a"). The unit solid portions 14a' have sub-
stantially the same shape and substantially the same size as
one another, and each solid portion 14a" has a generally
circular shape. Typically, the plurality of unit solid portions
14a' are clectrically connected together in each picture
element region.

[0103] The non-solid portion 14b includes a plurality of
openings 141, which have substantially the same shape and
substantially the same size as one another, and are arranged
so that the respective centers thereof form a square lattice
pattern. The unit solid portion 14¢' at the center of the
picture element electrode 14 is substantially surrounded by
four openings 1451 whose respective centers are located at
the four lattice points that form one unit lattice. Each of the
openings 14b1 has a generally star-like shape having four
quarter-arc-shaped sides (edges), with a four-fold rotation
axis at the center among the four sides.

[0104] The non-solid portion 14b further includes a plu-
rality of cut-out portions 14b2. The plurality of cut-out
portions 1462 are located at edge portions of the picture
element region. The cut-out portions 14b2, which are
located in areas corresponding to the sides of the picture
element region, each have a shape corresponding to about a
half of the shape of each opening 14b1. The cut-out portions
1452, which are located in areas corresponding to the
corners of the picture element region, each have a shape
corresponding to about a quarter of the shape of each
opening 14b1. The unit solid portions 14a' which are located
in the edge portions of the picture element region are each
substantially surrounded by the respective cut-out portions
1452 and the respective openings 14b1. The cut-out portions
14b2 are regularly arranged, and the openings 1451 and the
cut-out portions 1452 form unit lattices in the entirety of the
picture element region (1o the end portions thereof). The
openings 14b1 and the cut-out portions 14b2 are formed by
patterning a conductive film which is used for the picture
element electrode 14.

[0105] When a voltage is applied between the picture
element electrode 14 having such a structure as described
above and the counter electrode 22, an inclined electric field
is produced around (near the outer periphery of) the solid
portion 144, i.e., at the edge portion of the non-solid portion
14b, thereby producing a plurality of liquid crystal domains
each taking a radially-inclined orientation. The liquid crystal
domain is produced in each region corresponding to the
opening 1451 and in each region corresponding to the unit
solid portion 144"

[0106] The picture element electrode 14 in this embodi-
ment is square, but the shape of the picture element electrode
14 is not limited thereto. A general shape of the picture
element electrode 14 is close to a rectangle (encompassing
a square and an oblong rectangle), so that the openings 1451
and the cut-out portions 1452 can be regularly arranged in a
square lattice pattern. Even when the picture element elec-
trode 14 is not rectangular, the effects of the present inven-
tion are provided as long as the openings 14b1 and the
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cut-out portions 142 are arranged regularly (e.g., in a
square lattice pattern as described above) such that liquid
crystal domains are formed in the entirety of the picture
element region.

[0107] The mechanism by which liquid crystal domains
are formed by an inclined electric field as described above
will be described with reference to FIG. 2A and FIG. 2B.
FIG. 2A and FIG. 2B each illustrate the liquid crystal layer
30 shown in FIG. 1B with a voltage being applied there-
across. FIG. 2A schematically illustrates a state where the
orientation of the liquid crystal molecules 30z has just
started to change (initial ON state) according to the voltage
applied across the liquid crystal layer 30. FIG. 2B sche-
matically illustrates a state where the orientation of the
liquid crystal molecules 30a has changed and become steady
according to the applied voltage. Curves EQ in FIG. 2A and
FIG. 2B denote equipotential lines.

[0108] When the picture element electrode 14 and the
counter electrode 22 are at the same potential (a state where
no voltage is applied across the liquid crystal layer 30), the
liquid crystal molecules 30a in each picture element region
are aligned vertical to the surfaces of the substrates 11 and

21, as illustrated in FIG. 1B.

[0109] When a voltage is applied across the liquid crystal
layer 30, a potential gradient represented by the equipoten-
tial lines EQ shown in FIG. 2A (perpendicular to the electric
force line) is produced. The equipotential lines EQ, in the
liquid crystal layer 30 located between the solid portion 14a
of the picture element electrode 14 and the counter electrode
22, are parallel to the surfaces of the solid portion 14a and
the counter electrode 22; and drop in a region corresponding
to the non-solid portion 14b of the picture element region.
An inclined electric field represented by an inclined portion
of the equipotential lines EQ is produced in the liquid crystal
layer 30 above an edge portion EG of the non-solid portion
14b (at the peripheral portion of, and within, the non-solid
portion 14b, including the boundary between the solid
portion 144 and the non-solid portion 14b).

[0110] A torque acts upon the liquid crystal molecules 30a
having a negative dielectric anisotropy so as to direct the
axial orientation of the liquid crystal molecules 30a to be
parallel to the equipotential lines EQ (perpendicular to the
electric force ling). Therefore, as indicated by arrows in
FIG. 2A, the liquid crystal molecules 30a above the right
edge portion EG of each non-solid portion 145 incline
(rotate) clockwise, and the liquid erystal molecules 30a
above the left edge portion EG of each non-solid portion 14
incline (rotate) counterclockwise. As a result, the liquid
crystal molecules 30z above the edge portions EG are
oriented parallel to the corresponding portions of the equi-
potential lines EQ.

[0111] Referring to FIG. 3A to FIG. 3D, the change in the
orientation of the liquid crystal molecules 30a will now be
described in greater detail.

[0112] When an electric field is produced in the liquid
crystal layer 30, a torque acts upon the liquid crystal
molecules 30g having a negative dielectric anisotropy so as
to direct the axial orientation thereof to be parallel to an
equipotential line EQ. As illustrated in FIG. 3A, when an
electric field represented by an equipotential line EQ per-
pendicular to the axial orientation of the liquid crystal
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molecule 30a is produced, either a torque urging the liquid
crystal molecule 30a to incline clockwise or a torque urging
the liquid crystal molecule 30a to incline counterclockwise
is produced with the same probability. Therefore, the liquid
crystal layer 30 between the pair of parallel plate-shape
electrodes opposing each other has some liquid crystal
molecules 30a that are subjected to a clockwise torque and
some other liquid crystal molecules 30a that are subjected to
a counterclockwise torque. As a result, the transition to the
intended orientation according to the voltage applied across
the liquid crystal layer 30 may not proceed smoothly.

[0113] When, as illustrated in FIG. 2A, an electric field
represented by a portion of the equipotential lines EQ
inclined with respect to the axial orientation of the liquid
crystal molecules 30z (an inclined electric field) is produced
at the edge portion EG of the non-solid portion 14b of the
LCD 100 of the present invention, the liquid crystal mol-
ecules 30z incline in whichever direction (the counterclock-
wise direction in the illustrated example) that requires less
rotation for the liquid crystal molecules 30z to be parallel to
the equipotential lines EQ, as illustrated in FIG. 3B. The
liquid crystal molecules 30a in a region where an electric
field represented by an equipotential line EQ perpendicular
to the axial orientation of the liquid crystal molecules 30a is
inclined in the same direction as the liquid crystal molecules
30a located on the inclined portion of the equipotential lines
EQ, so that the orientation thereof is continuous (in confor-
mity) with the orientation of the liquid crystal molecules 304
located on the inclined portion of the equipotential lines EQ
as illustrated in FIG. 3C. When, as illustrated in FIG. 3D,
an electric field represented by an equipotential line EQ
having a continuous concave/convex pattern is produced,
the liquid crystal molecules 30a located on a flat portion of
the equipotential line EQ are oriented so as to conform with
the orientation direction defined by the liquid crystal mol-
ecules 30a located on adjacent inclined portions of the
equipotential line EQ. The phrase “being located on an
equipotential line EQ” as used herein means “being located
within an electric field that is represented by the equipoten-
tial line EQ”.

[0114] The change in the orientation of the liquid crystal
molecules 30a, starting from those that are located on the
inclined portion of the equipotential line EQ, proceeds as
described above and reaches a steady state, which is sche-
matically illustrated in FIG. 2B. The liquid crystal mol-
ecules 30a located around the central portion of the opening
14b1 are influenced substantially equally by the respective
orientations of the liquid crystal molecules 30a at the
opposing edge portions EG of the opening 141, and there-
fore retain their orientation perpendicular to the equipoten-
tial lines EQ. The liquid crystal molecules 30a away from
the center of the opening 14b1 incline by the influence of the
orientation of other liquid crystal molecules 30« at the closer
edge portion EG, thereby forming an inclined orientation
that is symmetric about the center SA (FIG. 2B) of the
opening 14b1. The orientation is, as viewed in a direction
perpendicular to the display plane of the LCD 100 (a
direction perpendicular to the surfaces of the substrates 11
and 21), in a state where the liquid crystal molecules 30a
have a radial axial orientation (not shown) about the center
of the opening 14b1. In the present specification, such an
orientation will be referred to as a “radially-inclined orien-
tation”. In addition, a region of the liquid crystal layer 30
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that takes a radially-inclined orientation about a single axis
will be referred to as a “liquid crystal domain”.

[0115] A liquid crystal domain in which the liquid crystal
molecules 30z take a radially-inclined orientation is formed
also in a region corresponding to the unit solid portion 144’
substantially surrounded by the non-solid portion 14b. The
liquid crystal molecules 30a in a region corresponding to the
unit solid portion 144" are influenced by the orientation of
the liquid crystal molecules 30a at each edge portion EG of
the non-solid portion 14b so as to take a radially-inclined
orientation that is symmetric about the center SA of the unit
solid portion 144’ (corresponding to the center of a unit
lattice formed by the non-solid portion 14b).

[0116] The radially-inclined orientation in a liquid crystal
domain formed above the unit solid portion 144" and the
radially-inclined orientation formed above the opening 1451
are continuous with each other, and are both in conformity
with the orientation of the liquid crystal molecules 304 at the
edge portion EG of the non-solid portion 14b. The liquid
crystal molecules 30a in the liquid crystal domain formed
above the opening 14b1 are oriented in the shape of a cone
that spreads upwardly (toward the substrate 100b), and the
liquid crystal molecules 30z in the liquid crystal domain
formed above the unit solid portion 14¢' are oriented in the
shape of a cone that spreads downwardly (toward the
substrate 100a). The orientation in the liquid crystal domain
formed above the unit solid portion 14¢' is also in confor-
mity with the orientation of the liquid crystal molecules 30a
in the liquid crystal layer 30 above the cut-out portion 1452.
As described above, the radially-inclined orientation in a
liquid crystal domain formed above the solid portion 144
and that in a liquid crystal layer formed above the non-solid
portion 14b (including the liquid crystal domain formed
above the opening 14b1) are continuous with each other.
Therefore, no disclination line (orientation defect) is formed
along the boundary therebetween. Thus, a decrease in the
display quality due to occurrence of a disclination line does
not occur.

[0117] In order to alleviate the viewing angle dependence
of the display quality of an LCD in all azimuth angles, the
existence probabilities of the liquid crystal molecules 30a
oriented in various azimuth angle directions preferably have
rotational symmetry, and more preferably have axial sym-
metry, in each picture element region. In other words, the
liquid crystal domains formed in the entirety of the picture
element region are preferably arranged to have rotational
symmetry, and further axial symmetry. However, it is not
absolutely necessary that the liquid crystal domains have
rotational symmetry in the entirety of the picture element
region. It is sufficient as long as the liquid crystal layer in the
picture element region is formed as a set of liquid crystal
domains which are arranged so as to have rotational sym-
metry (or axial symmetry) (e.g., as a set of a plurality of
liquid crystal domains arranged in a square lattice pattern).
Therefore, it is not absolutely necessary for the plurality of
openings 14b1 in the picture element region to be arranged
to have rotational symmetry in the entirety of the picture
element region. It is sufficient as long as the picture element
region includes a set of openings 14b1 which are arranged
so as to have rotational symmetry (or axial symmetry) (e.g.,
as a set of a plurality of openings arranged in a square lattice
pattern). The same is applicable to the unit solid portions
144’ substantially surrounded by the openings 14b1 (and
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also by the cut-out portions 14b2). The shape of each liquid
crystal domain preferably has rotation symmetry and even
axial symmetry, and the shape of each opening 14b1 and
each unit solid portion 144" also preferably have rotation
symmetry and even axial symmetry.

[0118] Note that a sufficient voltage may not be applied
across the liquid crystal layer 30 around the central portion
of the opening 14b1, and as a result, the liquid crystal layer
30 around the central portion of the opening 14b1 may not
contribute to the display. In other words, even if the radially-
inclined orientation of the liquid crystal layer 30 around the
central portion of the opening 1451 is disturbed to some
extent (e.g., even if the central axis is shifted from the center
of the opening 14b1), the display quality may not be
decreased. Therefore, as long as the liquid crystal domain is
formed at least corresponding to a unit solid portion 144/, it
is possible to obtain a continuity of the liquid crystal
molecules in each picture element region and to realize a
wide viewing angle characteristic and a high display quality.

[0119] As described above with reference to FIG. 2A and
FIG. 2B, the picture element electrode 14 of the LCD 100
of the present invention includes a non-solid portion 14b
with no conductive film, and produces, in the liquid crystal
layer 30 in the picture element region, an electric field
represented by equipotential lines EQ having inclined por-
tions. The liquid crystal molecules 30 having a negative
dielectric anisotropy in the liquid crystal layer 30, which are
in a vertical alignment in the absence of an applied voltage,
change the orientation direction thereof, with the change in
the orientation of those liquid crystal molecules 30z located
on the inclined portions of the equipotential lines EQ serving
as a trigger. Thus, a liquid crystal domain having a stable
radially-inclined orientation is formed above the opening
14b1 and the unit solid portion 14a’. A display is produced
by the change in the orientation of the liquid crystal mol-
ecules in the liquid crystal domain, the change occurring
according to the voltage applied across the liquid crystal
layer.

