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(57) ABSTRACT

There is provided a CPA-type liquid crystal display device in
which deterioration in display quality due to application of
stress to a liquid crystal panel is suppressed.

A liquid crystal display device according to the present inven-
tion includes a first substrate; a second substrate; and a liquid
crystal layer of a vertical-alignment type provided therebe-
tween. In each picture element region, a first electrode pro-
vided on a side of the first substrate facing the liquid crystal
layer includes a solid portion formed of an electrically-con-
ductive film and a non-solid portion in which no electrically-
conductive film is formed. The solid portion includes a plu-
rality of unit solid portions each of which is substantially
surrounded by the non-solid portion, the plurality of unit solid
portions being arranged at least along a first direction. When
avoltage is applied, with an oblique electric field generated at
an edge of the non-solid portion, the liquid crystal layer
within the picture element region forms a liquid crystal
domain on each unit solid portion, the liquid crystal domain
taking a radially-inclined orientation. The length of the unit
solid portion along the first direction is 70 pum or less.
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LIQUID CRYSTAL DISPLAY AND
ELECTRONIC DEVICE HAVING SAME

[0001] This application a continuation of U.S. patent appli-
cation Ser. No. 11/596,595, filed Nov. 15, 2006, which is the
US national phase of international application PCT/JP2005/
008975 filed 17 May 2005, which designated the U.S. and
claims priority to JP 2004-148273 filed 18 May 2004, the
entire content of each of which is hereby incorporated by
reference.

TECHNICAL FIELD

[0002] The present technology relates to a liquid crystal
display device, and more particularly to a liquid crystal dis-
play device which has wide viewing angle characteristics and
performs display with a high quality. The present technology
also relates to an electronic apparatus incorporating such a
liquid crystal display device.

BACKGROUND ART

[0003] Inrecent years, thin and light-weight liquid crystal
display devices have been utilized as display devices for use
in the displays of personal computers and the display sections
of mobile information terminal devices. However, conven-
tional twisted nematic type (TN type) and super twisted nem-
atic type (STN type) liquid crystal display devices have the
disadvantage of narrow viewing angles. Various technologi-
cal developments have been made in order to overcome these
disadvantages.

[0004] As a technique for improving viewing angle char-
acteristics, the CPA (Continuous Pinwheel Alignment)
method has been proposed (see Patent Document 1, for
example). In the CPA method, an opening and/or a recess
portion is provided in one of a pair of electrodes which oppose
each other via a vertical-alignment type liquid crystal layer,
and liquid crystal molecules are placed in a radially-inclined
orientation by utilizing an oblique electric field which is
generated at an edge of such an opening or recess portion, thus
realizing a high quality display with a wide viewing angle.
[0005] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2003-43525

DISCLOSURE OF TECHNOLOGY
Problems to be Solved by the Technology

[0006] Although the aforementioned CPA method realizes
a stable orientation state, if a large stress is applied to the
liquid crystal panel, the radially-inclined orientation in the
liquid crystal layer may be disturbed. Ifalong timeis required
for returning to a normal orientation state from the disturbed
orientation state, there is a problem in that the viewer may
perceive a degradation in display quality. The inventor has
performed various studies concerning the aforementioned
problem, and found that the length of time required for return-
ing to a normal orientation state from a disturbed orientation
state is strongly correlated to the electrode structures in the
CPA method.

[0007] The present technology has been made in view of
the above problem, and an objective thereof is to provide a
CPA-type liquid crystal display device in which degradation

Jul. 1, 2010

in the display quality due to application of stress to the liquid
crystal panel is suppressed, and an electronic apparatus incor-
porating the same.

Means for Solving the Problems

[0008] A liquid crystal display device according to a first
aspect comprises: a first substrate; a second substrate; a liquid
crystal layer of a vertical-alignment type provided between
the first substrate and the second substrate; and a picture
element region defined by a first electrode provided on a side
of the first substrate facing the liquid crystal layer and a
second electrode provided on the second substrate and oppos-
ing the first electrode via the liquid crystal layer, wherein, the
picture element region includes a transmission region in
which transmission-mode display is performed by using light
entering through the first substrate; in the picture element
region, the first electrode includes a solid portion formed of
an electrically-conductive film and a non-solid portion in
which no electrically-conductive film is formed, the solid
portion including a plurality of unit solid portions each of
which is substantially surrounded by the non-solid portion,
the plurality of unit solid portions being arranged at least
along a first direction; when a voltage is applied between the
first electrode and the second electrode, with an oblique elec-
tric field generated at an edge of the non-solid portion, the
liquid crystal layer forms a liquid crystal domain on each of
the plurality of unit solid portions, the liquid crystal domain
taking a radially-inclined orientation; and the plurality of unit
solid portions include at least one unit solid portion located in
the transmission region, and a length of the unit solid portion
located in the transmission region, along the first direction, is
70 pm or less. Thus, the aforementioned objective is met.
[0009] In a preferred embodiment, an interval of the plu-
rality of unit solid portions along the first direction is 8.0 pm
or more.

[0010] Aliquid crystal display device according to a second
aspect comprises: a first substrate; a second substrate; a liquid
crystal layer of a vertical-alignment type provided between
the first substrate and the second substrate; and a picture
element region defined by a first electrode provided on a side
of the first substrate facing the liquid crystal layer and a
second electrode provided on the second substrate and oppos-
ing the first electrode via the liquid crystal layer, wherein, the
picture element region includes a transmission region in
which transmission-mode display is performed by using light
entering through the first substrate; in the picture element
region, the first electrode includes a solid portion formed of
an electrically-conductive film and a non-solid portion in
which no electrically-conductive film is formed, the solid
portion including a plurality of unit solid portions each of
which is substantially surrounded by the non-solid portion;
when a voltage is applied between the first electrode and the
second electrode, with an oblique electric field generated at
an edge of the non-solid portion, the liquid crystal layer forms
a liquid crystal domain on each of the plurality of unit solid
portions, the liquid crystal domain taking a radially-inclined
orientation; and the plurality of unit solid portions are
arranged at least along a first direction, and an interval of the
plurality of unit solid portions along the first direction is 8.0
um or more. Thus, the aforementioned objective is met.
[0011] In a preferred embodiment, the interval of the plu-
rality of unit solid portions along the first direction is 8.5 pm
or more.
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[0012] In a preferred embodiment, the second substrate
includes a protrusion provided in a region corresponding to a
vicinity of a center of the liquid crystal domain formed in the
transmission region, and a ratio H/D of a height H of the
protrusion to a thickness D of the liquid crystal layer is 0.42 or
more.

[0013] A liquid crystal display device according to a third
aspect comprises: a first substrate; a second substrate; a liquid
crystal layer of a vertical-alignment type provided between
the first substrate and the second substrate; and a picture
element region defined by a first electrode provided on a side
of the first substrate facing the liquid crystal layer and a
second electrode provided on the second substrate and oppos-
ing the first electrode via the liquid crystal layer, wherein, the
picture element region includes a transmission region in
which transmission-mode display is performed by using light
entering through the first substrate; in the picture element
region, the first electrode includes a solid portion formed of
an electrically-conductive film and a non-solid portion in
which no electrically-conductive film is formed, the solid
portion including a plurality of unit solid portions each of
which is substantially surrounded by the non-solid portion,
the plurality of unit solid portions being arranged at least
along a first direction; when a voltage is applied between the
first electrode and the second electrode, with an oblique elec-
tric field generated at an edge of the non-solid portion, the
liquid crystal layer forms a liquid crystal domain on each of
the plurality of unit solid portions, the liquid crystal domain
taking a radially-inclined orientation; and the second sub-
strate includes a protrusion provided in a region correspond-
ing to a vicinity of a center of the liquid crystal domain
formed in the transmission region, and a ratio H/D of a height
H of the protrusion to a thickness D of the liquid crystal layer
is 0.42 or more. Thus, the aforementioned objective is met.
[0014] Ina preferred embodiment, the ratio H/D of a height
H of the protrusion to a thickness D of the liquid crystal layer
is 0.47 or more.

[0015] Ina preferred embodiment, the ratio H/D of a height
H of the protrusion to a thickness D of the liquid crystal layer
is 0.53 or more.

[0016] In a preferred embodiment, the solid portion of the
first electrode includes at least one connecting portion con-
necting between two adjoining unit solid portions among the
plurality of unit solid portions.

[0017] Ina preferred embodiment, the at least one connect-
ing portion includes a connecting portion connecting
between, among the plurality of unit solid portions, those unit
solid portions which adjoin each other along the first direc-
tion.

[0018] In a preferred embodiment, the picture element
region further includes a reflection region in which reflection-
mode display is performed by using light entering through the
second substrate.

[0019] In a preferred embodiment, the orientation of the
liquid crystal domain and an orientation of a region of the
liquid crystal layer corresponding to the non-solid portion are
continuous with each other.

[0020] In a preferred embodiment, each of the plurality of
unit solid portions is of a shape having rotational symmetry.
[0021] In a preferred embodiment, each of the plurality of
unit solid portions is of a generally rectangular shape.
[0022] In a preferred embodiment, each of the plurality of
unit solid portions is of a generally rectangular shape having
generally arc-shaped corners.
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[0023] Inapreferred embodiment, the plurality of unit solid
portions are arranged also along a second direction intersect-
ing the first direction.

[0024] In a preferred embodiment, the non-solid portion
has at least one opening which is substantially surrounded by
the solid portion, and when a voltage is applied between the
first electrode and the second electrode, the liquid crystal
layer forms a liquid crystal domain also in a region of the
liquid crystal layer corresponding to the opening, the liquid
crystal domain taking a radially-inclined orientation.

[0025] An electronic apparatus may include a liquid crystal
display device of the aforementioned construction. Thus, the
aforementioned objective is met.

[0026] Ina preferred embodiment, the electronic apparatus
is a mobile electronic apparatus.

[0027] Ina preferred embodiment, the electronic apparatus
does not comprise a protective plate on a viewer’s side of the
second substrate.

EFFECTS OF THE TECHNOLOGY

[0028] In a liquid crystal display device, one (first elec-
trode) of a pair of electrodes opposing each other via a verti-
cal-alignment type liquid crystal layer includes a solid por-
tion formed of an electrically-conductive film, and a non-
solid portion in which no electrically-conductive film is
formed. The solid portion of the first electrode includes a
plurality of unit solid portions each of which is substantially
surrounded by the non-solid portion, and which are arranged
at least along a certain direction (first direction). Under an
applied voltage, with an oblique electric field generated at an
edge of the non-solid portion, the liquid crystal layer forms a
liquid crystal domain on each unit solid portion, the liquid
crystal domain taking a radially-inclined orientation.

[0029] According to a first aspect, the length of the unit
solid portion is prescribed to be within a predetermined range.
Asaresult, there is provided a CPA-type liquid crystal display
device in which deterioration in display quality due to appli-
cation of stress to a liquid crystal panel is suppressed.
[0030] According to a second aspect, the interval of unit
solid portions is prescribed to be within a predetermined
range. As a result, there is provided a CPA-type liquid crystal
display device in which deterioration in display quality due to
application of stress to a liquid crystal panel is suppressed.
[0031] According to a third aspect, the height of a protru-
sion of the second substrate opposing the first substrate on
which the first electrode is provided is prescribed to be within
a predetermined range. As a result, there is provided a CPA-
type liquid crystal display device in which deterioration in
display quality due to application of stress to a liquid crystal
panel is suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIGS. 1a and 15 are diagrams schematically show-
ing the structure of a liquid crystal display device 100, where
FIG. 1(a) is an upper plan view; and FIG. 1(b) is a cross-
sectional view taken along line 1B-1B' in FIG. 1(a).

[0033] FIGS. 2 (a) and (b) are diagrams each showing a
state in which a voltage is applied across a liquid crystal layer
30 of the liquid crystal display device 100, where FIG. 2(a)
schematically shows a state where the orientation has begun
to change (ON initial state); and FIG. 2(b) schematically
shows a stationary state.
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[0034] FIGS. 3 (a)to (d) are diagrams schematically show-
ing a relationship between an electric line of force and orien-
tation of a liquid crystal molecule.

[0035] FIGS. 4 (a) to (c) are diagrams schematically show-
ing orientation states of liquid crystal molecules in the liquid
crystal display device 100, as seen from a substrate normal
direction.

[0036] FIGS. 5 (a) to (¢) are diagrams schematically show-
ing examples of radially-inclined orientation of liquid crystal
molecules.

[0037] FIGS. 6 (a) and () are upper plan views schemati-
cally showing other picture element electrodes to be used in
the liquid crystal display device.

[0038] FIGS. 7 (a) and (b) are upper plan views schemati-
cally showing still other picture element electrodes to be used
in the liquid crystal display device.

[0039] FIG. 8isan enlarged cross-sectional view schemati-
cally showing the neighborhood of a protrusion 23 of a
counter substrate 1005 of the liquid crystal display device
100.

[0040] FIGS. 9 (a)to (c) are diagrams schematically show-
ing amanner in which orientation in the liquid crystal layer 30
of the liquid crystal display device 100 changes, where FIG.
9(a) shows absence of an applied voltage; FIG. 9(b) shows a
state where the orientation has begun to change (ON initial
state); and FIG. 9(c) shows a stationary state.

[0041] FIG. 10(a) is a micrograph showing a state of a
liquid crystal domain before stress is applied to a liquid crys-
tal panel; and FIG. 10(d) is a micrograph showing a state of
the liquid crystal domain after stress is applied to the liquid
crystal panel.

[0042] FIG. 11 is a graph showing results of measuring a
trace-disappearing voltage while varying the length L of each
unit solid portion 14al.

[0043] FIG. 12 is a diagram schematically showing how a
pressure test is carried out.

[0044] FIG. 13 is a graph showing results of measuring a
trace-disappearing voltage while varying the interval S
between unit solid portions 14a1.

[0045] FIG. 14 is a graph showing results of measuring a
trace-disappearing voltage while varying the height H of pro-
trusions 23.

[0046] FIGS. 15(a) and (b) are diagrams schematically
showing the structure of another liquid crystal display device
200, where FIG. 15(a) is an upper plan view; and FIG. 15(4)
is a cross-sectional view taken along line 15B-15B' in (a).
[0047] FIG. 16 is a cross-sectional view schematically
showing a liquid crystal display device 300 of a multi-gap
structure, where a level difference is introduced in a TFT
substrate 300q.

[0048] FIGS. 17(a) and (b) are diagrams schematically
showing a relationship between an electric line of force and
orientation of liquid crystal molecules on a side face of level
difference of the liquid crystal display device 300.

[0049] FIG. 18 is a diagram schematically showing a rela-
tionship between an electric line of force and orientation of
liquid crystal molecules on a side face of level difference of
the liquid crystal display device 200.

[0050] FIG. 19 is an upper plan view schematically show-
ing another picture element electrode to be used in a liquid
crystal display device.

[0051] FIGS.20(a)to (c)are diagrams schematically show-
ing orientation states of liquid crystal molecules as seen from
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a substrate normal direction in the case where the picture
element electrode shown in FIG. 19 is used.

[0052] FIG. 21 is an upper plan view schematically show-
ing still another picture element electrode to be used in the
liquid crystal display device.

[0053] FIG. 22 is an upper plan view schematically show-
ing still another picture element electrode to be used in the
liquid crystal display device.

DESCRIPTION OF THE REFERENCE

NUMERALS
[0054] 11, 21 transparent substrate
[0055] 14 picture element electrode
[0056] 14a solid portion
[0057] 1441 unit solid portion
[0058] 1442 connecting portion
[0059] 144 non-solid portion
[0060] 1441 frame portion
[0061] 1452 recess portion
[0062] 1453 opening
[0063] 22 counter electrode
[0064] 23 protrusion
[0065] 29 transparent dielectric layer
[0066] 30 liquid crystal layer
[0067] 30a liquid crystal molecule
[0068] 100 liquid crystal display device
[0069] 100a TFT substrate
[0070] 1005 counter substrate

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0071] Hereinafter, embodiments of the present technology
will be described with reference to the drawings. A liquid
crystal display device embodying the technology has excel-
lent display characteristics and therefore is suitably used in an
active-matrix liquid crystal display device. Hereinafter,
embodiments of the present technology will be described
with respect to an active-matrix liquid crystal display device
employing thin film transistors (TFTs). Without being limited
thereto, the present technology is also applicable to an active-
matrix liquid crystal display device employing MIMS.
[0072] In the present specification, each region of a liquid
crystal display device corresponding to a “picture element”,
which defines a minimal unit of display, will be referred to as
a “picture element region”. In a color liquid crystal display
device, a plurality of “picture elements” including R, G and B
“picture elements” correspond to one “pixel”. In an active-
matrix liquid crystal display device, picture element elec-
trodes and a counter electrode opposing the picture element
electrodes define picture element regions. In a passive-matrix
liquid crystal display device, each of the regions where col-
umn electrodes (which are provided in stripes) and row elec-
trodes (which are provided so as to be orthogonal to the
column electrodes) intersect defines a picture element region.
In a construction where a black matrix is provided, among the
regions to which voltages are applied according to states to be
displayed, those regions which correspond to the openings of
the black matrix correspond to the picture element regions,
strictly speaking.

[0073] Withreferenceto FIGS. 1(a)and (), the structure of
one picture element region of a liquid crystal display device
100 according to the present embodiment will be described.
In the following, color filters and a black matrix are omitted
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for simplicity of description. Moreover, in the following fig-
ures, those constituent elements which have substantially
identical functions to those of the constituent elements of the
liquid crystal display device 100 will be indicated by identical
reference numerals, and the descriptions thereof will be omit-
ted. FIG. 1(a) is an upper plan view of the picture element
region as seen from a substrate normal direction. FIG. 1(b)
corresponds to a cross-sectional view taken along line 1B-1B'
in FIG. 1(a). FIG. 1(b) shows a state where no voltage is
applied across the liquid crystal layer.

[0074] The liquid crystal display device 100 includes an
active matrix substrate (hereinafter referred to as a “TFT
substrate”) 100a, a counter substrate (also referred to as a
“color filter substrate™) 1005, and a liquid crystal layer 30
which is provided between the TFT substrate 100a and the
counter substrate 10056. The liquid crystal molecules 30a in
the liquid crystal layer 30 have negative dielectric anisotropy.
When no voltage is applied across the liquid crystal layer 30,
because of vertical alignment films (not shown) serving as
vertical alignment layers which are each provided on the
surface of the TFT substrate 100a or the counter substrate
1005 facing the liquid crystal layer 30, the liquid crystal
molecules 30a are oriented vertically to the surface of each
vertical alignment film, as shown in FIG. 1(54). In this case, the
liquid crystal layer 30 is said to be in a vertical orientation
state. However, depending on the type of vertical alignment
film and the type of liquid crystal material, the liquid crystal
molecules 30a of the liquid crystal layer 30 in a vertical
orientation state may be slightly tilted from the normal of the
surface of each vertical alignment film (surface of each sub-
strate). In general, a state in which an axis of each liquid
crystal molecule (also called the “axial direction™) is oriented
at an angle of about 85° or more with respect to the surface of
avertical alignment film is referred to as a vertical orientation
state.