[0120] The shape (as viewed in the substrate normal
direction) and arrangement of the unit solid portions 144/,
the openings 14b1 and the cut-out portions 1462 of the
picture element electrode 14 will be described.

[0121] The display characteristics of an LCD exhibit an
azimuth angle dependence due to the orientation (optical
anisotropy) of the liquid crystal molecules. In order to
reduce the azimuth angle dependence of the display char-
acteristics, it is preferred that the liquid crystal molecules are
oriented in all azimuth angles with substantially the same
probability. More preferably, the liquid crystal molecules in
each picture element region are oriented in all azimuth
angles with substantially the same probability. Therefore,
each unit solid portion 144’ preferably has such a shape that
liquid crystal domains are formed so that the liquid crystal
molecules 30a in each liquid crystal domain corresponding
to the unit solid portion 144’ are oriented in all azimuth
angles with substantially the same probability. More spe-
cifically, the shape of the unit solid portion 14a' preferably
has rotational symmetry (more preferably, symmetry with at
least a two-fold rotation axis) about a symmetry axis ¢xtend-
ing through the center of each unit solid portion 144’ (in the
normal direction). The shape of the opening 14b1 also
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preferably has rotational symmetry, and the openings 1451
are also preferably arranged so as to have rotational sym-
metry.

[0122] It is not absolutely necessary that the unit solid
portions 14a' and the openings 14b1 are arranged to have
rotational symmetry in the entirety of the picture element
region. The liquid crystal molecules 30z can be oriented in
all azimuth angles with substantially the same probability in
the entirety of the picture element region as long as, as
shown in FIG. 1A, the picture element region is formed of
a combination of, for example, a plurality of square lattices
(having symmetry with a four-fold rotation axis) as the
minimum unit.

[0123] The orientation of the liquid crystal molecules 30a
when, as illustrated in FIG. 1A, the generally star-shaped
openings 1451 surrounding the generally circular unit solid
portion 14¢' are arranged in a square lattice pattern will be
described with reference to FIG. 4A to FIG. 4C.

[0124] FIG. 4A to FIG. 4C each schematically illustrate
an orientation of the liquid crystal molecules 30a as viewed
in the substrate normal direction. In figures, such as FIG. 4B
and FIG. 4C, illustrating the orientation of the liquid crystal
molecules 30z as viewed in the substrate normal direction,
a black-spotted end of the liquid crystal molecule 30a drawn
as an ellipse indicates that the liquid crystal molecule 30a is
inclined so that the end is closer than the other end to the
substrate on which the picture element electrode 14 is
provided. This applies to all of the subsequent figures. A
single unit lattice (formed by four openings 14b1) in the
picture element region illustrated in FIG. 1A will be
described below. Cross-sectional views taken along the
respective diagonals of FIG. 4A to FIG. 4C correspond to
FIG. 1B, FIG. 2A and FIG. 2B, respectively, and FIG. 1B,
FIG. 2A and FIG. 2B will also be referred to in the
following description.

[0125] When the picture element electrode 14 and the
counter electrode 22 are at the same potential, i.e., in a state
where no voltage is applied across the liquid crystal layer 30,
the liquid crystal molecules 30a whose orientation direction
is regulated by the vertical alignment layer (not shown)
provided on one side of each of the TFT substrate 100a and
the counter substrate 1005 that is closer to the liquid crystal
layer 30 take a vertical alignment as illustrated in FIG. 4A.

[0126] When an electric field is applied across the liquid
crystal layer 30 so as to produce an electric field represented
by equipotential lines EQ shown in FIG. 2A, a torque acts
upon the liquid crystal molecules 30a having a negative
dielectric anisotropy so as to direct the axial orientation
thereof to be parallel to the equipotential lines EQ. As
described above with reference to FIG. 3A and FIG. 3B, for
the liquid crystal molecules 30a under an electric field
represented by equipotential lines EQ perpendicular to the
molecular axis thereof, the direction in which the liquid
crystal molecules 30g are to incline (rotate) is not uniquely
defined (FIG. 3A). Thus, the orientation change (inclination
or rotation) does not easily occur. In contrast, for the liquid
crystal molecules 30a placed under equipotential lines EQ
inclined with respect to the molecular axis thereof, the
direction of inclination (rotation) is uniquely defined. Thus,
the orientation change easily occurs. Therefore, as illustrated
in FIG. 4B, the liquid crystal molecules 30z start inclining
from the edge portions of the openings 14b1 where the
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molecular axis of the liquid crystal molecules 30g is inclined
with respect to the equipotential lines EQ. Then, as
described above with reference to FIG. 3C, the surrounding
liquid crystal molecules 30a incline so as to conform with
the orientation of the already-inclined liquid crystal mol-
ecules 30z at the edge portions of the openings 1451. Then,
the axial orientation of the liquid crystal molecules 30«
becomes stable as illustrated in FIG. 4C (radially-inclined
orientation).

[0127] As described above, when the shape of the open-
ings 14b1 has rotational symmetry, the liquid crystal mol-
ecules 30¢ in the picture element region successively
incline, starting from the edge portion of each opening 14b1
toward the center of the opening 14b1 upon application of a
voltage. As a result, those liquid crystal molecules 30a
around the center of each opening 14b1, where the respec-
tive orientation-regulating forces from the liquid crystal
molecules 30a at the edge portions are in equilibrium,
remain in a vertical alignment with respect to the substrate
plane. The surrounding liquid crystal molecules 30a are
inclined in a radial pattern about those liquid crystal mol-
ecules 30a around the center of each opening 14b1, with the
degree of inclination gradually increasing as the liquid
crystal molecules 30z are farther from the center of the
opening 14b1.

[0128] The liquid crystal molecules 30g in a region cor-
responding to the generally circular unit solid portion 144’
surrounded by the four generally star-shaped openings 14b1
arranged in a square lattice pattern also incline so as to
conform with the orientation of the liquid crystal molecules
30z that have been inclined by an inclined electric field
produced at the edge portion of each opening 14b1. As a
result, those liquid crystal molecules 30a around the center
of the unit solid portion 14a', where the respective orienta-
tion-regulating forces from the liquid crystal molecules 30«
at the edge portions are in equilibrium, remain in a vertical
alignment with respect to the substrate plane. The surround-
ing liquid crystal molecules 30z are inclined in a radial
pattern about those liquid crystal molecules 30z around the
center of the unit solid portion 14a', with the degree of
inclination gradually increasing as the liquid crystal mol-
ecules 30a are farther from the center of the unit solid
portion 14a’.

[0129] As described above, when liquid crystal domains,
in each of which the liquid crystal molecules 30a take a
radially-inclined orientation, are arranged in a square lattice
pattern, the existence probabilities of the liquid crystal
molecules 30a of the respective axial orientations have
rotational symmetry. As a result, it is possible to realize a
high-quality display without non-uniformity for any viewing
angle. In order to reduce the viewing angle dependence of a
liquid crystal domain taking a radially-inclined orientation,
the liquid crystal domain preferably has a high degree of
rotational symmetry (preferably with at least a two-fold
rotation axis, and more preferably with at least a four-fold
rotation axis).

[0130] As described above, in the LCD 100, each liquid
crystal region includes a non-solid portion 145 including
openings 1451 and cut-out portions 1452. Owing to such a
structure, liquid crystal domains taking a radially-inclined
orientation are formed. As a result, a wide viewing angle can
be provided.
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[0131] Inthe LCD 100 according to the present invention,
as shown in, for example, FIG. 1B, the liquid crystal layer
30 above a unit solid portion 14a' has a first region having
a first thickness d, and a second region having a second
thickness d, which is smaller than the first thickness d;. The
second region is located above an edge portion of the unit
solid portion 144’ (near the outer periphery of the unit solid
portion 14a"), and the first region is located inner to the
second region. In the LCD 100, the cell gap above the edge
portion of the unit solid portion 144’ is smaller than the cell
gap above the remaining portion of the unit solid portion
14a".

[0132] In general, the response speed of liquid crystal
molecules is higher as the thickness of the liquid crystal
layer (cell gap) is smaller because the effect of the electric
field is more significant, and the response time of the liquid
crystal molecules is generally in proportional to the square
of the thickness of the liquid crystal layer. Therefore, the
response speed of the second region having a relatively
small thickness d, is higher than the response speed of the
first region having a relatively large thickness d,. The liquid
crystal molecules 30a in the second region above the edge
portion of the unit solid portion 144" trigger the formation of
a radially-inclined orientation. Therefore, when the response
speed of the liquid crystal molecules 30aq in the second
region is higher, a liquid crystal domain is formed more
quickly. As a result, the response speed of the entirety of the
liquid crystal layer 30 is increased. Thus, the LCD 100
according to the present invention has a superb response
characteristic.

[0133] While the response speed can be further increased
by decreasing the cell gap across the entire picture element
region, it is then necessary to increase the refractive index
anisotropy (An) of the liquid crystal material in order to give
a predetermined retardation to light passing through the
liquid crystal layer 30. With common liquid crystal materi-
als, however, the viscosity increases as the refractive index
anisotropy increases, which cancels out the advantage of an
improved response speed obtained by reducing the cell gap.
Therefore, it is not possible to sufficiently improve the
response speed by simply reducing the thickness of the
liquid crystal layer 30 in the entirety of the picture element
region. In contrast, in the LCD 100 according to the present
invention, the cell gap is reduced only in a portion of the
picture element region (a region corresponding to the edge
portion of the unit solid portion 144'). Thus, the response
speed can be sufficiently improved with no need to increase
the refractive index anisotropy (An) of the liquid crystal
material.

[0134] The effect of improving the response speed is
greater as the thickness d, of the second region is smaller
and also as the difference between the thickness d, of the
first region and the thickness d, of the second region is
greater. Specifically, in order to sufficiently improve the
response speed, the difference between the thickness d; of
the first region and the thickness d, of the second region is
preferably 0.5 um or greater, more preferably 1 um or
greater, and further preferably 1.5 um or greater.

[0135] Itis not absolutely necessary to reduce the cell gap
above the edge portion (thickness d,) of all the unit solid
portions 144" in the picture element region. The effect of
improving the response speed is obtained by reducing the
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cell gap above the edge portion of only a part of the unit
solid portions 14a'. In order to improve the response speed,
however, it is preferable to reduce the cell gap above the
edge portion in as many unit solid portions 14a' as possible
of the picture element region. It is most preferable to reduce
the cell gap above the edge portion in all the unit solid
portions 14a' of the picture element region.

[0136] In the present embodiment, as shown in, for
example, FIG. 1B, the cell gap above the edge portion of the
unit solid portion 14¢' is made smaller by setting a surface
of the edge portion of the unit solid portion 144’ (corre-
sponding to the second region) to be higher than a surface of
the remaining portion of the unit solid portion 14a' (corre-
sponding to the first region). More specifically, an interlayer
insulating film 12 is provided between the picture element
electrode 14 and the transparent substrate 11, and the height
of the surface of the interlayer insulating film 12 is locally
changed, such that the surface of the unit solid portion 144’
formed thereon is higher in the edge portion than in the
remaining portion of the unit solid portion 14a”.

[0137] The interlayer insulating film 12 includes an inclin-
ing region 12a where a height of one surface thereof which
is closer to the liquid crystal layer 30 changes continuously
and a flat region 126 where the height of the surface which
is closer to the liquid crystal layer 30 is substantially
constant. The edge portion (corresponding to the second
region) of the unit solid portion 14a' is located on the
inclining region 124, and the remaining portion (correspond-
ing to the first region) of the unit solid portion 144’ is located
on the flat region 12b.

[0138] Inview ofthe display quality, it is preferred that the
inclination angle of the inclining region 12z of the interlayer
insulating film 12 (the inclination angle with respect to the
surface of the substrate 11) is small. The vertical alignment
film formed on the inclining region 12¢ has an orientation-
regulating force for orienting the liquid crystal molecules
30a vertical to the surface of the vertical alignment film.
Therefore, the liquid crystal molecules 30a on the inclining
region 12¢ are oriented in an inclined direction with respect
to the surface of the substrate 11. At this point, the degree of
inclination of the liquid crystal molecules 30z is larger as the
inclination angle of the inclining region 124 is larger. Since
the orientation-regulating force of the vertical alignment
film acts irrespective of the presence/absence of a voltage
application, light leakage occurs in a black display due to the
inclined liquid crystal molecules 30a above the inclining
region 12a. Therefore, when the inclination angle of the
inclining region 12 is excessively large, the contrast ratio
decreases. Thus, the inclination angle of the inclining region
12a is preferably small, and the interlayer insulating film 12
preferably has a gentle slope. Specifically, the inclination
angle of the inclining region 124 of the interlayer insulating
film 12 with respect to the surface of the substrate 11 is
preferably 30° or less, and more preferably 20° or less.

[0139] Note that if the height of the surface of the unit
solid portion 144' changes continuously across the entire
unit solid portion 144', the retardation of the liquid crystal
layer 30 is no longer constant across the unit solid portion
144', which may deteriorate the display quality. In such a
case, it is difficult to suitably compensate for the phase
difference by using a phase difference compensator or the
like. In the case where the interlayer insulating film 12
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includes the flat region 12b where the height of the surface
which is closer to the liquid crystal layer 30 is substantially
constant as in the present embodiment, generation of such a
problem can be suppressed.