[0075] The TFT substrate 100a of the liquid crystal display
device 100 includes a transparent substrate (e.g., a glass sub-
strate) 11 and picture element electrodes 14 formed on its
surface. The counter substrate 1005 includes a transparent
substrate (e.g., a glass substrate) 21 and a counter electrode 22
formed on its surface. In accordance with a voltage which is
applied across a picture element electrode 14 and the counter
electrode 22 opposing each other via the liquid crystal layer
30, the orientation state of the liquid crystal layer 30 changes
in each picture element region. Display is performed by uti-
lizing a phenomenon where the polarization state and amount
of the light which is transmitted through the liquid crystal
layer 30 vary in accordance with changes in the orientation
state of the liquid crystal layer 30.

[0076] Note that the liquid crystal display device 100 of the
present embodiment is a transmission-type liquid crystal dis-
play device, and each picture element region only has a trans-
mission region in which transmission mode display is per-
formed by utilizing light which enters through the TFT
substrate 100a (typically light from a backlight). However,
the present technology is also suitably used for a transflec-
tive-type liquid crystal display device. As will be described
later, a reflection region in which reflection mode display is
performed by utilizing light which enters through the counter
substrate (typically external light) may also be provided in
addition to the transmission region.

[0077] Next, the structure and actions of the picture ele-
ment electrodes 14 of the liquid crystal display device 100
will be described.
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[0078] As shown in FIGS. 1(a) and (b), each picture ele-
ment electrode 14 has a solid portion 14a formed of an elec-
trically-conductive film (e.g., an ITO film) and a non-solid
portion 146 in which no electrically-conductive film is
formed.

[0079] The solid portion 14a includes a plurality of regions
(referred to as “unit solid portions™) 14al, each of is substan-
tially surrounded by the non-solid portion 144. The unit solid
portions 14a1 are arranged along a certain direction (a direc-
tion indicated by arrow D1in FIG. 1(a)) in the picture element
region. In the present embodiment, each unit solid portion
14a1 is generally square. The solid portion 14a further
includes connecting portions 14a2, each of which connects
between two adjoining unit solid portions 14a1. Each con-
necting portion 1442 is located between unit solid portions
14a1 so as to bridge between the two unit solid portions 14a1,
and typically is formed of the same electrically-conductive
film as that of the unit solid portions 14al.

[0080] Thenon-solid portion 145 includes: a frame portion
1451, which is provided in the form of a frame along the outer
periphery of the picture element electrode 14; and recess
portions 14562, each of which is located further inside of the
frame portion 1451 and cuts into the solid portion 14a so as to
compartmentalize the unit solid portions 14a1. The non-solid
portion 145 including the frame portion 1451 and the recess
portions 1452 is formed by patterning an electrically-conduc-
tive film to become the picture element electrode 14.

[0081] When a voltage is applied between the picture ele-
ment electrode 14 and the counter electrode 22 constructed as
above, an oblique electric field which is generated in the
neighborhood of the unit solid portions 14al (near outer
periphery), i.e., edges of the non-solid portion 145, causes a
plurality of liquid crystal domains to be formed, each having
a radially-inclined orientation. One liquid crystal domain is
formed above each unit solid portion 14al.

[0082] The mechanism by which liquid crystal domains are
formed by the aforementioned oblique electric field will be
described with reference to FIGS. 2(a) and (b). FIGS. 2(a)
and (b) show states where a voltage is applied across the
liquid crystal layer 30. FIG. 2(a) schematically shows a state
where the orientation of the liquid crystal molecules 30a has
begun to change (ON initial state) in accordance with a volt-
age which is applied across the liquid crystal layer 30. FIG.
2(b) schematically shows the orientation of the liquid crystal
molecules 30a, which varied in accordance with the applied
voltage, having reached a stationary state. Curves EQ in
FIGS. 2(a) and (b) represent equipotential lines EQ.

[0083] When the picture element electrode 14 and the
counter electrode 22 are at the same potential (i.e., no voltage
is applied across the liquid crystal layer 30), as shown in FIG.
1(b), the liquid crystal molecules 30a in the picture element
region are oriented vertically to the surfaces of both substrates
11 and 21. Note that, as will be described later, protrusions 23
are provided on the counter substrate 1005; therefore, in
actuality, the orientation regulating force of each protrusion
23 causes the liquid crystal molecules 30qa in the neighbor-
hood of the protrusion 23 to be in an inclined orientation even
in the absence of an applied voltage. In the following descrip-
tion, however, the orientation restriction force of the protru-
sion 23 will be ignored for simplicity of description. In FIGS.
2(a) and (b), the protrusion 23 is omitted, while ignoring its
orientation regulating force.

[0084] When a voltage is applied across the liquid crystal
layer 30, a potential gradient that is represented by the equi-
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potential lines EQ (which are orthogonal to electric lines of
force) EQ shown in FIG. 2(a) is formed. The equipotential
lines EQ run parallel to the surfaces of the solid portion 14a
and the counter electrode 22 while within the liquid crystal
layer 30 that is located between the solid portion 144 of the
picture element electrode 14 and the counter electrode 22, and
fall while in the region corresponding to the non-solid portion
145 of the picture element region. In the liquid crystal layer 30
above the edges (neighborhood of the inner side of the non-
solid portion 145, including the boundary between the non-
solid portion 144 and the solid portion 14a) EG of the non-
solid portion 145, an oblique electric field represented by
tilted equipotential lines EQ is formed.

[0085] Each liquid crystal molecule 30a having negative
dielectric anisotropy receives a torque which causes the axial
direction of the liquid crystal molecule 30a to be oriented in
parallel to the equipotential lines EQ (perpendicular to the
electric line of forces). Therefore, as shown by arrows in FIG.
2(a), the liquid crystal molecules 30a above the edges EG are
tilted (rotated) in a clockwise direction at the left edge EG in
the figure, and in a counterclockwise direction at the right
edge EG in the figure, thus being oriented so as to be parallel
to the equipotential lines EQ.

[0086] Now, referring to FIGS. 3(a) to (d), changes in the
orientation of the liquid crystal molecules 30a will be spe-
cifically described.

[0087] When an electric field is generated in the liquid
crystal layer 30, each liquid crystal molecule 30a having
negative dielectric anisotropy receives a torque which causes
its axial direction to be oriented in parallel to the equipotential
lines EQ. As shown in FIG. 3(a), when an electric field rep-
resented by an equipotential line EQ that is perpendicular to
the axial direction of a liquid crystal molecule 30a occurs, the
liquid crystal molecule 30a receives a torque which causes a
tilt in the clockwise or counterclockwise direction with an
equal probability. Therefore, within the liquid crystal layer 30
that is present between opposing electrodes which are in a
parallel-plate type arrangement, liquid crystal molecules 30a
which receive a torque in the clockwise direction and liquid
crystal molecules 30a which receive a torque in the counter-
clockwise direction are both present. This may prevent a
smooth change to an orientation state which is in accordance
with the voltage applied across the liquid crystal layer 30.
[0088] As shown in FIG. 2(a), if an electric field (oblique
electric field) which is represented by equipotential lines EQ
that are tilted with respect to the axial directions of the liquid
crystal molecules 30qa is generated at the edges EG of the
non-solid portion 145 of the liquid crystal display device 100,
then, as shown in FIG. 3(), each liquid crystal molecule 30a
will tilt in a direction which will require a smaller amount of
tilt for becoming parallel to the equipotential lines EQ (i.e.,
counterclockwise in the example shown in the figure). On the
other hand, those liquid crystal molecules 30a which are
located in regions where an electric field which is represented
by equipotential lines EQ that are perpendicular to the axial
directions of the liquid crystal molecules 30a occurs will, as
shown in FIG. 3(¢), be tilted in the same direction as the liquid
crystal molecules 30a that are located on the tilted equipo-
tential lines EQ, so as to have a continuous (matching) orien-
tation with the liquid crystal molecules 30a located on the
tilted equipotential lines EQ. As shown in FIG. 3(d), if an
electric field is applied such that the equipotential lines EQ
present an up-and-down shape, the liquid crystal molecules
30a located on the flat equipotential lines EQ will be oriented
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so as to match the orientation direction as restricted by the
liquid crystal molecules 30a which are located on the respec-
tive tilted equipotential lines EQ. Note that, to be “located on
an equipotential line EQ” means to be “located within an
electric field which is represented by the equipotential line
EQ”.

[0089] As described above, if a change in orientation that
begins from the liquid crystal molecules 30a located on the
tilted equipotential lines EQ proceeds until reaching a station-
ary state, an orientation state which is schematically shown in
FIG. 2(b) results. The liquid crystal molecules 30a which are
located in a central portion of the unit solid portion 1441 will
receive almost similar influences of the orientations of the
liquid crystal molecules 30a on both edges EG, and therefore
maintain an orientation state which is perpendicular to the
equipotential lines EQ. The liquid crystal molecules 30a in
regions away from the center of the unit solid portion 144l
will be tilted under the influence of the orientation of the
liquid crystal molecules 30a at the respective closer edge EG,
thus forming an inclined orientation which is symmetric with
respect to the center SA of the unit solid portion 14a1. This
orientation state is such that, when seen from a direction
perpendicular to the display surface of the liquid crystal dis-
play device 100 (i.e., the direction perpendicular to the sur-
faces of the substrates 11 and 21), the axial directions of the
liquid crystal molecules 30a are radially oriented (not shown)
with respect to the center of the unit solid portion 14al.
Therefore, in the present specification, such an orientation
state will be referred to as a “radially-inclined orientation”.
Moreover, any region of the liquid crystal layer 30 which
takes a radially-inclined orientation with respect to a single
center will be referred to as a liquid crystal domain.

[0090] The radially-inclined orientation in the liquid crys-
tal domain which is formed on the unit solid portion 14a1 and
the orientation in the liquid crystal layer 30 above the non-
solid portion 14a1 are continuous with each other, such that
they are oriented so as to match the orientations of the liquid
crystal molecules 30a at the edges EG of the non-solid portion
14b. Therefore, disclination lines (orientation defects) will
not be formed at the boundary therebetween to cause deterio-
ration in display quality associated with disclination lines.
[0091] As described above, each picture element electrode
14 of the liquid crystal display device 100 has the non-solid
portion 14b, in which no electrically-conductive film is
formed. Thus, in the liquid crystal layer 30 within the picture
element region, the picture element electrode 14 forms an
electric field which is represented by equipotential lines EQ
having tilted regions. The liquid crystal molecules 30a being
in the liquid crystal layer 30 and having negative dielectric
anisotropy, which are in a vertical orientation state in the
absence of an applied voltage, change their orientation direc-
tions in response to a change in orientation of the liquid
crystal molecules 30a which are located on the tilted equipo-
tential lines EQ, whereby a liquid crystal domain having a
stable radially-inclined orientation is formed on the unit solid
portion 14al. As the orientations of the liquid crystal mol-
ecules in this liquid crystal domain are changed in accordance
with a voltage which is applied across the liquid crystal layer,
display is performed.

[0092] Now, the shape of the unit solid portion 144l of the
picture element electrode 14 (the shape as seen from the
substrate normal direction) will be described.

[0093] The display characteristics of a liquid crystal dis-
play device exhibit azimuth angle dependence due to the
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orientation states (optical anisotropy) of liquid crystal mol-
ecules. In order to reduce the azimuth angle dependence of
display characteristics, it is preferable that the liquid crystal
molecules are oriented with similar probabilities for all azi-
muth angles. It is further preferable that the liquid crystal
molecules in each picture element region are oriented with
similar probabilities for all azimuth angles. Therefore, it is
preferable that each unit solid portion 1441 is shaped so as to
form a liquid crystal domain such that the liquid crystal mol-
ecules 30q in the liquid crystal domain formed corresponding
to the unit solid portion 144l are oriented with similar prob-
abilities for all azimuth angles. Specifically, the shape of each
unit solid portion 14al preferably has rotational symmetry
with an axis of symmetry at its center (normal direction)
(preferably a symmetry of two-fold rotational symmetry or
more, and more preferably a symmetry of four-fold rotational
symmetry or more). In other words, the non-solid portion 145
is to be formed so that the unit solid portion 1441 will have a
shape as described above.

[0094] The orientation states of the liquid crystal molecules
30a in the case where the unit solid portion 1441 is generally
square as shown in FIG. 1(a) will be described with reference
to FIGS. 4(a) to (¢).

[0095] FIGS. 4(a) to (c¢) each schematically show an orien-
tation state of the liquid crystal molecules 30a as seen from a
substrate normal direction. In the figures showing the orien-
tation states of the liquid crystal molecules 30q as seen from
the substrate normal direction (such as FIGS. 4(5) and (¢)),
any liquid crystal molecule 30a which is illustrated as an
ellipse having a black end indicates that the liquid crystal
molecule 30a is tilted so that the said end is closer, than is the
other end, to the substrate on which the picture element elec-
trode 14 is provided. The same also applies to the following
figures.

[0096] When the picture element electrode 14 and the
counter electrode 22 are at the same potential, i.e., when no
voltage is applied across the liquid crystal layer 30, those
liquid crystal molecules 30a whose orientation directions are
regulated by the vertical alignment layers (not shown) which
are each provided on the surface of the TFT substrate 100a or
the counter substrate 1005 facing the liquid crystal layer 30
take a vertical orientation state, as shown in FIG. 4(a).
[0097] When an electric field is applied across the liquid
crystal layer 30 and an electric field as represented by the
equipotential lines EQ shown in FIG. 2(a) is generated, the
liquid crystal molecules 30a having negative dielectric
anisotropy are subjected to a torque which causes their axial
directions to become parallel to the equipotential lines EQ. As
has been described with reference to FIGS. 3(a) and (b), those
liquid crystal molecules 30a which are under an electric field
represented by equipotential lines EQ that are perpendicular
to the molecular axes of the liquid crystal molecules 30a do
not have a singularly defined direction in which the liquid
crystal molecules 30a are to tilt (rotate) (FIG. 3(a)), and
therefore do not easily undergo a change in orientation (tilt or
rotation). On the other hand, those liquid crystal molecules
30a under equipotential lines EQ that are tilted with respect to
the molecular axes of the liquid crystal molecules 30a have a
singularly defined tilt (rotation) direction, and thus easily
undergo a change in orientation. Therefore, as shown in FIG.
4(b), the liquid crystal molecules 30a begin to tilt from the
edges of the non-solid portion 145, where the molecular axes
of the liquid crystal molecules 30q are tilted with respect to
the equipotential lines EQ. Then, as has been described with
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reference to FIG. 3(¢), the surrounding liquid crystal mol-
ecules 30a are also tilted so as to match the orientations of the
tilted liquid crystal molecules 30a at the edges of the non-
solid portion 145, and the axial directions of the liquid crystal
molecules 30a become stable in a state as shown in FIG. 4(c)
(radially-inclined orientation).

[0098] Thus, if the unit solid portion 1441 is of a shape
having rotational symmetry, the liquid crystal molecules 30a
in the picture element region will be tilted from the edges of
the non-solid portion 145 (neighborhood of the unit solid
portion 14a1) toward the center of the unit solid portion 14al
under an applied voltage. Therefore, the liquid crystal mol-
ecules 30a near the center of the unit solid portion 14a1 where
the orientation regulating forces from the liquid crystal mol-
ecules 30a at the edges are at equilibrium will maintain a state
of’being oriented vertically to the substrate plane, whereas the
surrounding liquid crystal molecules 30a will be gradually
radially inclined around the liquid crystal molecules 30a near
the center of the unit solid portion 14a1.

[0099] Note that the radially-inclined orientation of liquid
crystal molecules 30a is more stable when it is a counter-
clockwise or clockwise spiral radially-inclined orientation as
shown in FIGS. 5(b) and (c) than when it is a simple radially-
inclined orientation as shown in FIG. 5(a). This spiral orien-
tation is distinct from the usual twist orientation, where the
orientation direction of the liquid crystal molecules 30a
would change in a helical manner along the thickness direc-
tion of the liquid crystal layer 30. In the spiral orientation,
when observed with respect to very small regions, the orien-
tation directions of the liquid crystal molecules 30a hardly
change along the thickness direction of the liquid crystal layer
30. In other words, the same orientation state as that of FIG.
5(b) or (¢) exists in a cross section taken at any position along
the thickness direction of the liquid crystal layer 30 (cross
section within a plane which is parallel to the layer plane), and
hardly any twist deformation along the thickness direction of
the liquid crystal layer 30 occurs. However, some degree of
twist deformation does exist with respect to the entire liquid
crystal domain.

[0100] When a material obtained by adding a chiral agent to
a nematic liquid crystal material having negative dielectric
anisotropy is used, under an applied voltage, the liquid crystal
molecules 30a take a counterclockwise or clockwise spiral
radially-inclined orientation as shown in FIGS. 5(b) and (c)
around the unit solid portion 14a1. Whether it is clockwise or
counterclockwise depends on the type of chiral agent. There-
fore, by placing the liquid crystal layer 30 above the unit solid
portion 1441 in a spiral radially-inclined orientation under an
applied voltage, the direction in which the radially-inclined
liquid crystal molecules 30a turn around the liquid crystal
molecules 30a which stand perpendicularly to the substrate
plane can be kept constant within the entire liquid crystal
domain, whereby a uniform display free of coarseness can be
realized. Furthermore, since the direction of turning around
the liquid crystal molecules 30a which stand perpendicularly
to the substrate plane is defined, the response speed when
applying a voltage across the liquid crystal layer 30 is also
improved.

[0101] Moreover, when an increased amount of chiral agent
is added, the orientations of the liquid crystal molecules 30a
will change in a helical manner along the thickness direction
of the liquid crystal layer 30, as in the case of the usual twist
orientation. In an orientation state where the orientations of
the liquid crystal molecules 30a do not change in a helical
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manner along the thickness direction of the liquid crystal
layer 30, those liquid crystal molecules 30a which are ori-
ented in a direction perpendicular to or a direction parallel to
the polarization axis of a polarizer do not impart a phase
difference to incident light, and therefore incident light which
travels through any region in such an orientation state does
not contribute to transmittance. On the other hand, in an
orientation state where the orientations of the liquid crystal
molecules 30a change in a helical manner along the thickness
direction of the liquid crystal layer 30, those liquid crystal
molecules 30a which are oriented in a direction perpendicular
to or a direction parallel to the polarization axis of a polarizer
also impart a phase difference to incident light, and make it
possible to utilize optical rotary action of light. Therefore,
incident light which travels through a region in such an ori-
entation state also contributes to transmittance, whereby a
liquid crystal display device capable of performing bright
display can be obtained.

[0102] Although FIG. 1(a) illustrates an example where
each unit solid portion 14a1 is generally square, the shape of
the unit solid portion 1441 is not limited thereto. For example,
as in a picture element electrode 14A shown in FIG. 6(a), the
unit solid portion 14a1 may be generally rectangular, or as in
a picture element electrode 14B shown in FIG. 6(5), a gener-
ally square unit solid portion 1441 and generally rectangular
unit solid portions 14a1 may be used in combination. Since
the shape of the picture element region is typically approxi-
mated to a rectangle, the shape of the unit solid portion 14al
may be made generally square and/or generally rectangular in
accordance with the aspect ratio of the picture element region,
thus making it possible to efficiently place the unit solid
portions 1441 within the picture element region.

[0103] Moreover, as in picture element electrodes 14C and
14D shown in FIGS. 7(a) and (4), the unit solid portion 14al
may be a generally rectangular shape having generally arc-
shaped corners. The picture element electrode 14C shown in
FIG. 7(a) includes generally square unit solid portions 14al
having generally arc-shaped corners, whereas the picture ele-
ment electrode 14D shown in FIG. 7(b) includes generally
rectangular unit solid portions 14a1 having generally arc-
shaped corners. Since the unit solid portions 14al of these
picture element electrodes 14C and 14D have generally arc-
shaped corners, the change in the orientation directions of the
liquid crystal molecules at the corners is more gradual
(smoother) and the orientation stability is higher, as com-
pared to any rectangular unit solid portions 14a1 having right
corners. Note that, in order to further enhance the continuity
of orientation, the shape of the unit solid portion 14a1 may be
made generally circular or generally elliptical.