[0140] The interlayer insulating film 12 having a gentle
slope as described above can be formed by, for example,
exposing and developing a photosensitive transparent resin
film using a photomask and then thermally deforming the
film by a heat treatment. Specifically, the interlayer insulat-
ing film 12 shown in FIG. 1B is formed as follows. First, a
photosensitive resin film is formed on a surface of the
transparent substrate 11. Next, the photosensitive resin film
is exposed using a photomask, such that a portion of the film
corresponding to the non-solid portion 14 is unexposed and
a portion of the film corresponding to the solid portion 14a
is exposed to a predetermined amount of light. Then, the film
is developed and heat-treated at a predetermined tempera-
ture. As a result, the shape having a gentle slope as shown
in FIG. 1B is obtained. The above-mentioned exposure
process is performed with such an exposure value that a
portion of the photosensitive resin film corresponding to the
solid portion 14a is not completely removed but partially
remain after the development process. Such an exposure
process is referred to as a “half exposure process”.

[0141] The interlayer insulating film may also be formed
after forming an underlying layer on a portion of the
transparent substrate 11 corresponding to the non-solid
portion 14b. With this method, the interlayer insulating film
is formed such that a part thereof rides on the underlying
layer. As a result, the interlayer insulating film having the
above-mentioned shape is obtained. When the underlying
layer is formed in the same step as, and using the same
material as, the black matrix or the lines, an increase of
production steps can be restricted.

[0142] Inthe LCD 100 in this embodiment, it is preferable
to use a display mode using circularly-polarized light, i.e., a
display mode in which light to be incident upon the liquid
crystal layer 30 is circularly-polarized light and the circu-
larly-polarized light is modulated by the liquid crystal layer
30 to display an image. Hereinafter, the reason will be
described with reference to FIG. 5. FIG. 5 is an enlarged
cross-sectional view illustrating an edge portion of the unit
solid portion 14a' in the presence of an applied voltage.

[0143] Asillustrated in FIG. 5, in the case where the edge
portion of the unit solid portion 14«4’ is formed on an inclined
surface, the orientation continuity between the liquid crystal
molecules 30a above the edge portion of the unit solid
portion 144’ and the liquid crystal molecules 30a above the
non-solid portion 14b may be deteriorated when a voltage is
applied. The liquid crystal molecule 30a above the edge
portion once falls down due to the electric field effect, and
then slowly changes the azimuth angle of its orientation as
indicated by an arrow in FIG. § in order to maintain the
orientation continuity with the adjacent liquid crystal mol-
ecules 30z (in order to be oriented vertical to the sheet of
FIG. 5). Thus, the liquid crystal molecules 30a near the edge
portion exhibit a two-step response behavior in response to
a voltage application. In a display mode using linearly-
polarized light, the second step, in which the azimuth angle
of orientation changes slowly, changes the transmittance
(brightness) and may not provide a sufficient effect of
improving the response speed by locally reducing the cell
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gap above the edge portion of the unit solid portion 14a'. In
a display mode using circularly-polarized light, by contrast,
the change in the azimuth angle of the liquid crystal mol-
ecules 30a does not substantially influence the transmit-
tance. Thus, a great effect of improving the response speed
can be provided.

[0144] Adisplay mode using circularly-polarized light can
be realized by, for example, providing a circular polarization
plate (e.g., a combination of a linear polarization plate and
a A/4 plate) on both sides of the liquid crystal layer 30.

[0145] For the radially-inclined orientation of the liquid
crystal molecules 30, a radially-inclined orientation having
a counterclockwise or clockwise spiral pattern, as illustrated
in FIG. 6B or FIG. 6C respectively, is more stable than the
simple radially-inclined orientation as illustrated in FIG.
6A. The spiral orientation is different from a normal twist
orientation in which the orientation direction of the liquid
crystal molecules 30a spirally changes along the thickness
of the liquid crystal layer 30. In the spiral orientation, the
orientation direction of the liquid crystal molecules 30a does
not substantially change along the thickness of the liquid
crystal layer 30 for a minute region. In other words, the
orientation in a cross section (in a plane parallel to the layer
plane) at any thickness of the liquid crystal layer 30 is as
illustrated in FIG. 6B or FIG. 6C, with substantially no
twist deformation along the thickness of the liquid crystal
layer 30. For a liquid crystal domain as a whole, however,
there may be a certain degree of twist deformation.

[0146] When a material obtained by adding a chiral agent
to a nematic liquid crystal material having a negative
dielectric anisotropy is used, the liquid crystal molecules
30a take a radially-inclined orientation of a counterclock-
wise or clockwise spiral pattern about the opening 1451 or
the unit solid portion 14a’, as illustrated in FIG. 6B or FIG.
6C, respectively, in the presence of an applied voltage.
Whether the spiral pattern is counterclockwise or clockwise
is determined by the type of chiral agent used. Thus, by
controlling the liquid crystal layer 30 above the opening
14b1 or the unit solid portion 14a' into a radially-inclined
orientation of a spiral pattern in the presence of an applied
voltage, the direction of the spiral pattern of the radially-
inclined liquid crystal molecules 30a, about other liquid
crystal molecules 30a standing vertical to the substrate
plane, can be constant in all the liquid crystal domains.
Therefore, it is possible to realize a uniform display without
display non-uniformity. Since the direction of the spiral
pattern around the liquid crystal molecules 30a standing
vertical to the substrate plane is definite, the response speed
upon application of a voltage across the liquid crystal layer
30 is also improved.

[0147] Moreover, when a larger amount of a chiral agent
is added, the orientation of the liquid crystal molecules 30«
changes in a spiral pattern along the thickness of the liquid
crystal layer 30 as in a normal twisted orientation. Where the
orientation of the liquid crystal molecules 30a does not
change in a spiral pattern along the thickness of the liquid
crystal layer 30, the liquid crystal molecules 30z which are
oriented perpendicular or parallel to the polarization axis of
the polarization plate do not give a phase difference to the
incident light. Therefore, incident light passing through a
region of such an orientation does not contribute to the
transmittance. In contrast, where the orientation of the liquid

Oct. 27, 2005

crystal molecules 30a changes in a spiral pattern along the
thickness of the liquid crystal layer 30, the liquid crystal
molecules 30a that are oriented perpendicular or parallel to
the polarization axis of the polarization plate also give a
phase difference to the incident light, and the optical rotatory
power can also be utilized. Therefore, incident light passing
through a region of such an orientation also contributes to
the transmittance. Thus, it is possible to obtain an LCD
capable of producing a bright display.

[0148] FIG. 1A illustrates an example in which the unit
solid portions 144’ each have a generally circular shape and
the openings 14b1 each have a generally star-like shape and
are arranged in a square lattice pattern. However, the shape
of the unit solid portions 144’ and the shape and arrangement
of the openings 14b1 are not limited to those of the example
above.

[0149] FIG. 7A and FIG. 7B are plan views respectively
illustrating the picture element electrodes 14A and 14B
having respective openings 14b1 and the unit solid portions
144’ of different shapes.

[0150] The openings 14b1 and the unit solid portions 144"
of the picture element electrodes 14A and 14B illustrated in
FIG. 7A and FIG. 7B, respectively, are slightly distorted
from the openings 14b1 and the unit solid portions 144’
illustrated in FIG. 1A. The openings 1451 and the unit solid
portions 14a' of the picture element electrodes 14A and 14B
are regularly arranged so as to have a two-fold rotation axis
(not a four-fold rotation axis) to form oblong rectangular
unit lattices. In both of the picture element electrodes 14A
and 14B, the openings 14b1 have a distorted star-like shape,
and the unit solid portions 144’ have a generally elliptical
shape (a distorted circular shape). The picture element
electrodes 14A and 14B also provide an L.CD having a high
display quality and a desirable viewing angle characteristic.

[0151] Moreover, picture element electrodes 14C and 14D
as illustrated in FIG. 8A and FIG. 8B, respectively, are also
usable.

[0152] In the picture element electrodes 14C and 14D,
generally cross-shaped openings 14b1 are arranged in a
square lattice pattern so that each unit solid portion 14a' has
a generally square shape. Of course, these patterns may be
distorted so that there are oblong rectangular unit lattices. As
described above, an L.CD having a high display quality and
a desirable viewing angle characteristic can be obtained
alternatively by regularly arranging the generally rectangu-
lar (encompassing square and oblong rectangular) unit solid
portions 14a’.

[0153] Notably, the shape of the openings 1451 and/or the
unit solid portions 144’ is preferably a circle or an ellipse
than a rectangle, in order to stabilize the radially-inclined
orientation. A conceivable reason for this is that with a
circular or elliptical shape, the edge of each opening 1451
and/or each unit solid portion 14¢' is more continuous
(smooth) and thus the orientation direction of the liquid

crystal molecules 30z changes more continuously
(smoothly).
[0154] In view of the continuity of the orientation direc-

tion of the liquid crystal molecules 30a described above,
picture element electrodes 14E and 14F as illustrated in FIG.
9A and FIG. 9B respectively are also usable. The picture
element electrode 14E illustrated in FIG. 9A is a variation
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of the picture element electrode 14A illustrated in FIG. 1A,
and has openings 14b1 defined only by four arcs. The picture
element electrode 14F illustrated in FIG. 9B is a variation
of the picture element electrode 14D illustrated in FIG. 8B,
and the sides of the openings 14b1 bordered with the unit
solid portions 144" are in an arc. In both of the picture
element electrodes 14E and 14F, the openings 14b1 and the
unit solid portions 14a' are arranged in a square lattice
pattern and have a four-fold rotation axis. Alternatively, as
illustrated in FIG. 7A and FIG. 7B, the openings 14b1 and
the unit solid portions 144" may be distorted to be arranged
in an oblong rectangular lattice pattern and to have a
two-fold rotation axis.

[0155] In view of the response speed, picture element
electrodes 14G and 14H as illustrated in FIG. 10A and FIG.
10B respectively are also usable. The picture element elec-
trode 14G illustrated in FIG. 10A is a variation of the picture
element electrode 14C illustrated in FIG. 8A including
generally square unit solid portions 144'. In the picture
element electrode 14G, the unit solid portions 144’ have a
distorted square shape with acute angle corner portions. In
the picture element electrode 14H illustrated in FIG. 10B,
the unit solid portions 14a' have a generally star-like shape
having eight sides (edges) with a four-fold rotation axis at
the center thereof and also have four acute angle corner
portions. The term “acute angle corner portion” as used
herein refers to a corner or a rounded corner having an angle
less than 90°.

[0156] When the unit solid portions 144’ have acute angle
corner portions as illustrated in FIG. 10A and FIG. 10B, the
number of edge portions in which an inclined electric field
is generated is increased. Therefore, the inclined electric
field acts on a greater number of liquid crystal molecules
30a. The number of liquid crystal molecules 30a that
initially start inclining in response to an electric field is
increased, thereby reducing the amount of time required for
a radially-inclined orientation to be formed entirely across
the picture element region. As a result, the response speed to
the application of a voltage across the liquid crystal layer 30
is improved.

[0157] Moreover, when the unit solid portions 144’ have
acute angle corner portions, the existence probability of the
liquid crystal molecules 30a that are oriented in a particular
azimuth angle direction can be increased (or decreased) as
compared to the case where the unit solid portions 144’ have
a generally circular shape or a generally rectangular shape.
In other words, a high directivity can be introduced to the
existence probabilities of the liquid crystal molecules 30«
oriented in various azimuth angle directions. Therefore,
when an acute angle corner is employed in the unit solid
portions 144' in an LCD including a polarization plate in
which linearly-polarized light is incident upon the liquid
crystal layer 30, it is possible to decrease the existence
probability of the liquid crystal molecules 30a oriented
vertical or horizontal to the polarization axis of the polar-
ization plate, i.e., the liquid crystal molecules 30a that do not
give a phase difference to the incident light. This improves
the light transmittance and realizes a brighter display.

[0158] FIGS.7Aand 7B, 8A and 8B, 9A and 9B, and 10A
and 10B illustrate a structure in which each picture element
region includes a plurality of openings 14b1. Alternatively,
as described with reference to FIG. 1B, a plurality of liquid
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crystal domains can be formed in each picture element
region by providing one opening 1451 in the picture element
region, or by providing only a cut-out portions 14b2 with no
opening 14b1. It is not absolutely necessary to form liquid
crystal domains in region(s) corresponding to the opening(s)
14b1 of the picture element electrode 14. It is sufficient as
long as liquid crystal domains taking a radially-inclined
orientation are formed in correspondence with the solid
portion 1da (unit solid portions 14¢"). With this structure,
even though the liquid crystal domains formed in correspon-
dence with the openings 1451 do not have a radially-inclined
orientation, the continuity of the orientation of the liquid
crystal molecules 30z is realized in the picture element
region. Therefore, the radially-inclined orientation of the
liquid crystal domains provided in correspondence with the
solid portion 14a is stabilized. Especially when, as illus-
trated in FIG. 8A and FIG. 8B, the openings 141 have a
small area, the degree of contribution of the openings 1451
to the display is also small. Therefore, the decrease in the
display quality caused by the absence of the liquid crystal
domains taking a radially-inclined orientation in correspon-
dence with the openings 14b1 is negligible.