[0104] Next, the structure and function of the protrusions
23 provided on the counter substrate 1005 will be described.
[0105] As shown in FIGS. 1(a) and (), the counter sub-
strate 1005 has protrusions 23 which are provided on the
counter electrode 22 and protrude toward the liquid crystal
layer 30. Each protrusion 23 is provided in a region corre-
sponding to a vicinity of a center of a liquid crystal domain
(i.e., a region corresponding to a central portion of the unit
solid portion 14a1). On the surface of the counter substrate
1005 facing the liquid crystal layer 30, a vertical alignment
film (not shown) is provided so as to cover the protrusions 23
and the counter electrode 22.

[0106] FIG. 8 shows the neighborhood of a protrusion 23
on the counter substrate 1005 in an enlarged view. As shown
in FIG. 8, with the shape effect of its surface (which has a
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vertical alignment property), the protrusion 23 places the
liquid crystal molecules 30a in a radially-inclined orienta-
tion. Since the protrusion 23 is provided in a region corre-
sponding to a vicinity of a center of the liquid crystal domain,
the tilting directions of the liquid crystal molecules ascribable
to the protrusion 23 match the orientation directions in a
radially-inclined orientation of the liquid crystal domain
which is formed in the region corresponding to the unit solid
portion 14al. The protrusion 23 exhibits an orientation regu-
lating force irrespective of whether a voltage is applied or not.
[0107] Although there are no particular limits to the mate-
rial composing the protrusions 23, they would be easily
formed by using a dielectric material such as resin. Use of a
resin material which deforms with heat is preferable because
protrusions 23 of a gentle hill-like cross-sectional shape as
shown in FIG. 8 can be easily formed through a heat treatment
after patterning. As shown in the figure, protrusions 23 having
a gentle cross-sectional shape with an apex (e.g., a part of a
sphere) and protrusions having a conical shape excel in the
effect of fixing the center position of radially-inclined orien-
tation.

[0108] Since the liquid crystal display device 100 includes
the picture element electrodes 14 whose outer shape is
defined so as to exhibit orientation regulating forces for form-
ing liquid crystal domains on the unit solid portions 1441, as
well as protrusions 23 which exhibit orientation regulating
forces that match the orientation regulating forces of the
picture element electrodes 14, a stable radially-inclined ori-
entation can be obtained. This is schematically illustrated in
FIGS. 9(a) to (¢). FIG. 9(a) shows absence of an applied
voltage; FIG. 9(b) shows a state where the orientation has
begun to change (ON initial state) after application of a volt-
age; and FIG. 9(c) schematically shows a stationary state
under an applied voltage.

[0109] As shown in FIG. 9(a), the orientation regulating
force from each protrusion 23 acts on the liquid crystal mol-
ecules 30a in its neighborhood and forms a radially-inclined
orientation even in the absence of an applied voltage.

[0110] Whena voltage begins to be applied, an electric field
represented by equipotential lines EQ as shown in FIG. 9(b)
is generated (owing to the electrode structure on the TFT
substrate 100a), and a liquid crystal domain in which the
liquid crystal molecules 30a are in a radially-inclined orien-
tation is formed in a region corresponding to the unit solid
portion 14a1, and reaches a stationary state as shown in FIG.
9(c). At this time, the tilting directions of the liquid crystal
molecules 30qa in each liquid crystal domain coincide with the
tilting directions of the liquid crystal molecules 30a ascrib-
able to the orientation regulating force of the protrusion 23
provided in the corresponding region.

[0111] When a stress is applied to the liquid crystal display
device 100 in a stationary state, the radially-inclined orienta-
tion in the liquid crystal layer 30 is once lost. However, when
the stress is removed, the radially-inclined orientation state is
restored because the orientation restriction forces from the
unit solid portion 1441 and the protrusion 23 are acting on the
liquid crystal molecules 30a.

[0112] As for the construction of the liquid crystal display
device 100 of the present embodiment, the same construction
as that of a known vertical-alignment type liquid crystal dis-
play device can be adopted except that each picture element
electrode 14 is patterned into a predetermined shape to have
the solid portion 14a and the non-solid portion 145. A known
production method can be used for production.
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[0113] Typically, in order to realize a vertical orientation of
liquid crystal molecules having negative dielectric anisot-
ropy, vertical alignment films (not shown) serving as vertical
alignment layers are each formed on the surface of the picture
element electrode 14 or the counter electrode 22 facing the
liquid crystal layer 30.

[0114] As the liquid crystal material, a nematic liquid crys-
tal material having negative dielectric anisotropy is used. By
adding a dichroic dye to a nematic liquid crystal material
having negative dielectric anisotropy, a guest-host mode lig-
uid crystal display device could also be obtained. A guest-
host mode liquid crystal display device does not require
polarizers.

[0115] A so-called vertical-alignment type liquid crystal
display device, comprising a liquid crystal layer in which
liquid crystal molecules having negative dielectric anisotropy
are in a vertical orientation in the absence of an applied
voltage, is able to perform display in various display modes.
For example, in addition to a birefringence mode which per-
forms display by controlling the birefringence of the liquid
crystal layer with an electric field, an optical rotation mode, or
a combination of an optical rotation mode and a birefringence
mode may be adopted as the display mode. By providing a
pair of polarizers on the outer sides (i.e., the opposite side
from the liquid crystal layer 30) of the pair of substrates (e.g.,
a TFT substrate and a counter substrate) in any one of the
aforementioned liquid crystal display devices, a birefrin-
gence mode liquid crystal display device can be obtained.
Moreover, as necessary, a phase difference compensation
element (which typically is a phase difference plate) may be
provided. Furthermore, a bright liquid crystal display device
can also be obtained by employing substantially circularly-
polarized light.

[0116] As has been described above, the liquid crystal dis-
play device 100 provides a stable radially-inclined orientation
because the orientation regulating force from the picture ele-
ment electrode 14 and the orientation regulating force from
the protrusion 23 cooperate to cause the liquid crystal mol-
ecules to be oriented. However, if a stress which is applied to
the liquid crystal display device 100 is large, a long time will
be required for returning from a disturbed orientation state to
a normal orientation state, thus allowing a viewer to perceive
a degradation in display quality. The inventors have con-
ducted various studies concerning this problem to find that
this problem is attributable to the typical electrode structures
in the CPA method.

[0117] In the CPA method, as shown in FIG. 1(a) and the
like, the unit solid portions 14al are interconnected by the
connecting portions 14a2. According to the studies of the
inventors, when a stress is applied to the liquid crystal display
device 100, the center of orientation of the radially-inclined
orientation may be shifted from near the center of a unit solid
portion 14a1 onto a connecting portion 1442 and fixed at that
position, never coming back onto the unit solid portion 14a1.
This is illustrated in FIGS. 10(a) and (b). FIG. 10(a) is a
micrograph showing a state of a liquid crystal domain before
stress is applied; and FIG. 10(5) is a micrograph showing a
state of the liquid crystal domain after stress is applied.
[0118] As shown in FIG. 10(a), before stress application,
the center of the radially-inclined orientation (shown by + in
the figure) is located at the central portion of a unit solid
portion 1441 (near the center of a cross-like extinction pat-
tern). On the other hand, after stress application, the center of
orientation is located on a connecting portion 14a2, as shown
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in FIG. 10(b). As compared to the state where the center of
orientation is located on the center of the unit solid portion
1441 (i.e., the state shown in FIG. 10(a)), the state where the
center of orientation is located on the connecting portion
14a2 (i.e., the state shown in FIG. 10(5)) has a low rotational
symmetry in terms of probability of presence of the liquid
crystal molecules. Therefore, if the center of orientation
remains shifted onto the connecting portion 14a2 for a long
time, the viewing angle characteristics will be deteriorated.
[0119] In order to suppress the deterioration in display
quality associated with the aforementioned phenomenon, the
inventors have produced CPA-type liquid crystal display
devices having the basic construction shown in FIGS. 1(a)
and (b), while changing their cell parameters, and evaluated
their anti-pressure property. As a result, it has been found that
anti-pressure property can be greatly improved by prescrib-
ing the value of the length of the unit solid portion 1441, the
interval of the unit solid portions 14al, or the height of the
protrusion 23 to be within a predetermined range. Hereinaf-
ter, the evaluation results will be described more specifically.
[0120] First, FIG. 11 shows results of measuring a voltage
at which a trace of a pressing (a disturbance in orientation in
the pressed portion) disappears (hereinafter referred to as a
“trace-disappearing voltage™), the measurements being taken
while varying the length of the unit solid portion 14a2. A trace
of a pressing is more likely to disappear when the applied
voltage is lower, and less likely to disappear when the applied
voltage is higher. Therefore, the higher the trace-disappearing
voltage is, the better the anti-pressure property is.

[0121] The trace-disappearing voltage was measured as
follows. As shown in FIG. 12, when the liquid crystal display
device 100 (with a predetermined voltage being applied
across the liquid crystal layer 30) was pressed at 500 gf for 2
seconds via a length 10 mmxwidth 10 mmxthickness 3 mm
piece of silicone rubber, it was examined whether the trace
would disappear within 30 seconds, and the highest voltage at
which the trace disappeared within the 30 seconds was
defined as the trace-disappearing voltage. If the trace disap-
pears within 30 seconds in the pressure test under the afore-
mentioned conditions, the viewer will hardly perceive a deg-
radation in display quality when a stress is applied to the
liquid crystal panel in normal use (e.g., when wiping dirt off
the display surface or when a child inadvertently touches the
display surface).