[0159] In the above-described examples, the openings
14b1 are generally star-shaped or generally cross-shaped
and the unit solid portions 144" are generally circular,
generally elliptical, generally square (rectangular) or gener-
ally rectangular with rounded corners. Alternatively, the
openings 1451 and the unit solid portions 14a' may be
inverted in a negative/positive manner. FIG. 11 is a plan
view illustrating a picture element electrode 141 having a
pattern in which the openings 14b1 and the unit solid
portions 144’ of the picture element electrode 14 illustrated
in FIG. 1A are inverted in a negative/positive manner. The
picture element electrode 141 illustrated in FIG. 11 has
substantially the same functions and effects as those of the
picture element electrode 14 illustrated in FIG. 1A. FIG.
12A and FIG. 12B respectively illustrate a picture element
electrode 14 and a picture element electrode 14K. The
picture element electrode 14K has a pattern in which the
openings 1451 and the unit solid portions 144’ of the picture
element electrode 14J are inverted in a negative/positive
manner. Where the openings 14b1 and the unit solid portions
14¢' are both generally square as in the case of the picture
element electrodes 14J and 14K, the pattern obtained by the
negative/positive inversion may result in the same pattern as
the pre-inversion pattern.

[0160] Even in the case where the openings 14b1 and the
unit solid portions 144" in FIG. 1B are inverted as illustrated
in FIG. 11, it is preferable to form cut-out portions 1452
(each having a shape corresponding to about a half or a
quarter of each opening 14b1) in the edge portions of the
picture element electrode 14, such that the unit solid portions
144' have rotational symmetry. With such a pattern, the
effect by the inclined electric field is provided in the edge
portions of the picture element region as in the central
portions thereof, which realizes a stable radially-inclined
orientation in the entirety of the picture element region.

[0161] With or without the negative/position inversion,
the length of the boundary between the non-solid portion
14b and the solid portion 14« is the same. No difference is
presented by the difference in these patterns in terms of the
function of generating an inclined electric field. However,
the area ratio of the unit solid portions 144' with respect to
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the entire area of the picture element region may be different
between these patterns. More specifically, the area of the unit
solid portions 144’ for generating an electric field acting on
the liquid crystal molecules 30z in the liquid crystal layer 30
(the area actually having the conductive film) may be
different between these patterns.

[0162] The voltage applied across the liquid crystal
domains formed in correspondence with the openings 14b1
is lower than the voltage applied across the liquid crystal
domains formed in correspondence with the unit solid
portions 144'. Therefore, with a normally black display, the
display provided by the liquid crystal domains in correspon-
dence with the openings 1451 is darker. Thus, it is preferable
1o decrease the area ratio of the non-solid portion 14 and
increase the area ratio of the unit solid portions 14¢' in each
picture element region.

[0163] Now, the relationship between the shape of the unit
solid portions 14a' with the stability of a radially-inclined
orientation and the transmittance value will be described.

[0164] A research by the present inventor revealed that
with the spacing (arrangement pitch) of the unit solid
portions 144" being constant, the orientation stability is
higher as the shape of the unit solid portions 14¢' is closer
to a circle or an ellipse. This is because as the shape of the
unit solid portions 144’ is closer to a circle or an ellipse, the
continuity in the orientation direction of the liquid crystal
molecules 30a in a radially-inclined orientation is higher.

[0165] It was also revealed that the transmittance is higher
as the shape of the unit solid portions 144" is closer to a
rectangle such as a square or an oblong rectangle. This is
because as the shape of the unit solid portions 144’ is closer
to a rectangle, the area ratio of the unit solid portions 144’
is higher, thereby increasing the area of the liquid crystal
layer that is directly influenced by the electric field produced
by the electrodes (the area defined in the plane perpendicular
to the substrate normal direction) and thus increasing the
effective aperture ratio.

[0166] Therefore, the shape of the unit solid portion 144’
can be determined in view of the intended orientation
stability and the intended transmittance.

[0167] When each unit solid portion 144" has a generally
square shape with generally arc-shaped corner portions, as
illustrated in FIG. 9B, it is possible to realize both of a
relatively high orientation stability and a relatively high
transmittance. Of course, substantially the same effects can
be obtained when the unit solid portions 144’ have a gen-
erally rectangular shape with generally arc-shaped corner
portions. Note that due to limitations on the production
process, the corner portions of the unit solid portions 144'
formed of a conductive film may not be arc-shaped strictly
speaking, but may instead be an obtuse polygonal shape (a
shape including a plurality of angles exceeding 90°), and the
corner portions may have a slightly distorted arc shape (e.g.,
a portion of an ellipse) or a distorted polygonal shape,
instead of a quarter-arc shape or a regular polygonal shape
(e.g., a portion of a regular polygon). Alternatively, the
corner portions may have a shape that is a combination of
curves and an obtuse angle. The term “generally arc shape”
as used herein encompasses any of these shapes. Note that
due to similar process-related reasons, the generally-circular
unit solid portions 144’ as illustrated in FIG. 1A may have
a polygonal shape or a distorted shape instead of a strictly
circular shape.
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[0168] For the LCD 100 in this embodiment, the same
structure as that of a known vertical alignment type LCD can
be adopted except that the picture element electrode 14 is
patterned in a predetermined manner so as to include a solid
portion 14¢ and a non-solid portion 14b and that the thick-
ness d, of the liquid crystal layer 30 above the edge portion
of the unit solid portion 14¢' is smaller than the thickness d,
of the liquid crystal layer 30 above the remaining portion of
the unit solid portion 144'. Thus, the LCD 100 can be
produced using a known production method.

[0169] Typically, a vertical alignment film (not shown) as
a vertical alignment layer is provided on one side of each of
the picture element electrode 14 and the counter electrode 22
that 1s closer to the liquid crystal layer 30, so as to vertically
align the liquid crystal molecules having a negative dielec-
tric anisotropy.

[0170] The liquid crystal material may be a nematic liquid
crystal material having a negative dielectric anisotropy. A
guest-host mode LCD can be obtained by adding a dichroic
dye to a nematic liquid crystal material having a negative
dielectric anisotropy. A guest-host mode LCD does not
require a polarization plate.

[0171] A so-called “vertical alignment type LCD”, includ-
ing a liquid crystal layer in which liquid crystal molecules
having a negative dielectric anisotropy are vertically aligned
in the absence of an applied voltage, is capable of displaying
an image in various display modes. For example, a vertical
alignment type LCD may be used in a birefringence mode in
which an image is displayed by controlling the birefringence
of the liquid crystal layer with an electric field, an optical
rotation mode, or in a display mode that is a combination of
an optical rotation mode and a birefringence mode. It is
possible 1o obtain a birefringence-mode LCD by providing
a pair of polarization plates on the outer side (the side away
from the liquid crystal layer 30) of the pair of substrates
(e.g., the TFT substrate and the counter substrate) of any of
the LCDs described above. Moreover, a phase difference
compensator (typically a phase plate) may be provided as
necessary. In order to obtain a superb response characteristic
by suppressing the two-step response behavior, it is prefer-
able to use the display mode using circularly-polarized light
mentioned above.

Embodiment 2

[0172] An LCD of the present embodiment is different
from the LCD 100 of Embodiment 1 in that the counter
substrate includes an orientation-regulating structure.

[0173] FIG. 13A to FIG. 13E cach schematically illus-
trate a counter substrate 2005 having an orientation-regu-
lating structure 28. Each element having substantially the
same function as that in the LCD 100 will be denoted by the
same reference numeral and will not be further described.

[0174] Each of the orientation-regulating structures 28
illustrated in FIG. 13A to FIG. 13E functions to orient the
liquid crystal molecules 30a of the liquid crystal layer 30
into a radially-inclined orientation. Note that the orientation-
regulating structure 28 illustrated in FIG. 13A to FIG. 13D
and that illustrated in FIG. 13E are different in terms of the
direction in which the liquid crystal molecules 30z are to be
inclined.

[0175] The direction in which the liquid crystal molecules
30g are inclined by the orientation-regulating structures 28
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illustrated in FIG. 13A to FIG. 13D is aligned with the
orientation direction of the radially-inclined orientation of
each liquid crystal domain that is formed in a region
corresponding to the unit solid portion 144’ (see, for
example, FIG. 1A and FIG. 1B) of the picture element
electrode 14. In contrast, the direction in which the liquid
crystal molecules 30a are inclined by the orientation-regu-
lating structure 28 illustrated in FIG. 13E is aligned with the
orientation direction of the radially-inclined orientation of
each liquid crystal domain that is formed in a region
corresponding to the opening 14b1 (see, for example, FIG.
1A and FIG. 1B) of the picture element electrode 14.

[0176] The orientation-regulating structure 28 illustrated
in FIG. 13A is formed by an opening 22« of the counter
electrode 22. A vertical alignment film (not shown) is
provided on one surface of the counter substrate 2000 that is
closer to the liquid crystal layer 30.

[0177] The orientation-regulating structure 28 exerts an
orientation-regulating force only in the presence of an
applied voltage. Since the orientation-regulating structure 28
is only required to exert an orientation-regulating force upon
the liquid crystal molecules 30z in each liquid crystal
domain in a radially-inclined orientation formed by the
electrode structure of the TFT substrate 1004, the size of the
opening 22¢ is smaller than the opening 14b1 provided in
the TFT substrate 1004, and is smaller than the unit solid
portion 144’ (sce, for example, FIG. 1A). A sufficient effect
can be obtained, for example, only with an area less than or
equal to one half of that of the opening 1451 or the unit solid
portion 14a'. When the opening 22 of the counter electrode
22 is provided so as to oppose the central portion of the unit
solid portion 14¢' of the picture element electrode 14, the
continuity of the orientation of the liquid crystal molecules
30a increases, and the position of the central axis of the
radially-inclined orientation can be fixed.

[0178] As described above, when a structure exerting an
orientation-regulating force only in the presence of an
applied voltage is employed as the orientation-regulating
structure, substantially all of the liquid crystal molecules
30 of the liquid crystal layer 30 take a vertical alignment in
the absence of an applied voltage. Therefore, when employ-
ing a normally black mode, substantially no light leakage
occurs in a black display, thereby realizing a display with a
desirable contrast ratio.

[0179] However, in the absence of an applied voltage, the
orientation-regulating force is not exerted and thus the
radially-inclined orientation is not formed. Moreover, when
the applied voltage is low, there is only a weak orientation-
regulating force. In a consequence, an after image may be
observed when a considerably large stress is applied upon
the liquid crystal panel.

[0180] Each of the orientation-regulating structures 28
illustrated in FIG. 13B to FIG. 13D exerts an orientation-
regulating force regardless of the presence/absence of an
applied voltage. Thus, a stable radially-inclined orientation
can be obtained at any display gray level, and a high
resistance 1o a stress is provided.

[0181] The orientation-regulating structure 28 illustrated
in FIG. 13B includes a protrusion (rib) 22b that is provided
on the counter electrode 22 so as to protrude into the liquid
crystal layer 30. While there is no particular limitation on the
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material of the protrusion 22b, the protrusion 22b can be
easily formed by using a dielectric material such as a resin.
A vertical alignment film (not shown) is provided on one
surface of the counter substrate 200b that is closer to the
liquid crystal layer 30. The protrusion 22b orients the liquid
crystal molecules 30¢ into a radially-inclined orientation by
virtue of the configuration of the surface thereof (with a
vertical alignment power). It is preferred to use a resin
material that deforms by heat, in which case it is possible to
easily form the protrusion 22b having a slightly-humped
cross section as illustrated in FIG. 13B through a heat
treatment after patterning. The protrusion 22b having a
slightly-humped cross section with a vertex (e.g., a portion
of a sphere) as illustrated in FIG. 13B or a conical protrusion
provides a superb effect of fixing the central position of the
radially-inclined orientation.

[0182] The orientation-regulating structure 28 illustrated
in FIG. 13C is provided as a horizontal alignment surface,
facing the liquid crystal layer 30, that is provided in an
opening (or a depressed portion) 234 in a dielectric layer 23
formed under the counter electrode 22 (i.c., on one side of
the counter electrode 22 that is closer to the substrate 21).
The horizontal alignment surface is provided by forming a
vertical alignment film 24 so as to cover one side of the
counter substrate 2005 that is closer to the liquid crystal
layer 30 but not to cover a region corresponding to the
opening 23a. Alternatively, a horizontal alignment film 25
may be provided only in the opening 23a as illustrated in
FIG. 13D.

[0183] The horizontal alignment film illustrated in FIG.
13D may be provided by, for example, once providing the
vertical alignment film 24 across the entire surface of the
counter substrate 2005, and then selectively irradiating a
portion of the vertical alignment film 24 in the opening 23a
with UV light so as to reduce the vertical alignment power
thereof. The horizontal orientation power required for the
orientation-regulating structure 28 does not have to be so
high that the resulting pretilt angle is as small as that
resulting from an alignment film used in a TN type LCD. For
example, a pretilt angle of 45° or less is sufficient.

[0184] As illustrated in FIG. 13C and FIG. 13D, on the
horizontal orientation surface in the opening 23a, the liquid
crystal molecules 30z are urged to be horizontal with respect
to the substrate plane. As a result, the liquid crystal mol-
ecules 30z form an orientation that is continuous with the
orientation of the surrounding, vertically aligned liquid
crystal molecules 30z on the vertical alignment film 24,
thereby obtaining a radially-inclined orientation as illus-
trated in FIG. 13C and FIG. 13D.

[0185] A radially-inclined orientation can be obtained
only by selectively providing a horizontal orientation sur-
face (e.g., the surface of the electrode, or a horizontal
alignment film) on the flat surface of the counter electrode
22 without providing a depressed portion (that is formed by
the opening in the dielectric layer 23) on the surface of the
counter electrode 22. However, the radially-inclined orien-
tation can be further stabilized by virtue of the surface
configuration of the depressed portion.