[0122] The length of the unit solid portion 14al as men-
tioned herein is, as shown in FIG. 1(a), the length L of each
unit solid portion 14a1 along a direction D1 in which they are
arranged (i.e., the direction along which the connecting por-
tions 14al extend). The cell parameters of the liquid crystal
display devices used for evaluation were as shown in Table 1.

TABLE 1
Gray Scale Gray Scale
Thickness of Voltage corre- Voltage corre-
Liquid Crystal Height sponding to White  sponding to Black

Layer (Cell of Displaying State Displaying State
Thickness) Protrusion (White Voltage) (Black Voltage)

3.6 um 1.4 pm about4.0V about 1.6 V

Resolution (ppi)
75, 125, 150, 200, 250, 300
[0123] Firstly, it is seen from FIG. 11 that as the length L of

the unit solid portion 14al decreases, the trace-disappearing
voltage increases and the anti-pressure property becomes
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more enhanced. This is considered because, as the length L of
the unit solid portion 14a1 becomes shorter, the distance from
the center of the unit solid portion 144l to the connecting
portion 14a2 becomes shorter, so that the shifted center of
orientation is more likely to return from the connecting por-
tion 1442 to the center of the unit solid portion 14al.

[0124] Itis also seen from FIG. 11 that, when the length L
of the unit solid portion 144l is about 70 um or less, the
trace-disappearing voltage becomes almost constant at a high
level (e.g., about 3.7 to 3.8V in this case). Therefore, by
prescribing the length L of the unit solid portion 14a1 to be 70
wm or less, deterioration in display quality caused by a press-
ing on the liquid crystal panel can be adequately suppressed.
[0125] Note that, as shown in FIG. 11, the anti-pressure
property improving effect obtained by reducing the length L
of the unit solid portion 1441 is almost constant at 70 pm or
less. Therefore, the length L of the unit solid portion 14a1
may preferably be in the range of 70 um or less. Within this
range, an optimum value may be selected while paying atten-
tion to other characteristics (e.g., aperture ratio), in accor-
dance with the size of the picture element region.

[0126] Next, FIG. 13 shows results of measuring a trace-
disappearing voltage while varying the interval S between
unit solid portions 1441 along the direction D1 in which the
unit solid portions 14al are arranged (corresponding to the
length of each connecting portion 1442 along the arranging
direction D1). The cell parameters of the liquid crystal dis-
play devices used herein are as shown in Table 2.

TABLE 2
Gray Scale Gray Scale
Thickness of Voltage corre- Voltage corre-
Liquid Crystal Height sponding to White  sponding to Black
Layer (Cell of Displaying State Displaying State
Thickness) Protrusion (White Voltage) (Black Voltage)
3.6 ym 1.4 pm about 4.0V about 1.6 V
Length L of Unit Solid Portion (um)
29, 41, 58, 70
[0127] Firstly, it is seen from FIG. 13 that as the interval S

between unit solid portions 144l increases, the trace-disap-
pearing voltage increases and the anti-pressure property
becomes more enhanced. This is considered because, as the
interval S between unit solid portions 14al becomes larger,
the width of the non-solid portion 145 between unit solid
portions 1441 (i.e., the recess portions 1452) becomes larger,
so that a strong oblique electric field is generated under an
applied voltage, thus exhibiting a strong orientation regulat-
ing force.

[0128] Moreover, itcanbe seen from FIG. 13 that, when the
interval S between unit solid portions 14a1 is about 8.0 um or
more, the trace-disappearing voltage becomes almost con-
stant at a high level (about 3.8V). Therefore, by prescribing
the interval S between unit solid portions 14a1 to be 8.0 um or
less, deterioration in display quality caused by a pressing on
the liquid crystal panel can be adequately suppressed.
[0129] Note that the interval S between unit solid portions
1441 may deviate from the design value due to fluctuations in
the manufacturing process. According to a study of the inven-
tors, in the case where ITO is used as the material of the
electrically-conductive film of the picture element electrode
14, for example, the edges of the solid portion 14a may
deviate from the designed positions by 0.25 um at the most.
Therefore, when allowing for a margin for the aforemen-
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tioned fluctuations, it is preferable to prescribe the interval S
between unit solid portions 14a1 to be 8.5 um (8.0 pm+(0.25
umx2)) or more.

[0130] Moreover, as shown in FIG. 13, the anti-pressure
property improving effect obtained by increasing the interval
S between unit solid portions 1441 is almost constant at 8.0
um or more; however, excessively increasing the interval S
will result in a reduced aperture ratio. Therefore, it is prefer-
able that the interval S between unit solid portions 1441 is not
too large while remaining within the range of 8.0 jum or more
(or 8.5 um, in the case of allowing for a margin for fluctua-
tions during production).

[0131] Next, FIG. 14 shows results of measuring a trace-
disappearing voltage while varying the height H of the pro-
trusion 23. On the horizontal axis of FIG. 14, not only the
height H of the protrusion 23, but also a value H/D obtained
by normalizing the height H of the protrusion 23 by the cell
thickness (thickness of the liquid crystal layer 30) D (i.e., a
ratio of the height H of the protrusion 23 to the cell thickness
D) is shown. The cell parameters of the liquid crystal display
device used herein are as shown in Table 3.

TABLE 3
Gray Scale Gray Scale
Thickness of Interval Voltage corre- Voltage corre-
Liquid Crystal between sponding toWhite  sponding to Black
Layer (Cell Unit Solid Displaying State Displaying State
Thickness) Portions (White Voltage) (Black Voltage)
3.6 um 8.0 pm about 4.0V about 1.6 V
Length L of Unit Solid Portion (pm)
40.8,57.6,72
[0132] Firstly, itis seen from FIG. 14 that as the height H of

the protrusion 23 increases and H/D increases, the trace-
disappearing voltage increases and the anti-pressure property
becomes more enhanced. This is considered because, as the
height H of the protrusion 23 increases, and as H/D increases,
the orientation regulating force from the protrusion 23
becomes stronger. For example, when the height H of the
protrusion 23 is increased while keeping the cell thickness D
constant, the surface area of the protrusion 23 increases so
that the number of liquid crystal molecules which directly
receive the orientation regulating force from the surface of the
protrusion 23 increases, whereby the orientation regulating
force becomes stronger. On the other hand, when the cell
thickness D is decreased while keeping the height H of the
protrusion 23 constant, the probability of presence of those
liquid crystal molecules within the liquid crystal layer 30
which directly receive the orientation regulating force from
the surface of the protrusion 23 increases, so that the orien-
tation regulating force also becomes stronger.

[0133] TItis also seen from FIG. 14 that, when the height H
of'the protrusion 23 is about 1.5 um or more (i.e., H/D is about
0.42 (=1.5/3.6) or more), no trace of a pressing will be left at
any level of voltage that will actually be used as a gray scale
voltage. Therefore, by prescribing the height H of the protru-
sion 23 to be 1.5 um or more, or prescribing H/D to be 0.42 or
more, deterioration in display quality caused by a pressing on
the liquid crystal panel can be adequately suppressed.
[0134] Note that the height H of the protrusion 23 may
deviate from the design value due to fluctuations in the manu-
facturing process. According to a study of the inventors, in the
case where a resin is used as the material of the protrusion 23,
for example, the height of the protrusion 23 may deviate from
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the design value by 0.2 um at the most. Therefore, when
allowing for a margin for the aforementioned fluctuations, it
is preferable to prescribe the height of the protrusion 23 to be
1.7 um or more, or prescribe H/D to be 0.47 (=1.7/3.6) or
more; and it is more preferable to prescribe the height of the
protrusion 23 to be 1.9 pm or more, or prescribe H/D to be
0.53 (=1.9/3.6) or more.

[0135] Since the protrusions 23 may also function as
columnar spacers that define the cell thickness, the height of
each protrusion 23 may preferably be in the range of 1.5 um
or more and equal to or less than the cell thickness (thickness
of the liquid crystal layer 30), and H/D may preferably be in
the range of no less than 0.42 and no more than 1. However,
since the protrusions 23 will place the liquid crystal mol-
ecules 30a in a radially-inclined orientation even in the
absence of an applied voltage, the protrusions 23 may cause
leakage of light in a black displaying state under the normally
black mode. Therefore, in the case where the contrast ratio is
regarded as important, it is preferable to prescribe a low
height H for the protrusions 23 within the aforementioned
range.

[0136] As described above, deterioration in display quality
caused by a pressing can be adequately suppressed if the
liquid crystal display device satisfies at least one of conditions
(1) to (3) below. Of course, from the standpoint of effectively
suppressing deterioration in display quality, it is preferable
that at least two of conditions (1) to (3) are satisfied, and it is
even more preferable that all of the three are satisfied.
[0137] Condition (1) the length L of the unit solid portion
1441 is 70 um or less

[0138] Condition (2) the interval S between unit solid por-
tions 1441 is 8.0 pm or more (more preferably 8.5 um or less)
[0139] Condition (3) height H of the protrusion 23/cell
thickness D is 0.42 or more (more preferably 0.47 or more,
and still more preferably 0.53 or more)

[0140] The liquid crystal display device has an excellent
anti-pressure property as described above, and therefore can
be suitably used for various electronic apparatuses. For
example, it can be suitably used in a mobile electronic appa-
ratus such as a PDA or a mobile phone, and in an electronic
apparatus which does not have a protective plate such as an
acrylic plate on the viewer’s side of the counter substrate.
Moreover, as has already been described, a trace of a pressing
is more likely to disappear as the voltage applied across the
liquid crystal layer 30 is lower. Therefore, even if a distur-
bance in orientation is caused by a pressing, the orientation
will return to the normal state if a voltage which is close to the
black voltage is applied thereafter. Therefore, the present
technology will have a greater significance in an electronic
apparatus which is likely to keep displaying the same image
than in an electronic apparatus which frequently switches its
displayed image.