[0186] It is preferred to use, for example, a color filter
layer or an overcoat layer of a color filter layer as the
dielectric layer 23 to form the depressed portion in the
surface of the counter substrate 200b that is closer to the
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liquid crystal layer 30, because it does not increase the
number of production steps. In the structures illustrated in
FIG. 13C and FIG. 13D, the light utilization efficiency
decreases very little because there is no region where a
voltage is applied across the liquid crystal layer 30 via the
protrusion 22b unlike in the structure illustrated in FIG.
13B.

[0187] In the orientation-regulating structure 28 illustrated
in FIG. 13E, a depressed portion is formed on one side of
the counter substrate 2005 that is closer to the liquid crystal
layer 30 by using the opening 23« of the dielectric layer 23,
as in the orientation-regulating structure 28 illustrated in
FIG. 13D, and a horizontal alignment film 26 is formed only
in the bottom portion of the depressed portion. Instead of
forming the horizontal alignment film 26, the surface of the
counter electrode 22 may be exposed as illustrated in FIG.
13C.

[0188] An LCD 200 having any of the orientation-regu-
lating structures as described above is shown in FIG. 14A
and FIG. 14B. FIG. 14A is a plan view, and FIG. 14B is a
cross-sectional view taken along line 14A-14A' of FIG.
14A.

[0189] The LCD 200 includes the TFT substrate 100a
having the picture element electrode 14 including a solid
portion 14a and a non-solid portion 14b, and the counter
substrate 200b having the orientation-regulating structure
28. The structure of the TFT substrate 100z is not limited to
the structure illustrated here, but may be any other structure
described above. Moreover, while a structure that exerts an
orientation-regulating force even in the absence of an
applied voltage (FIG. 13B to FIG. 13D and FIG. 13E) will
be used as the orientation-regulating structure 28, the ori-
entation-regulating structure 28 illustrated in FIG. 13B to
FIG. 13D can be replaced with that illustrated in FIG. 13A.

[0190] Among the orientation-regulating structures 28
provided in the counter substrate 2005 of the LCD 200, the
orientation-regulating structure 28 provided around the cen-
ter of a region opposing the solid portion 144 of the picture
element electrode 14 is one of those illustrated in FIG. 13B
to FIG. 13D, and the orientation-regulating structure 28
provided around the center of a region opposing the non-
solid portion 14b of the picture element electrode 14 is the
one illustrated in FIG. 13E.

[0191] With such an arrangement, in the presence of an
applied voltage across the liquid crystal layer 30, i.e., in the
presence of an applied voltage between the picture element
electrode 14 and the counter electrode 22, the direction of
the radially-inclined orientation formed by the unit solid
portion 14a' of the picture element electrode 14 is aligned
with the direction of the radially-inclined orientation formed
by the orientation-regulating structure 28, thereby stabiliz-
ing the radially-inclined orientation. This is schematically
shown in FIG. 15A to FIG. 15C. FIG. 15A illustrates a
state in the absence of an applied voltage, FIG. 15B illus-
trates a state where the orientation has just started to change
(initial ON state) after application of a voltage, and FIG.
15C schematically illustrates a steady state during the volt-
age application.

[0192] As illustrated in FIG. 15A, the orientation-regu-
lating force exerted by the orientation-regulating structure
28 (FIG. 13B to FIG. 13D) acts upon the liquid crystal
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molecules 30z in the vicinity thereof even in the absence of
an applied voltage, thereby forming a radially-inclined ori-
entation.

[0193] When voltage application begins, an electric field
represented by equipotential lines EQ shown in FIG. 15B is
produced (by the electrode structure of the TET substrate
100¢), and a liquid crystal domain in which the liquid crystal
molecules 30z are in a radially-inclined orientation is
formed in each region corresponding to the opening 1451
and each region corresponding to the unit solid portion 144',
and the liquid crystal layer 30 reaches a steady state as
illustrated in FIG. 15C. The inclination direction of the
liquid crystal molecules 30¢ in each liquid crystal domain
coincides with the direction in which the liquid crystal
molecules 30a are inclined by the orientation-regulating
force exerted by the orientation-regulating structure 28 that
is provided in a corresponding region.

[0194] When a stress is applied upon the LCD 200 in a
steady state, the radially-inclined orientation of the liquid
crystal layer 30 once collapses, but upon removal of the
stress, the radially-inclined orientation is restored because of
the orientation-regulating forces by the unit solid portion
144’ and the orientation-regulating structure 28 acting upon
the liquid crystal molecules 30a. Therefore, the occurrence
of an after image due to a stress is suppressed. When the
orientation-regulating force by the orientation-regulating
structure 28 is excessively strong, retardation occurs even in
the absence of an applied voltage due to the radially-inclined
orientation, which may decrease the display contrast ratio.
However, the orientation-regulating force by the orientation-
regulating structure 28 does not have to be strong because it
is only required to have an effect of stabilizing a radially-
inclined orientation formed by an inclined electric field and
fixing the central axis position thereof. Therefore, an orien-
tation-regulating force that would not cause such a degree of
retardation as to deteriorate the display quality is sufficient.

[0195] For example, when the protrusions (ribs) 22b illus-
trated in FIG. 13B are employed, each protrusion 22b may
have a diameter of about 15 um and a height (thickness) of
about 1 um for the unit solid portion 144’ having a diameter
of about 30 um to about 35 um. With such protrusions, a
sufficient orientation-regulating force can be obtained and
the reduction in the contrast ratio due to retardation can be
suppressed to a practical level.

[0196] FIG. 16A and FIG. 16B illustrate another LCD
200" including an orientation-regulating structure.

[0197] The LCD 200' does not have the orientation-regu-
lating structure in a region opposing the opening 1451 of the
picture element electrode 14. Formation of the orientation-
regulating structure 28 illustrated in FIG. 13E which should
be formed in a region opposing the opening 14b1 introduces
difficulties into the process. Therefore, in view of the pro-
ductivity, it is preferred to use only one of the orientation-
regulating structures 28 illustrated in FIG. 13A to FIG.
13D. Particularly, the orientation-regulating structure 28
illustrated in FIG. 13B is preferred because it can be
produced by a simple process.

[0198] Even if no orientation-regulating structure is pro-
vided in a region corresponding to the opening 1451 as in the
LCD 200, substantially the same radially-inclined orienta-
tion as that of the LCD 200 is obtained, as schematically
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illustrated in FIG. 17A to FIG. 17C, and also the stress
resistance thereof is at a practical level.

[0199] In acase where the protrusion 22b as illustrated in
FIG. 13B is employed as the orientation-regulating structure
28, the thickness of the liquid crystal layer 30 may be
defined by the protrusion 22b as illustrated in FIG, 18A. In
other words, the protrusion 22b may function also as a
spacer that controls the cell gap (the thickness of the liquid
crystal layer 30). Such an arrangement is advantageous in
that it is not necessary to separately provide a spacer for
defining the thickness of the liquid crystal layer 30, thereby
simplifying the production process.

[0200] In the illustrated example, the protrusion 22b has a
truncated cone shape with a side surface 2251 that is inclined
by a taper angle 0 less than 90° with respect to the substrate
plane of the substrate 21. When the side surface 22b1 is
inclined by an angle less than 90° with respect to the
substrate plane, the side surface 22b1 of the protrusion 22b
has an orientation-regulating force of the same direction as
that of the orientation-regulating force exerted by the
inclined electric field for the liquid crystal molecules 30a of
the liquid crystal layer 30, thereby functioning to stabilize
the radially-inclined orientation.

[0201] As schematically illusirated in FIG. 18A to FIG.
18C, a radially-inclined orientation similar to that obtained
with the LCD 200' can be obtained also with the protrusion
22b that functions also as a spacer.

[0202] While the protrusion 22b has the side surface 2251
that is inclined by an angle less than 90° with respect to the
substrate plane in the example illustrated in FIG. 18A to
FIG. 18C, the protrusion 22b may alternatively have the
side surface 22b1 that is inclined by an angle of 90° or more
with respect to the substrate plane. In view of the stability of
the radially-inclined orientation, the inclination angle of the
side surface 22b1 preferably does not significantly exceed
90°, and more preferably is less than 90°. Even if the
inclination angle exceeds 90°, as long as it is close to 90° (as
long as it does not significantly exceed 90°), the liquid
crystal molecules 30z in the vicinity of the side surface 22b1
of the protrusion 22b are inclined in a direction substantially
parallel to the substrate plane and thus take a radially-
inclined orientation conforming with the inclination direc-
tion of the liquid crystal molecules 30a at the edge portion,
with only a slight twist. However, if the inclination angle of
the side surface 22b1 of the protrusion 22b significantly
exceeds 90° as illustrated in FIG. 19, the side surface 22561
of the protrusion 22b will have an orientation-regulating
force of the opposite direction to the orientation-regulating
force exerted by the inclined electric field for the liquid
crystal molecules 30z of the liquid crystal layer 30. This may
result in unstable radially-inclined orientation.

[0203] The protrusion 22b that functions also as a spacer
is not limited to a protrusion having a truncated cone shape
as illustrated in FIG. 18A to FIG. 18C. For example, the
protrusion 22b may have a shape as illustrated in FIG. 20
such that the cross section thereof in a plane vertical to the
substrate plane is a part of an ellipse (i.c., a shape such as a
part of an elliptical sphere). In the protrusion 22 illustrated
in FIG. 20, while the inclination angle (taper angle) of the
side surface 22b1 with respect to the substrate plane varies
along the thickness of the liquid crystal layer 30, the
inclination angle of the side surface 22b1 is less than 90°
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regardless of the position along the thickness of the liquid
crystal layer 30. Thus, the protrusion 22b having such a
shape may suitably be used as a protrusion for stabilizing a
radially-inclined orientation.

[0204] It is not necessary that all of the protrusions 2256
provided in regions opposing the unit solid portions 144’
function as spacers. By forming some of the protrusions 22b
to be lower than the other protrusions 22b that function as
spacers, the occurrence of light leakage can be suppressed.

Embodiment 3

[0205] InEmbodiments 1 and 2, a CPAtype LCD to which
the present invention is applied is described. In this embodi-
ment, an MVA type LCD to which the present invention is
applied will be described.

[0206] With reference to FIG. 21, a basic structure of an
MVA type LCD in this embodiment will be described.

[0207] An LCD 300 in this embodiment includes a plu-
rality of picture element regions, each of which includes a
first electrode 44, a second electrode 52 opposing the first
electrode 44, and a vertical alignment type liquid crystal
layer 30 provided between the first electrode 44 and the
second electrode 52. In the vertical alignment type liquid
crystal layer 30, liquid crystal molecules 30a having a
negative dielectric anisotropy are oriented generally vertical
(for example, at an angle of 87° or greater but 90° or less)
to surfaces of the first electrode 44 and the second electrode
52 in an absence of an applied voltage. The vertical align-
ment type liquid crystal layer 30 is typically obtained by
providing a vertical alignment layer (not shown) on one
surface of each of the first electrode 44 and the second
electrode 52 which is closer to the liquid crystal layer 30. In
the case where ribs (protrusions) or the like are provided as
orientation-regulating means, the liquid crystal molecules
30q are oriented generally vertical to a surface of the ribs or
the like which is closer to the liquid crystal layer 30.

[0208] The first electrode 44 has slits 44b, and ribs 53 are
provided on the surface of the second electrode 52 closer to
the liquid crystal layer 30. In each of liquid crystal regions
defined between the slits 44b and the ribs 53, the liquid
crystal molecules 30a receive an orientation-regulating
force by the slits 44b and the rib 53. When a voltage is
applied between the first electrode 44 and the second elec-
trode 52, the liquid crystal molecules 30« fall (are inclined)
in the directions represented by the arrows in FIG. 21.
Namely, in each liquid crystal region, the liquid crystal
molecules 30a are inclined in a uniform direction. Each
liquid crystal region having the liquid crystal molecules 30a
inclined in a uniform direction is also referred to as a “liquid
crystal domain”. In a liquid crystal domain of a CPA type
LCD, the liquid crystal molecules are oriented radially,
whereas in a liquid crystal domain of an MVA type LCD, the
liquid crystal molecules are oriented in one, uniform direc-
tion.

[0209] The slits 44b and the ribs 53 (also collectively
referred to as “orientation-regulating means”; corresponding
to the domain-regulating means described in Japanese Patent
No. 2947350) are provided in a strip pattern in each picture
element region. FIG. 21 is a cross-sectional view of the
LCD 300 taken in a direction perpendicular to the direction
in which the strip-shaped orientation-regulating means is
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extended. On both sides of each orientation-regulating
means, liquid crystal regions (liquid crystal domains) in
which the liquid crystal molecules 30¢ are inclined in
directions different from each other by 180° are formed.

[0210] In the LCD 300, the slits 44b and the ribs 53 are
extended in a strip pattern. When a potential difference is
formed between the first electrode 44 and the second elec-
trode 52, each slit 44b produces an inclined electric field at
an edge portion of the slit 44b so as to orient the liquid
crystal molecules 30aq in a direction perpendicular to the
direction in which the slit 44b is extended. Each rib 53
orients the liquid crystal molecules 30a generally vertical to
a side surface 53a thereof, and thus orients the liquid crystal
molecules 30a generally perpendicular to the direction in
which the rib 53 is extended. The slits 44 and the ribs 53
are provided parallel to each other with a certain gap
interposed therebetween. A liquid crystal region (liquid
crystal domain) is formed between a slit 44b and a rib 53
which are adjacent to each other. Namely, the liquid crystal
layer 30 is subjected to alignment division.

[0211] Next, with reference to FIG. 22 and FIG. 23, the
structure of the LCD 300 will be described more specifically.
FIG. 22 is a plan view schematically showing a structure of
two picture element regions of the LCD 300, and FIG. 23 is
a cross-sectional view of the LCD 300 taken along line
23A-23A' of FIG. 22.

[0212] The LCD 300 includes an active matrix substrate
(hereinafter, referred to as a “TFT substrate™) 300a, a
counter substrate (also referred to as a “color filter sub-
strate”) 300b, and a vertical alignment type liquid crystal
layer 30 provided between the TFT substrate 300z and the
counter substrate 300b.

[0213] The TFT substrate 300¢ includes a transparent
substrate (for example, a glass substrate) 41. On one surface
of the transparent substrate 41 which is closer to the liquid
crystal layer 30, gate bus lines (scanning lines; not shown),
source bus lines (signal lines; not shown) and TFTs (not
shown) are provided. An interlayer insulating film (trans-
parent resin film) 42 covers the gate bus lines, the source bus
lines and the TFTs. On the interlayer insulating film 42, the
picture element electrode (first electrode) 44 is provided for
each picture element region. The picture element electrode
44 is electrically connected to a corresponding TFT. In this
example, the interlayer insulating film 42 is formed of a
transparent resin film having a thickness of 1.5 ym or greater
but 3.5 um or less. Owing to such a structure, the picture
element electrode 44 can partially overlap a gate bus line
and/or a source bus line. This advantageously improves the
numerical aperture.

[0214] The picture element ¢lectrode 44 includes a portion
formed of a conductive film (i.c., a solid portion) 44a and a
strip-shaped slit (i.e., a non-solid portion) 44b. The surface
of the picture element electrode 44 which is closer to the
liquid crystal layer 30 is substantially entirely covered with
a vertical alignment film (not shown). As shown in FIG. 22,
the slits 44b are extended in a strip pattern, and have a
uniform width (the size in a direction perpendicular to the
direction in which the slits 44b are extended). The slits 44b
adjacent to each other are parallel with a uniform gap
(pitch).

[0215] The counter substrate 300b has a transparent sub-
strate (for example, a glass substrate) 51. The counter
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electrode (second electrode) 52 is provided on the transpar-
ent substrate 51. The ribs 53 are provided on the counter
electrode 52. The surface of the counter electrode 52 which
is closer to the liquid crystal layer 30, including the ribs 53b,
is substantially entirely covered with a vertical alignment
film (not shown). As shown in FIG. 22, the ribs 53 are
extended in a strip pattern, and have a uniform width (the
size in a direction perpendicular to the direction in which the
ribs 53 are extended). The ribs 53 adjacent to each other are
parallel. Each rib 53 is provided so as to divide a gap
between two slits 44b adjacent thereto generally equally into
two.

[0216] A strip-shaped liquid crystal region is defined
between a strip-shaped slit 44b and a strip-shaped rib 53
provided parallel to each other. The orientation direction of
the liquid crystal molecules 30« in each liquid crystal region
is regulated by the slit 44b and the rib 53 defining the liquid
crystal region. On both sides of each slit 44 and on both sides
of each rib 53, liquid crystal regions in which the liquid
crystal molecules 30z are inclined in directions different
from each other by 180° are formed. In the LCD 300, as
shown in FIG. 22, the slits 44b and the ribs 53 are extended
in two directions which are different from each other by 90°.
Thus, each picture element region includes four types of
liquid crystal regions (liquid crystal domains), in which the
orientation direction of the liquid crystal molecules 30a are
different from one another by 90°. The arrangement of the
slits 44b and the ribs 53 is not limited to the above-described
arrangement, but this arrangement can provide a superb
viewing angle characteristic.

[0217] A pair of polarization plates (not shown) provided
externally to the TFT substrate 3002 and the counter sub-
strate 3005 are arranged such that the transmission axes
thereof are generally perpendicular to each other (in a cross
Nicols state). It is preferable to provide the polarization
plates such that the transmission axis of each polarization
plate makes an angle of 45° with the orientation direction of
the liquid crystal molecules 30z in each of the four types of
liquid crystal regions having orientation directions different
by 90°. With such an arrangement, a change in retardation
caused by the liquid crystal region can be utilized most
efficiently. In other words, it is preferable to provide the
polarization plates such that the transmission axis of each
polarization plate makes an angle of about 45° with the
direction in which the slits 445 and the ribs 53 are extended.
In the case of a display apparatus, the viewing direction to
which is often moved horizontally with respect to the
display plane, such as a TV, the polarization plates are
preferably provided such that one of the transmission axes is
horizontal with respect to the display plane, in order to
suppress the viewing angle dependence of the display qual-

1ty.

[0218] The MVA type LCD 300 having the above-de-
scribed structure can display images with a superb viewing
angle characteristic. In addition, in the LCD 300 according
to the present invention, as shown in FIG. 23, a portion of
the liquid crystal layer 30 which is above the solid portion
44a of the picture element electrode 44 includes a first
region having a first thickness d, and a second region having
a second thickness d, which is smaller than the first thick-
ness d,. The second region is located in the vicinity of the
slit 44b, more specifically, between the first region and the
slit 44b. The response speed of the second region having a
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relatively small thickness d, is higher than the response
speed of the first region having a relatively large thickness
d;. The liquid crystal molecules 30z in the second region
located in the vicinity of the slit 44b trigger the formation of
a liquid crystal domain. Therefore, when the response speed
of the liquid crystal molecules 30z in the vicinity of the slit
44b is higher, a liquid crystal domain is formed more
quickly. As a result, the response speed of the entire liquid
crystal layer 30 is increased. Thus, the LCD 300 according
to the present invention has a superb response characteristic.

[0219] According to the present invention, the cell gap is
not reduced in the entire picture element region but is
reduced only in a portion thereof. Therefore, the response
speed can be sufficiently improved with no need to increase
the refractive index anisotropy (An) of the liquid crystal
material. Specifically, in order to sufficiently improve the
response speed, the difference between the thickness d; of
the first region and the thickness d, of the second region is
preferably 0.5 um or greater, more preferably 1 um or
greater, and further preferably 1.5 um or greater.

[0220] In this embodiment, as shown in FIG. 23, the cell
gap in the vicinity of the slit 44b is made smaller by setting
a surface of a portion of the solid portion 44« in the vicinity
of the slit 44b (corresponding to the second region) to be
higher than a surface of the remaining portion of the solid
portion 44a (corresponding to the first region). More spe-
cifically, an interlayer insulating film 42 is provided between
the picture element electrode 44 and the transparent sub-
strate 41, and the height of the surface of the interlayer
insulating film 42 is locally changed, such that the surface of
the solid portion 44a formed thereon is higher in the portion
in the vicinity of the slit 44b than in the remaining portion.

[0221] The interlayer insulating film 42 includes an inclin-
ing region 42a where a height of one surface thereof which
is closer to the liquid crystal layer 30 changes continuously
and a flat region 42b where the height of the surface thereof
which is closer to the liquid crystal layer 30 is substantially
constant. The portion of the solid portion 44¢ in the vicinity
of the slit 44b (corresponding to the second region) is
located on the inclining region 424, and the remaining
portion of the solid portion 44a (corresponding to the first
region) is located on the flat region 42b.

[0222] In view of the display quality, the inclination angle
of the inclining region 42a of the interlayer insulating film
42 (the inclination angle with respect to the surface of the
substrate 41) is preferably small, and the interlayer insulat-
ing film 42 preferably has a gentle slope. Specifically, the
inclination angle of the inclining region 424 of the interlayer
insulating film 42 with respect to the surface of the substrate
41 is preferably 30° or less, and more preferably 20° or less.

[0223] Note that if the height of the surface of the solid
portion 44a changes continuously across the entire solid
portion 444, the retardation of the liquid crystal layer 30 is
no longer constant across the solid portion 44a, which may
deteriorate the display quality. In such a case, it is difficult
to suitably compensate for the phase difference by using a
phase difference compensator or the like. In the case where
the interlayer insulating film 42 includes the flat region 42b
where the height of the surface thereof which is closer to the
liquid crystal layer 30 is substantially constant, as in the
present embodiment, generation of such a problem can be
suppressed.
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[0224] The interlayer insulating film 42 having a gentle
slope as described above can be formed by, for example,
treating a photosensitive transparent resin film with a half
€Xposure process.

[0225] In this embodiment, the liquid crystal layer 30
above the solid portion 444 of the picture element electrode
44 includes the second region having a relatively small
thickness d, in the vicinity of the slit 44b, but not in the
vicinity of an outer periphery of the picture element elec-
trode 44. With such a structure, the orientation in the liquid
crystal layer 30 can further be stabilized and the response
speed can be further improved. The reason for this will be
described with reference to FIG. 24.

[0226] FIG. 24 schematically shows the orientation of the
liquid crystal layer 30g in the vicinity of the slit 44 and in
the vicinity of an outer periphery 44E of the picture element
electrode 44. Among the liquid crystal molecules 30a above
the solid portion 444 of the picture element electrode 44, the
liquid crystal molecules 30z in the vicinity of the slit 44b are
influenced by the inclined electric field to be inclined in a
direction perpendicular to the direction in which the slit 44b
is extended. By contrast, the liquid crystal molecules 30a
influenced by the inclined electric field in the vicinity of the
outer periphery 44E of the picture element electrode 44 are
inclined in a different direction from those in the vicinity of
the slit 44b. Namely, the liquid crystal molecules 30z in the
vicinity of the outer periphery 44E of the picture element
electrode 44 are inclined in a direction different from the
predetermined direction which is defined by the orientation-
regulating force of the slit 44b, and thus disturb the orien-
tation of the liquid crystal molecules 30 in the liquid crystal
domain. Thus, if the cell gap in the vicinity of the outer
periphery 44E of the picture element electrode 44 is reduced
as the cell gap in the vicinity of the slit 445, the orientation-
regulating force acting to disturb the orientation of the liquid
crystal molecules 30a in the liquid crystal domain is
strengthened. As a result, the orientation in the liquid crystal
domain is unstabilized and the response characteristic is
deteriorated. By contrast, with a structure of this embodi-
ment, in which the cell gap in the vicinity of the outer
periphery 44E of the picture element electrode 44 is not
reduced, the orientation can be stabilized and the response
characteristic can be improved.

[0227] In this embodiment, a display mode using linearly-
polarized light is used. Alternatively, a display mode using
circularly-polarized light may be used in order to suppress
the influence of the two-step response behavior described
above with reference to FIG. 5.

Embodiment 4

[0228] A basic structure of an MVA type LCD 400 in this
embodiment will be described with reference to FIG, 25.

[0229] Whereas the LCD 300 shown in FIG. 21 has the
slits 44b and the ribs 53 as the orientation-regulating means,
the LCD 400 in this embodiment has slits 62 and slits 74b
as the orientation-regulating means. When a potential dif-
ference is formed between a first electrode 62 and a second
electrode 74, each of the slits 62b and the slits 74b produces
an inclined electric field in a portion of the liquid crystal
layer 30 in the vicinity thereof so as to orient the liquid
crystal molecules 30a in a direction perpendicular to the
direction in which the slits 62b and the slits 74b are
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extended. The slits 62b and the slits 74b are provided
parallel to each other with a certain gap interposed therebe-
tween. A liquid crystal region (liquid crystal domain) is
formed between a slit 62b and a slit 74b which are adjacent
to each other. An MVA type LCD including the slits 62b and
the slits 74b as the orientation-regulating means, such as the
LCD 400, is also referred to as a PVA (Patterned Vertical
Alignment) type LCD.

[0230] Next, with reference to FIG. 26 and FIG. 27, the
structure of the LCD 400 will be described more specifically.
FIG. 26 is a plan view schematically showing a structure of
two picture element regions of the LCD 400, and FIG. 27 is
a cross-sectional view of the LCD 400 taken along line
27A-27A’ of FIG. 26.

[0231] The LCD 400 includes an active matrix substrate
(hereinafter, referred to as a “TFT substrate”) 400a, a
counter substrate (also referred to as a “color filter sub-
strate”) 400b, and a vertical alignment type liquid crystal
layer 30 provided between the TFT substrate 400z and the
counter substrate 400b.

[0232] The TFT substrate 400 includes a transparent
substrate (for example, a glass substrate) 71. On the surface
of the transparent substrate 71 which is closer to the liquid
crystal layer 30, gate bus lines (scanning lines; not shown),
source bus lines (signal lines; not shown) and TFTs (not
shown) are provided. An interlayer insulating film (trans-
parent resin film) 72 covers the gate bus lines, the source bus
lines and the TFTs. On the interlayer insulating film 72, the
picture element electrode (second electrode) 74 is provided
for each picture element region. The picture element elec-
trode 74 is electrically connected to a corresponding TFT.

[0233] The picture element electrode 74 includes a portion
formed of a conductive film (i.e., a solid portion) 74a and a
strip-shaped slit (i.c., a non-solid portion) 74b. One surface
of the picture element electrode 74 which is closer to the
liquid crystal layer 30 is substantially entirely covered with
a vertical alignment film (not shown). As shown in FIG. 26,
the slits 74b are extended in a strip pattern, and have a
uniform width (the size in a direction perpendicular to the
direction in which the slits 74b are extended). The slits 74b
adjacent to each other are parallel with a uniform gap

(pitch).

[0234] The counter substrate 400b has a transparent sub-
strate (for example, a glass substrate) 61. A color filter layer
65 is provided on the transparent substrate 61. The counter
electrode (first electrode) 62 is provided on the color filter
layer 65. The counter electrode 62, like the picture element
electrode 74, includes a portion formed of a conductive film
(ie., a solid portion) 62z and a strip-shaped slit (ic., a
non-solid portion) 62b. One surface of the counter electrode
62 which is closer to the liquid crystal layer 30 is substan-
tially entirely covered with a vertical alignment film (not
shown). As shown in FIG. 26, the slits 62b are extended in
a strip pattern, and have a uniform width (the size in a
direction perpendicular to the direction in which the slits 625
are extended). The slits 625 adjacent to each other are
parallel. Each slit 62b is provided so as to divide a gap
between two slits 74b adjacent thereto generally equally into
Wo.