[0141] Although the present technology has been described
with respect to a transmission-type liquid crystal display
device as an example, the present technology can also be
suitably used for a transflective-type liquid crystal display
device. FIGS. 15(a) and (b) show a transflective-type liquid
crystal display device 200.

[0142] A picture element region of the liquid crystal dis-
play device 200 shown in FIGS. 15(a) and () includes trans-
mission regions T in which transmission-mode display is
performed by using light entering through the TFT substrate
200a (which typically is light from a backlight), and reflec-
tion regions R in which reflection-mode display is performed
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by using light entering through the counter substrate 20056
(which typically is external light).

[0143] Typically, the picture element electrode 14 includes
a transparent electrode which is formed of a transparent elec-
trically-conductive material (e.g. ITO) and reflection elec-
trodes formed of an electrically-conductive material having
light reflectiveness (e.g. aluminum), such that the transparent
electrode defines the transmission region T and the reflection
electrodes define the reflection regions R. If minute rugged-
nesses are provided on the surface of the reflection electrodes,
it becomes possible to effect diffuse reflection of light with
the reflection electrodes, whereby a white displaying state
close to paper-white can be realized.

[0144] In the transmission-mode display, light which is
used for displaying travels through the liquid crystal layer 30
only once, whereas in the reflection-mode display, light
which is used for displaying travels through the liquid crystal
layer 30 twice. As shown in FIG. 15(), by making a thickness
D' of the liquid crystal layer 30 in the reflection regions R
smaller than a thickness D of the liquid crystal layer 30 in the
transmission region T, it can be ensured that the retardation
which is imparted by the liquid crystal layer 30 to the light
used for the reflection mode is close to the retardation which
is imparted by the liquid crystal layer 30 to the light used for
the transmission mode. By prescribing the thickness D' of the
liquid crystal layer 30 in the reflection regions R to be sub-
stantially %2 of the thickness D of the liquid crystal layer 30 in
the transmission region T, it becomes possible to ensure that
the retardations which are imparted by the liquid crystal layer
30 to the light used for both display modes are substantially
equal.

[0145] In the present embodiment, the counter substrate
2005 has level differences, each including: an upper-level
face 20051 which is located in a reflection region R; a lower-
level face 20052 which is located in a transmission region T;
and a side face 20053 which connects between the upper-level
face 20051 and the lower-level face 20052. As a result, the
thickness D' of the liquid crystal layer 30 in any reflection
region R is made smaller than the thickness D of the liquid
crystal layer 30 in any transmission region T. Specifically, the
level difference of the counter substrate 2005 is formed by
providing a transparent dielectric layer 29 selectively in the
reflection regions R of the counter substrate 20056. Each side
face 200563 of level difference is located in a reflection region
R, and is covered by the counter electrode 22.

[0146] The transflective-type liquid crystal display device
200 of the aforementioned construction can also attain an
excellent anti-pressure property by satisfying at least one of
conditions (1) to (3). However, in the first place, the reflection
regions R are regions which have a lower contrast ratio than
the transmission regions T and their display characteristics
requirements are low. Therefore, even if some disturbance in
orientation occurs in the reflection regions R, there is little
unfavorable influence on display. Therefore, as for condition
(1), sufficient display quality can be obtained if the unit solid
portions 14al located in the transmission regions T satisfy
this condition, and as for condition (3), sufficient display
quality can be obtained if the protrusions 23 located in the
transmission regions T satisfy this condition. Of course, from
the standpoint of further improving the display quality, it is
preferable that conditions (1) or (3) are satisfied also with
respect to the unit solid portions 1441 and the protrusions 23
located in the reflection regions R.
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[0147] While the liquid crystal display device 200 shown in
FIGS. 15(a) and (b) realizes a multi-gap structure by provid-
ing level differences in the counter substrate 2005, a multi-
gap structure may be realized, as in the liquid crystal display
device 300 shown in FIG. 16, by providing level differences
in a TFT substrate 300qa, without providing level differences
in a counter substrate 30056. The TFT substrate 300a of the
liquid crystal display device 300 has an insulative film 19
which is provided under reflection electrodes, thus forming
level differences. As shown in FIGS. 15(a) and (b), adopting
a structure where level differences are provided in the counter
substrate 2005 can simplify manufacture of the TFT substrate
200a.

[0148] In the case where a multi-gap structure is adopted,
each side face of level difference is tilted against the substrate
plane, and therefore those liquid crystal molecules which are
oriented perpendicularly with respect to such side faces cause
leakage of light in a black displaying state, thus lowering the
contrast ratio. However, in the liquid crystal display device
200, as shown in FIG. 15(b), each side face 200563 of level
difference is located in a reflection region R, and therefore a
decrease in contrast ratio does not occur in the transmission
regions T, whereby deterioration in display quality can be
suppressed. On the other hand, in the liquid crystal display
device 300 shown in FIG. 16, each side face 300a3 of level
difference is not located in a reflection region R, and therefore
leakage of transmitted light (light which is used for transmis-
sion-mode display) may occur, resulting in a noticeable dete-
rioration in display quality.

[0149] Moreover, in the liquid crystal display device 300
shown in FIG. 16, each side face 30043 of level difference is
a region which is not covered by an electrode, and orientation
restriction is realized by utilizing an oblique electric field
generated in the side face 30043, as shown in FIG. 17(a).
However, since the side face 30043 is tilted with respect to the
substrate plane, orientation control may become difficult
depending on the magnitude of the applied voltage, the tilting
angle of the side face 30043, and so on. For example, if the
tilting angle of the side face 30043 is large as shown in FIG.
17(b), the angle between the equipotential line EQ and each
liquid crystal molecule 30a may become close to 90°, so that
the orientation regulating force may become extremely weak.
[0150] Inthe liquid crystal display device 200, on the other
hand, level differences are provided in the counter substrate
2005, so that the side faces 20053 of level difference can be
covered by the electrode 22. As shown in FIG. 18, on a side
face 20063 which is covered by the electrode 22, the equipo-
tential line EQ is parallel to the side face 20053 and orthogo-
nal to the liquid crystal molecules 30a, and therefore orien-
tation regulating force is not exhibited.

[0151] As described above, the liquid crystal display device
200 realizes a multi-gap structure with the level differences
which are provided in the counter substrate 2005. Further-
more, since each side face 30053 of level difference is located
in a reflection region R and covered by the electrode 22,
deterioration in display quality due to the tilt of the side faces
30053 of level difference can be suppressed.

[0152] Next, other picture element electrodes to be used in
the liquid crystal display device will be described. Although
constructions in which unit solid portions 1441 are arranged
in a single row within each picture element region are illus-
trated in FIG. 1(a) and the like, the unit solid portions 14al
may be arranged in a plurality of rows within each picture
element region.
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[0153] FIG. 19 shows another example of a picture element
electrode. A picture element electrode 14E shown in FIG. 19
has unit solid portions 14a1 which are arranged in two rows
along a first direction D1 and a second direction D2 which is
substantially orthogonal to the first direction.

[0154] The picture element electrode 14E includes con-
necting portions 1442 which connect between adjoining unit
solid portions 14a1 along the first direction D1, and connect-
ing portions 14a2 which connect between adjoining unit solid
portions 14a1 along the second direction D2. Therefore, it is
preferable that the length 1.1 along the first direction D1 and
the length .2 along the second direction D2 of each unit solid
portion 14a1 both satisfy condition (1) above, and that the
interval S1 along the first direction D1 and the interval S2
along the second directions D2 between unit solid portions
14a1 both satisfy condition (2).

[0155] Note that a non-solid portion 146 of the picture
element electrode 14E includes openings 1463 each sur-
rounded by the solid portion 14a. Under an applied voltage,
liquid crystal domains are formed not only in regions corre-
sponding to the unit solid portions 1441 but also in regions
corresponding to the openings 1453. This is illustrated in
FIGS. 20(a) to (c). FIG. 20(a) shows absence of an applied
voltage; FIG. 20() shows a state where the orientation has
begun to change; and FIG. 20(c) shows a stationary state.
[0156] Asshown inFIG. 20(a), in the absence of an applied
voltage, the liquid crystal molecules 30a are oriented almost
vertically with respect to the substrate plane. When a voltage
is applied across the liquid crystal layer 30, as shown in FIG.
20(b), the liquid crystal molecules 30a near the edges of the
non-solid portion 145 begin to be tilted under the influence of
an oblique electric field, and the other liquid crystal mol-
ecules 30a are tilted so as to match the orientation of the tilted
liquid crystal molecules 30a near the edges of the non-solid
portion 145. As a result, as shown in FIG. 20(¢), liquid crystal
domains are formed on each unit solid portion 1441 and on
each opening 1453. The liquid crystal molecules 30q in a
liquid crystal domain formed in a region corresponding to
each opening 1453 are in a radially-inclined orientation
which is symmetric with respect to the center of the opening
1453.

[0157] The radially-inclined orientation in the liquid crys-
tal domain which is formed on each unit solid portion 14al
and the radially-inclined orientation in the liquid crystal
domain which is formed on each opening 14541 are continu-
ous with each other, and are both oriented so as to match the
orientations of the liquid crystal molecules 30a at the edges
EG of the non-solid portion 144. The liquid crystal molecules
30q in the liquid crystal domain which is formed on each
opening 1453 are oriented in a conical shape which opens
toward the upper side (counter substrate side), whereas the
liquid crystal molecules 30a in the liquid crystal domain
which is formed on each unit solid portion 14a1 are oriented
in conical shape which opens toward the lower side (TFT
substrate side).

[0158] Since the orientation of the liquid crystal domain
which is formed on each unit solid portion 144l and the
orientation of the liquid crystal domain which is formed on
each opening 1453 are continuous with each other, no discli-
nation lines (disclination) are formed at boundaries therebe-
tween. As a result, deterioration in display quality will not
occur due to generation of disclination lines.

[0159] In order to realize good response characteristics
(fast response speed), it is necessary to allow an oblique
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electric field for controlling the orientations of the liquid
crystal molecules 30a to act on many liquid crystal molecules
30a, which requires a large number of non-solid portions 145
to be formed. Even if a large number of openings 1453 are
formed for improving the response characteristics, corre-
sponding deterioration in display quality (occurrence of
coarseness) can be suppressed when liquid crystal domains
are formed corresponding to the openings 14563.

[0160] Note that, when liquid crystal domains each taking a
radially-inclined orientation are formed corresponding to the
unit solid portions 14a1l, orientation continuity of the liquid
crystal molecules 30a within each picture element region can
be attained even if the liquid crystal domain which is formed
corresponding to each opening 1453 does not take an exactly
radially-inclined orientation, and therefore, the liquid crystal
domain which is formed corresponding to each unit solid
portion 1441 has a stable radially-inclined orientation. Espe-
cially in the case where the area of each opening 14563 is
small, there is little contribution to display, so that deteriora-
tion in display quality will not be problematic even if a liquid
crystal domain of a radially-inclined orientation is not formed
in a region corresponding to each opening 14543.

[0161] In the case where unit solid portions 14al are
arranged in a plurality of rows, some of the connecting por-
tions 1442 may be omitted. Since no shift occurs in the center
of orientation occurs in the portions where the connecting
portions 1442 are omitted, omitting some of the connecting
portions 1442 will result in a corresponding improvement in
anti-pressure property.

[0162] FIG. 21 and FIG. 22 show picture element elec-
trodes 14F and 14G in which some of the connecting portions
are omitted. In the picture element electrode 14F shown in
FIG. 21, no connecting portions 1442 are provided along the
second direction D2. In the picture element electrode 14G
shown in FIG. 22, some of the connecting portions 14a2
along the second direction D2 are omitted. When such picture
element electrodes 14F and 14G are employed, deterioration
in display quality due to press is unlikely to occur because no
shift in the center of orientation occurs in the regions where
connecting portions 1442 are omitted.

[0163] Especially when all of the connecting portions 14a2
along the second direction D2 are omitted, as in the case of
employing the picture element electrode 14F shown in FIG.
21, no shift in the center of orientation occurs along the
second direction D2. Therefore, as to the second direction D2,
it becomes unnecessary for the length [.2 and interval S2 of
the unit solid portions 1441 to satisfy conditions (1) and (2),
whereby the design freedom of the picture element electrode
increases. However, in the case of employing the picture
element electrode 14F shown in FIG. 21, the row of unit solid
portions 14a1 on the right-hand side and the row of unit solid
portions 1441 on the left-hand side are not electrically con-
nected via connecting portions; therefore, it must separately
be ensured that they are electrically connected to TFTs.

INDUSTRIAL APPLICABILITY

[0164] According to the present technology, there is pro-
vided a CPA-type liquid crystal display device in which dete-
rioration in display quality due to application of stress to a
liquid crystal panel is suppressed.

[0165] A liquid crystal display device has excellent anti-
pressure property and therefore can be suitably used for vari-
ous electronic apparatuses, and can be especially suitably
used in a mobile electronic apparatus electronic apparatus
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such as a PDA or a mobile phone, and in an electronic appa-
ratus which does not have a protective plate on the viewer’s
side.

1. A liquid crystal display device comprising:

a first substrate; a second substrate; a liquid crystal layer of
a vertical-alignment type provided between the first sub-
strate and the second substrate; and

a picture element region defined by a first electrode pro-
vided on a side of the first substrate facing the liquid
crystal layer and a second electrode provided on the
second substrate and opposing the first electrode via the
liquid crystal layer, wherein,

the picture element region includes a transmission region
in which transmission-mode display is performed by
using light entering through the first substrate;

in the picture element region, the first electrode includes a
solid portion formed of an electrically-conductive film
and a non-solid portion in which no electrically-conduc-
tive film is formed, the solid portion including a plurality
of unit solid portions each of which is substantially
surrounded by the non-solid portion, the plurality of unit
solid portions being arranged at least along a first direc-
tion;

when a voltage is applied between the first electrode and
the second electrode, with an oblique electric field gen-
erated at an edge of the non-solid portion, the liquid
crystal layer forms a liquid crystal domain on each of the
plurality of unit solid portions, the liquid crystal domain
taking a radially-inclined orientation; and

the plurality of unit solid portions include at least one unit
solid portion located in the transmission region, and a
length of the unit solid portion located in the transmis-
sion region, along the first direction, is 70 pm or less.

2. The liquid crystal display device of claim 1, wherein an

interval of the plurality of unit solid portions along the first
direction is 8.0 um or more.

3. A liquid crystal display device comprising:

a first substrate; a second substrate; a liquid crystal layer of
a vertical-alignment type provided between the first sub-
strate and the second substrate; and

a picture element region defined by a first electrode pro-
vided on a side of the first substrate facing the liquid
crystal layer and a second electrode provided on the
second substrate and opposing the first electrode via the
liquid crystal layer, wherein,

the picture element region includes a transmission region
in which transmission-mode display is performed by
using light entering through the first substrate;

in the picture element region, the first electrode includes a
solid portion formed of an electrically-conductive film
and a non-solid portion in which no electrically-conduc-
tive film is formed, the solid portion including a plurality
of unit solid portions each of which is substantially
surrounded by the non-solid portion;

when a voltage is applied between the first electrode and
the second electrode, with an oblique electric field gen-
erated at an edge of the non-solid portion, the liquid
crystal layer forms a liquid crystal domain on each of the
plurality of unit solid portions, the liquid crystal domain
taking a radially-inclined orientation; and

the plurality of unit solid portions are arranged at least
along a first direction, and an interval of the plurality of
unit solid portions along the first direction is 8.0 pm or
more.



US 2010/0165274 Al

4. The liquid crystal display device of claim 2, wherein the
interval of the plurality of unit solid portions along the first
direction is 8.5 um or more.

5. The liquid crystal display device of claim 1, wherein the
second substrate includes a protrusion provided in a region
corresponding to a vicinity of a center of the liquid crystal
domain formed in the transmission region, and a ratio H/D of
a height H of the protrusion to a thickness D of the liquid
crystal layer is 0.42 or more.

6. A liquid crystal display device comprising:

a first substrate; a second substrate; a liquid crystal layer of

a vertical-alignment type provided between the first sub-
strate and the second substrate; and

a picture element region defined by a first electrode pro-

vided on a side of the first substrate facing the liquid
crystal layer and a second electrode provided on the
second substrate and opposing the first electrode via the
liquid crystal layer, wherein,

the picture element region includes a transmission region

in which transmission-mode display is performed by
using light entering through the first substrate;

in the picture element region, the first electrode includes a

solid portion formed of an electrically-conductive film
and a non-solid portion in which no electrically-conduc-
tive film is formed, the solid portion including a plurality
of unit solid portions each of which is substantially
surrounded by the non-solid portion, the plurality of unit
solid portions being arranged at least along a first direc-
tion;

when a voltage is applied between the first electrode and

the second electrode, with an oblique electric field gen-
erated at an edge of the non-solid portion, the liquid
crystal layer forms a liquid crystal domain on each of the
plurality of unit solid portions, the liquid crystal domain
taking a radially-inclined orientation; and

the second substrate includes a protrusion provided in a

region corresponding to a vicinity of a center of the
liquid crystal domain formed in the transmission region,
and a ratio H/D of a height H of the protrusion to a
thickness D of the liquid crystal layer is 0.42 or more.

7. The liquid crystal display device of claim 5, wherein the
ratio H/D of a height H of the protrusion to a thickness D of
the liquid crystal layer is 0.47 or more.

8. The liquid crystal display device of claim 7, wherein the
ratio H/D of a height H of the protrusion to a thickness D of
the liquid crystal layer is 0.53 or more.
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9. The liquid crystal display device of claim 1, wherein the
solid portion of the first electrode includes at least one con-
necting portion connecting between two adjoining unit solid
portions among the plurality of unit solid portions.

10. The liquid crystal display device of claim 9, wherein
the at least one connecting portion includes a connecting
portion connecting between, among the plurality of unit solid
portions, those unit solid portions which adjoin each other
along the first direction.

11. The liquid crystal display device of claim 1, wherein
the picture element region further includes a reflection region
in which reflection-mode display is performed by using light
entering through the second substrate.

12. The liquid crystal display device of claim 1, wherein
the orientation of the liquid crystal domain and an orientation
of a region of the liquid crystal layer corresponding to the
non-solid portion are continuous with each other.

13. The liquid crystal display device of claim 1, wherein
each of the plurality of unit solid portions is of a shape having
rotational symmetry.

14. The liquid crystal display device of claim 13, wherein
each of the plurality of unit solid portions is of a generally
rectangular shape.

15. The liquid crystal display device of claim 13, wherein
each of the plurality of unit solid portions is of a generally
rectangular shape having generally arc-shaped corners.

16. The liquid crystal display device of claim 1, wherein
the plurality of unit solid portions are arranged also along a
second direction intersecting the first direction.

17. The liquid crystal display device of claim 16, wherein
the non-solid portion has at least one opening which is sub-
stantially surrounded by the solid portion, and when a voltage
is applied between the first electrode and the second elec-
trode, the liquid crystal layer forms a liquid crystal domain
also in a region of the liquid crystal layer corresponding to the
opening, the liquid crystal domain taking a radially-inclined
orientation.

18. The electronic apparatus comprising the liquid crystal
display device of claim 1.

19. The electronic apparatus of claim 18, which is a mobile
electronic apparatus.

20. The electronic apparatus of claim 18 not comprising a
protective plate on a viewer’s side of the second substrate.

Ed sk Ed Ed Ed
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