[0235] A strip-shaped liquid crystal region is defined
between a strip-shaped slit 625 and a strip-shaped slit 74b
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provided parallel to each other. The orientation direction of
the liquid crystal molecules 30« in each liquid crystal region
is regulated by the slit 62b and the slit 74b defining the liquid
crystal region. On both sides of each slit 62b and on both
sides of each slit 74b, liquid crystal regions in which the
liquid crystal molecules 30a are inclined in directions dif-
ferent from each other by 180° are formed. In the LCD 400,
as shown in FIG. 26, the slits 626 and the slits 74b are
extended in two directions which are different from each
other by 90°. Thus, each picture element region includes
four types of liquid crystal regions (liquid crystal domains),
in which the orientation direction of the liquid crystal
molecules 30a are different from one another by 90°. The
arrangement of the slits 625 and the slits 74b is not limited
to the above-described arrangement, but this arrangement
can provide a superb viewing angle characteristic.

[0236] A pair of polarization plates (not shown) provided
externally to the TFT substrate 400z and the counter sub-
strate 4005 are arranged such that the transmission axes
thereof are generally perpendicular to each other (in a cross
Nicols state). It is preferable to provide the polarization
plates such that the transmission axis of each polarization
plate makes an angle of 45° with the orientation direction of
the liquid crystal molecules 30a in each of the four types of
liquid crystal regions having orientation directions different
by 90°. With such an arrangement, a change in retardation
caused by the liquid crystal region can be utilized most
efficiently. In other words, it is preferable to provide the
polarization plates such that the transmission axis of each
polarization plate makes an angle of about 45° with the
direction in which the slits 62b and the slits 74b are
extended. In the case of a display apparatus, the viewing
direction to which is often moved horizontally with respect
to the display plane, such as a TV, the polarization plates are
preferably provided such that one of the transmission axes is
horizontal with respect to the display plane, in order to
suppress the viewing angle dependence of the display qual-

1ty.

[0237] The MVA type LCD 400 having the above-de-
scribed structure can display images with a superb viewing
angle characteristic. In addition, in the LCD 400 according
to the present invention, as shown in FIG. 27, a portion of
the liquid crystal layer 30 which is above the solid portion
624 of the counter electrode 62 includes a first region having
a first thickness d; and a second region having a second
thickness d, which is smaller than the first thickness d,. The
second region is located in the vicinity of the slit 62b, more
specifically, between the first region and the slit 62b. The
response speed of the second region having a relatively
small thickness d, is higher than the response speed of the
first region having a relatively large thickness d,. The liquid
crystal molecules 30¢ in the second region located in the
vicinity of the slit 62b trigger the formation of a liquid
crystal domain. Therefore, when the response speed of the
liquid crystal molecules 30z in the vicinity of the slit 62b is
higher, a liquid crystal domain is formed more quickly. As
a result, the response speed of the entire liquid crystal layer
30 is increased. Thus, the LCD 400 according to the present
invention has a superb response characteristic.

[0238] According to the present invention, the cell gap is
not reduced in the entire picture element region but is
reduced only in a portion thereof. Therefore, the response
speed can be sufficiently improved with no need to increase
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the refractive index anisotropy (An) of the liquid crystal
material. Specifically, in order to sufficiently improve the
response speed, the difference between the thickness d; of
the first region and the thickness d, of the second region is
preferably 0.5 um or greater, more preferably 1 um or
greater, and further preferably 1.5 um or greater.

[0239] In this embodiment, as shown in FIG. 27, the cell
gap in the vicinity of the slit 62b is made smaller by setting
a surface of a portion of the solid portion 62¢ in the vicinity
of the slit 626 (corresponding to the second region) to be
higher, from the transparent substrate 61, than a surface of
the remaining portion of the solid portion 62a (correspond-
ing to the first region). More specifically, the height of the
color filter layer 65 provided between the counter electrode
62 and the transparent substrate 61 is locally changed, such
that the surface of the solid portion 62a formed thereon is
higher in the portion in the vicinity of the slit 62b than in the
remaining portion from the transparent substrate 61.

[0240] The color filter layer 65 includes an inclining
region 65a where a height of one surface thereof which is
closer to the liquid crystal layer 30 changes continuously
and a flat region 65b where the height of the surface thereof
which his closer to the liquid crystal layer 30 is substantially
constant. The portion of the solid portion 65« in the vicinity
of the slit 62b (corresponding to the second region) is
located on the inclining region 65«, and the remaining
portion of the solid portion 62¢ (corresponding to the first
region) is located on the flat region 65b.

[0241] In view of the display quality, the inclination angle
of the inclining region 654 of the color filter layer 65 (the
inclination angle with respect to the surface of the substrate
61) is preferably small, and the color filter layer 65 prefer-
ably has a gentle slope. Specifically, the inclination angle of
the inclining region 65a of the color filter layer 65 with
respect to the surface of the substrate 61 is preferably 30° or
less, and more preferably 20° or less.

[0242] Note that if the height of the surface of the solid
portion 62a changes continuously across the entire solid
portion 624, the retardation of the liquid crystal layer 30 is
no longer constant across the solid portion 624, which may
deteriorate the display quality. In such a case, it is difficult
1o suitably compensate for the phase difference by using a
phase difference compensator or the like. In the case where
the color filter layer 63 includes the flat region 650 where the
height of the surface which is closer to the liquid crystal
layer 30 is substantially constant, as in the present embodi-
ment, generation of such a problem can be suppressed.

[0243] The color filter layer 65 having a gentle slope as
described above can be formed by, for example, treating a
photosensitive transparent resin film containing a pigment
with a half exposure process. Alternatively, the color filter
layer 65 as described above may be obtained by first forming
an underlying layer on a portion of the transparent substrate
61 corresponding to the non-solid portion 625 and then
forming a color filter layer thereon.

[0244] In this embodiment, the cell gap in the vicinity of
the slit 625 of the counter electrode 62 is reduced. Alterna-
tively, the cell gap in the vicinity of the slit 74b of the picture
element electrode 74 may be reduced, or both the cell gap in
the vicinity of the slit 62b of the counter electrode 62 and the
cell gap in the vicinity of the slit 74b of the picture element
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electrode 74 may be reduced. For further improving the
response characteristic, it is preferable to reduce both the
cell gap in the vicinity of the slit 62b of the counter electrode
62 and the cell gap in the vicinity of the slit 74b of the
picture element electrode 74. For restricting an increase in
the number of production steps and thus the production cost,
it is preferable to reduce one of the cell gaps.

Embodiment 5

[0245] A MVA type LCD 500 in this embodiment will be
described with reference to FIG. 28 and FIG. 29. FIG. 28
is a plan view schematically showing a structure of two
picture element regions of the LCD 500, and FIG. 29 is a
cross-sectional view of the LCD 500 taken along line
29A-29A" of FIG. 28.

[0246] The MVA type LCD 500 in this embodiment has
slits 84b and ribs 93 as the orientation-regulating means. The
basic orientation mechanism is the same as that of the LCD
300 shown in FIG. 21.

[0247] The LCD 500 includes a TFT substrate 500z, a
counter substrate 500b, and a vertical alignment type liquid
crystal layer 30 provided between the TFT substrate 5004
and the counter substrate 500b. The TFT substrate 500a
includes a transparent substrate (for example, a glass sub-
strate) 81, an interlayer insulating film (transparent resin
film) 82, and a picture element electrode 84. The picture
element electrode 84 includes a portion formed of a con-
ductive film (i.c., a solid portion) 84a and a strip-shaped slit
(i.e., a non-solid portion) 84b. The counter substrate 5005
includes a transparent substrate (for example, a glass sub-
strate) 91. A counter electrode 92 is provided on the trans-
parent substrate 91, and the ribs 93 are provided on the
counter electrode 92.

[0248] The planar positional relationship between the slits
84b and the ribs 93b (the positional relationship when seen
in the substrate normal direction) is the same as that of the
slits 44b and the ribs 53 of the LCD 300. When a voltage is
applied, four types of liquid crystal regions (liquid crystal
domains) are formed, in which the orientation direction of
the liquid crystal molecules 30z are different from one
another by 90°.

[0249] A portion of the liquid crystal layer 30 which is
above the solid portion 844 of the picture element electrode
84 includes a first region having a first thickness d; and a
second region having a second thickness d, which is larger
than the first thickness d, . The second region is located in the
vicinity of the outer periphery of the picture element elec-
trode 84, and the first region is located inner to the second
region. Namely, in the LCD 500, the cell gap in the vicinity
of the outer periphery of the picture element electrode 84 is
selectively made large.

[0250] As described above with reference to FIG. 24, the
liquid crystal molecules 30a in the vicinity of the outer
periphery of the picture element electrode would be inclined
in a direction different from the predetermined direction
defined by the orientation-regulating force of the slits 84b
and thus disturb the orientation of the liquid crystal mol-
ecules 30q in the liquid crystal domain. In this embodiment,
however, the thickness of the liquid crystal layer 30 in the
vicinity of the outer periphery of the picture element elec-
trode 84 is selectively made large. This structure can weaken
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the orientation-regulating force in the vicinity of the outer
periphery of the picture element electrode 84 (which is not
aligned with the orientation-regulating force provided by the
slits 84b). As a result, the orientation can be stabilized and
the response characteristic can be improved.

[0251] As a technique for reducing the orientation-regu-
lating force in the vicinity of the outer periphery of the
picture element electrode 84, it is conceivable to reduce the
pitch of the picture element electrodes 84. However, this
increases the possibility of shortcircuiting occurring
between adjacent picture element electrodes 84, and thus
declines the reliability of the LCD. By contrast, the LCD 500
according to the present invention does not have such a
problem.

[0252] The effect of reducing the orientation-regulating
force in the vicinity of the outer periphery of the picture
element electrode 84 is greater as the thickness d, of the
second region is greater and also as the difference between
the thickness d, of the first region and the thickness d, of the
second region is greater. Specifically, in order to sufficiently
weaken the orientation-regulating force in the vicinity of the
outer periphery of the picture element electrode 84, the
difference between the thickness d, of the first region and the
thickness d, of the second region is preferably 0.5 um or
greater, more preferably 1 um or greater, and further pref-
erably 1.5 um or greater.

[0253] In this embodiment, as shown in FIG. 29, the cell
gap in the vicinity of the outer periphery of the picture
element electrode 84 is made larger by setting a surface of
a portion of the solid portion 84 in the vicinity of the outer
periphery of the picture element electrode 84 (corresponding
to the second region) to be lower than a surface of the
remaining portion of the solid portion 84a (corresponding to
the first region). More specifically, the height of the inter-
layer insulating film 82 provided between the picture ele-
ment electrode 84 and the transparent substrate 81 is locally
changed, such that the surface of the solid portion 84«
formed thereon is lower in the portion in the vicinity of the
outer periphery of the picture element electrode 84 than in
the remaining portion.

[0254] The interlayer insulating film 82 includes an inclin-
ing region 82a where a height of one surface thereof which
is closer to the liquid crystal layer 30 changes continuously
and a flat region 82b where the height of the surface thereof
which is closer to the liquid crystal layer 30 is substantially
constant. The portion of the solid portion 84¢ in the vicinity
of the outer periphery of the picture element electrode 84
(corresponding to the second region) is located on the
inclining region 824, and the remaining portion of the solid
portion 84 (corresponding to the first region) is located on
the flat region 82b.

[0255] In view of the display quality, the inclination angle
of the inclining region 82a of the interlayer insulating film
82 (the inclination angle with respect to the surface of the
substrate 81) is preferably small, and the interlayer insulat-
ing film 82 preferably has a gentle slope. Specifically, the
inclination angle of the inclining region 824 of the interlayer
insulating film 82 with respect to the surface of the substrate
81 is preferably 30° or less, and more preferably 20° or less.

[0256] Note that if the height of the surface of the solid
portion 84a changes continuously across the entire solid
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portion 844, the retardation of the liquid crystal layer 30 is
no longer constant across the solid portion 84a, which may
deteriorate the display quality. In such a case, it is difficult
to suitably compensate for the phase difference by using a
phase difference compensator or the like. In the case where
the interlayer insulating film 82 includes the flat region 82b
where the height of the surface which is closer to the liquid
crystal layer 30 is substantially constant, as in the present
embodiment, generation of such a problem can be sup-
pressed.

[0257] The interlayer insulating film 82 having a gentle
slope as described above can be formed by, for example,
treating a photosensitive transparent resin film with a half
€XpOSUre Process.

[0258] According to the present invention, the response
characteristic of an alignment-divided vertical alignment
type LCD can be improved in a simple manner. The present
invention is preferably usable in a CPA type LCD and an
MVA type LCD.

[0259] While the present invention has been described
with respect to preferred embodiments thereof, it will be
apparent to those skilled in the art that the disclosed inven-
tion may be modified in numerous ways and may assume
many embodiments other than those specifically described
above. Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within the
true spirit and scope of the invention.

[0260] This non-provisional application claims priority
under 35 USC § 119(a) on Patent Application No. 2004-
129248 filed in Japan on Apr. 26, 2004, the entire contents
of which are hereby incorporated by reference.

What is claimed is:
1. Aliquid crystal display device, comprising:

a first substrate;
a second substrate; and

a vertical alignment type liquid crystal layer provided
between the first substrate and the second substrate,

wherein:

a plurality of picture element regions are each defined by
a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and
a second electrode provided on the second substrate
and opposing the first electrode with the liquid crystal
layer therebetween;

in each of the plurality of picture element regions, the first
electrode includes a solid portion formed of a conduc-
tive film and a non-solid portion with no conductive
film provided, and the liquid crystal layer has an
orientation which is regulated by an inclined electric
field produced above the non-solid portion of the first
electrode when a voltage is applied between the first
electrode and the second electrode; and

a portion of the liquid crystal layer above the solid portion
of the first electrode includes a first region having a first
thickness d; and a second region having a second
thickness d, which is smaller than the first thickness d,,
the second region being located in the vicinity of the
non-solid portion.
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2. The liquid crystal display device according to claim 1,
wherein when a voltage is applied between the first electrode
and the second electrode, the liquid crystal layer forms a
plurality of first liquid crystal domains each taking a radi-
ally-inclined orientation above the solid portion by the
inclined electric field.

3. The liquid crystal display device according to claim 2,
wherein:

the solid portion of the first electrode includes a plurality
of unit solid portions, above each of which a respective
first liquid crystal domain of the plurality of first liquid
crystal domains is formed; and

the second region of the portion of the liquid crystal layer
above the solid portion is located above an edge portion
of at least one unit solid portion of the plurality of unit
solid portions.

4. A liquid crystal display device, comprising:

a first substrate;
a second substrate; and

a vertical alignment type liquid crystal layer provided
between the first substrate and the second substrate,

wherein:

a plurality of picture element regions are each defined by
a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and
a second electrode provided on the second substrate
and opposing the first electrode with the liquid crystal
layer therebetween;

in each of the plurality of picture element regions, the first
electrode includes a solid portion formed of a conduc-
tive film and a non-solid portion with no conductive
film provided, and when a voltage is applied between
the first electrode and the second electrode, the liquid
crystal layer forms a plurality of first liquid crystal
domains each taking a radially-inclined orientation
above the solid portion by an inclined electric field
produced above the non-solid portion of the first elec-
trode;

the solid portion of the first electrode includes a plurality
of unit solid portions, above each of which a respective
first liquid crystal domain of the plurality of first liquid
crystal domains is formed; and

a portion of the liquid crystal layer above at least one unit
solid portion of the plurality of unit solid portions
includes a first region having a first thickness d; and a
second region having a second thickness d, which is
smaller than the first thickness d,, the second region
being located above an edge portion of the unit solid
portion.

5. The liquid crystal display device according to claim 3,
wherein a height of a surface of a portion of the at least one
unit solid portion corresponding to the second region is
higher than a height of a surface of a portion of the at least
one unit solid portion corresponding to the first region.

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

the first substrate includes a transparent substrate and an
interlayer insulating film provided between the trans-
parent substrate and the first electrode;
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the interlayer insulating layer includes an inclining region
where a height of one surface thereof closer to the
liquid crystal layer continuously changes; and

the edge portion of the at least one unit solid portion is
located on the inclining region.
7. The liquid crystal display device according to claim 6,
wherein:

the interlayer insulating film includes a flat region where
the height of the surface thereof closer to the liquid
crystal layer is substantially constant; and

the portion of the at least one unit solid portion corre-

sponding to the first region is located on the flat region.

8. The liquid crystal display device according to claim 6,
wherein the interlayer insulating film is formed of a photo-
sensitive transparent resin.

9. The liquid crystal display device according to claim 3,
wherein light incident on the liquid crystal layer is circu-
larly-polarized light, and display is provided by modulating
the circularly-polarized light by the liquid crystal layer.

10. The liquid crystal display device according to claim 3,
wherein an orientation in the plurality of first liquid crystal
domains and an orientation in a portion of the liquid crystal
layer above the non-solid portion are continuous with each
other.

11. The liquid crystal display device according to claim 3,
wherein the plurality of unit solid portions each have a shape
having rotational symmetry.

12. The liquid crystal display device according to claim
11, wherein the plurality of unit solid portions are each
generally circular.

13. The liquid crystal display device according to claim
11, wherein the plurality of unit solid portions are each
generally rectangular.

14. The liquid crystal display device according to claim
11, wherein the plurality of unit solid portions are each
generally rectangular with rounded corners.

15. The liquid crystal display device according to claim
11, wherein the plurality of unit solid portions each have a
shape with acute angle corner portions.

16. The liquid crystal display device according to claim 2,
wherein when a voltage is applied between the first electrode
and the second electrode, the liquid crystal layer forms at
least one second liquid crystal domain taking a radially-
inclined orientation above the non-solid portion by the
inclined electric field.

17. The liquid crystal display device according to claim
16, wherein an orientation in the plurality of first liquid
crystal domains and an orientation in the at least one second
liquid crystal domain are continuous with each other.

18. The liquid crystal display device according to claim 2,
wherein the non-solid portion of the first electrode has at
least one opening.

19. The liquid crystal display device according to claim
18, wherein the at least one opening includes a plurality of
openings, and at least a part of the plurality of openings have
substantially the same shape and substantially the same size
and form at least one unit lattice which is arranged so as to
have rotational symmetry.

20. The liquid crystal display device according to claim
19, wherein the at least a part of the plurality of openings
each have a shape having rotational symmetry.
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21. The liquid crystal display device according to claim 2,
wherein the non-solid portion of the first electrode has at
least one cut-out portion.

22. The liquid crystal display device according to claim
21, wherein the at least one cut-out portion includes a
plurality of cut-out portions, and the plurality of cut-out
portions are regularly arranged.

23. The liquid crystal display device according to claim 2,
wherein in each of the plurality of picture element regions,
an area of the non-solid portion of the first electrode is
smaller than an area of the solid portion of the first electrode.

24. The liquid crystal display device according to claim 2,
wherein the second substrate has an orientation-regulating
structure in a region corresponding to at least one first liquid
crystal domain of the plurality of first liquid crystal domains,
the orientation-regulating structure exerting an orientation-
regulating force for placing the liquid crystal molecules in
the at least one first liquid crystal domain into a radially-
inclined orientation at least in the presence of an applied
voltage.

25. The liquid crystal display device according to claim
24, wherein the orientation-regulating structure is provided
in a region corresponding to a central portion of the at least
one first liquid crystal domain.

26. The liquid crystal display device according to claim
24, wherein the orientation-regulating structure exerts an
orientation-regulating force for placing the liquid crystal
molecules into a radially-inclined orientation also in the
absence of an applied voltage.

27. The liquid crystal display device according to claim
26, wherein the orientation-regulating structure is a protru-
sion protruding from the second substrate through the liquid
crystal layer.

28. The liquid crystal display device according to claim
27, wherein a thickness of the liquid crystal layer is defined
by the protrusion protruding from the second substrate
through the liquid crystal layer.

29. The liquid crystal display device according to claim 1,
wherein the non-solid portion of the first electrode is a slit
provided in the first electrode.

30. A liquid crystal display device, comprising:

a first substrate;
a second substrate; and

a vertical alignment type liquid crystal layer provided
between the first substrate and the second substrate,

wherein:

a plurality of picture element regions are each defined by
a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and
a second electrode provided on the second substrate
and opposing the first electrode with the liquid crystal
layer therebetween;

in each of the plurality of picture element regions, the first
electrode includes a solid portion formed of a conduc-
tive film and a slit, and the liquid crystal layer has an
orientation which is regulated by an inclined electric
field produced above the slit of the first electrode when
a voltage is applied between the first electrode and the
second electrode; and

a portion of the liquid crystal layer above the solid portion
of the first electrode includes a first region having a first
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thickness d; and a second region having a second
thickness d, which is smaller than the first thickness d,,
the second region being located in the vicinity of the
slit.

31. The liquid crystal display device according to claim
29, wherein a height of a surface of a portion of the solid
portion of the first electrode corresponding to the second
region is higher than a height of a surface of a portion of the
solid portion corresponding to the first region.

32. The liquid crystal display device according to claim
31, wherein:

the first substrate includes a transparent substrate and an
interlayer insulating film provided between the trans-
parent substrate and the first electrode;

the interlayer insulating layer includes an inclining region
where a height of one surface thereof closer to the
liquid crystal layer continuously changes; and

the portion of the solid portion of the first electrode
corresponding to the second region is located on the
inclining region.
33. The liquid crystal display device according to claim
32, wherein:

the interlayer insulating film includes a flat region where
the height of the surface thereof closer to the liquid
crystal layer is substantially constant; and

the portion of the solid portion of the first electrode
corresponding to the first region is located on the flat
region.

34. The liquid crystal display device according to claim
32, wherein the interlayer insulating film is formed of a
photosensitive transparent resin.

35. The liquid crystal display device according to claim
31, wherein:

the first substrate includes a transparent substrate and a
color filter layer provided between the transparent
substrate and the first electrode;

the color filter layer includes an inclining region where a
height of one surface thereof closer to the liquid crystal
layer continuously changes; and

the portion of the solid portion of the first electrode
corresponding to the second region is located on the
inclining region.
36. The liquid crystal display device according to claim
35, wherein:

the color filter layer includes a flat region where the height
of the surface thereof closer to the liquid crystal layer
is substantially constant; and

the portion of the solid portion of the first electrode
corresponding to the first region is located on the flat
region.

37. The liquid crystal display device according to claim
29, wherein light incident on the liquid crystal layer is
circularly-polarized light, and display is provided by modu-
lating the circularly-polarized light by the liquid crystal
layer.

38. The liquid crystal display device according to claim
29, further comprising a pair of polarization plates opposing
each other with the liquid crystal layer therebetween, the
pair of polarization plates have transmission axes generally
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perpendicular to each other, one of the transmission axes is
located horizontal to a display plane, and the slit is extended
in a direction which is inclined with respect to the one of the
ransmission axes.

39. The liquid crystal display device according to claim
38, wherein the slit is extended in a direction which makes
an angle of about 45° with the one of the transmission axes.

40. The liquid crystal display device according to claim
29, wherein the second substrate has an orientation-regulat-
ing structure exerting an orientation-regulating force which
is aligned with the orientation-regulating force provided by
the inclined electric field at least in the presence of an
applied voltage.

41. The liquid crystal display device according to claim
40, wherein the orientation-regulating structure of the sec-
ond substrate is a rib.

42. The liquid crystal display device according to claim
40, wherein the orientation-regulating structure of the sec-
ond substrate is a slit provided in the second electrode.

43. The liquid crystal display device according to claim
29, wherein:

the first substrate further includes a switching element
provided in correspondence with each of the plurality
of picture element regions; and

the first electrode is a picture element electrode provided
in correspondence with each of the plurality of picture
element regions and electrically connected to the
switching element, and the second electrode is at least
one counter electrode opposing the plurality of picture
element electrodes.

44. The liquid crystal display device according to claim
43, wherein a portion of the liquid crystal layer above the
solid portion of the picture element electrode does not have
the second region in the vicinity of an outer periphery of the
picture element electrode.

45. A liquid crystal display device, comprising:

a first substrate;
a second substrate; and

a vertical alignment type liquid crystal layer provided
between the first substrate and the second substrate,

wherein:

a plurality of picture element regions are each defined by
a first electrode provided on one surface of the first
substrate which is closer to the liquid crystal layer and
a second electrode provided on the second substrate
and opposing the first electrode with the liquid crystal
layer therebetween;

in each of the plurality of picture element regions, the first
electrode includes a solid portion formed of a conduc-
tive film and a slit, and the liquid crystal layer has an
orientation which is regulated by an inclined electric
field produced above the slit of the first electrode when
a voltage is applied between the first electrode and the
second electrode;
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the first substrate further includes a switching element
provided in correspondence with each of the plurality
of picture element regions;

the first electrode is a picture element electrode provided
in correspondence with each of the plurality of picture
element regions and electrically connected to the
switching element, and the second electrode is at least
one counter electrode opposing the plurality of picture
element electrodes; and

a portion of the liquid crystal layer above the solid portion
of the picture element electrode includes a first region
having a first thickness d, and a second region having
a second thickness d, which is larger than the first
thickness d;, the second region being located in the
vicinity of an outer periphery of the picture element
electrode.

46. The liquid crystal display device according to claim
45, wherein a height of a surface of a portion of the solid
portion corresponding to the second region is lower than a
height of a surface of a portion of the solid portion corre-
sponding to the first region.

47. The liquid crystal display device according to claim
46, wherein:

the first substrate includes a transparent substrate and an
interlayer insulating film provided between the trans-
parent substrate and the first electrode;

the interlayer insulating layer includes an inclining region
where a height of one surface thereof closer to the
liquid crystal layer continuously changes; and

the portion of the solid portion corresponding to the
second region is located on the inclining region.
48. The liquid crystal display device according to claim
47, wherein:

the interlayer insulating film includes a flat region where
the height of the surface thereof closer to the liquid
crystal layer is substantially constant; and

the portion of the solid portion corresponding to the first

region is located on the flat region.

49. The liquid crystal display device according to claim
47, wherein the interlayer insulating film is formed of a
photosensitive transparent resin.

50. The liquid crystal display device according to claim
45, further comprising a pair of polarization plates opposing
each other with the liquid crystal layer therebetween, the
pair of polarization plates have transmission axes generally
perpendicular to each other, one of the transmission axes is
located horizontal to a display plane, and the slit is extended
in a direction which is inclined with respect to the one of the
transmission axes.

51. The liquid crystal display device according to claim
50, wherein the slit is extended in a direction which makes
an angle of about 45° with the one of the transmission axes.
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