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Right twist

(7) ABSTRACT

A liquid crystal element achieving both optical control utiliz-
ing a memory property and optical control capable of sup-
porting moving image displays is disclosed. The first sub-
strate and the second substrate of the element are set in an
orientation process direction that ensures generation of a first
orientation state, and a chiral material that generates a second
orientation state is included in the liquid crystal layer. The
layer transitions from the second orientation state to the first
orientation state when an electric field of a layer thickness
direction is applied. The layer transitions from the first ori-
entation state to the second orientation state when an electric
field of a direction perpendicular to the layer thickness direc-
tion is applied. And the layer returns to the second orientation
state when an orientation change is generated according to the
strength of the electric field when an electric field of the
perpendicular direction is applied.
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LIQUID CRYSTAL ELEMENT AND LIQUID
CRYSTAL DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a new liquid crystal
element and a liquid crystal display apparatus that utilize a
transition between two orientation states.

[0003] 2. Description of the Background Art

[0004] Japanese Patent No. 2510150 (hereinafter referred
to as “Patent Document 1) discloses a liquid crystal display
apparatus in which electro-optical properties are improved by
twisting and orienting the liquid crystal molecules in a turn-
ing direction that is opposite to a turning direction regulated
by a combination of the directions of an orientation process
performed on each of a pair of substrates disposed facing each
other. Further, Japanese Patent Laid-Open No. 2007-293278
(hereinafter referred to as Patent Document 2) discloses a
liquid crystal element in which the strain inside a liquid
crystal layer is increased by twisting and orienting the liquid
crystal molecules in a turning direction (first turning direc-
tion) regulated by a combination of directions of an orienta-
tion process performed on each of a pair of substrates dis-
posed facing each other, while adding a chiral agent twisted in
a turning direction (second turning direction) opposite to the
first turning direction, thereby decreasing the threshold volt-
age and making low voltage driving possible.

[0005] However, the liquid crystal display apparatus of
Patent Document 1 described above has the disadvantage that
the reversed twist orientation state is unstable and, although
the reversed twist orientation state can be obtained by apply-
ing a relatively high voltage to the liquid crystal layer, the
state transitions to a splayed twist state over time. Further, the
liquid crystal element of Patent Document 2, while having the
advantage of decreasing the threshold voltage as described
above, has the disadvantage that the state quickly transitions
to asplayed twist orientation state (in about a few seconds, for
example) when the voltage is turned off, thereby conversely
increasing the threshold voltage. Further, neither Patent
Document 1 nor Patent Document 2 assumes positive utiliza-
tion of the two splayed twist and reversed twist orientation
states as an application for displays or the like. That is, there
exists no disclosure or suggestion of a technical idea such as
a driving method or configuration required to positively uti-
lize bistability or the like.

[0006] Hence, the present inventor has been engaged in
investigating a liquid crystal element of a new reversed-TN
mode (Reversed-Twisted Nematic mode, hereinafter abbre-
viated as R-TN mode) that can resolve the disadvantages of
the prior documents described above. For example, Japanese
Patent Laid-Open No. 2011-203547 (hereinafter referred to
as Patent Document 3) discloses a technique related to an
R-TN mode liquid crystal element that is in a splayed twist
orientation in the initial state, but stabilizes in a reversed twist
orientation when a vertical electric field is applied one time.
[0007] Further, the present inventor has been engaged in
investigating a liquid crystal display apparatus in which a
plurality ofliquid crystal elements is arranged and each liquid
crystal element is individually driven using a switching ele-
ment such as a thin film transistor, as an embodiment of a
liquid crystal display apparatus that uses the new R-TN mode
liquid crystal element described above. Hence, a structural
example of a switching element and an electrode for driving
using a horizontal electric field is disclosed in Japanese Patent
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No. 4238877 (hereinafter referred to as Patent Document 4),
for example. Nevertheless, the structure of the switching ele-
ment and the electrode such as disclosed in this Patent Docu-
ment 4 is not suitable for driving the new R-TN mode liquid
crystal element according to the present inventor.

[0008] However, while the R-TN mode liquid crystal ele-
ment disclosed in Patent Document 3 is capable of static
image display utilizing the memory property thereof, basi-
cally one of the two orientation states is selectively used,
making the element not suitable for optical control that sup-
ports half-tone displays and moving image displays.

[0009] It is therefore an object of the specific aspects
according to the present invention to provide a new liquid
crystal element capable of achieving both optical control that
utilizes a memory property and optical control that is capable
of supporting moving image displays and the like.

[0010] Further, another object of the specific aspects
according to the present invention is to provide a liquid crystal
display apparatus capable of achieving both displays that
utilize a memory property and moving image displays and the
like.

SUMMARY OF THE INVENTION

[0011] The liquid crystal element of an aspect according to
the present invention is a liquid crystal element comprising
(a) a first substrate and a second substrate subjected to an
orientation process on one surface each, disposed facing each
other, (b) a liquid crystal layer provided between the first
substrate and the second substrate, and (¢) electric field apply-
ing means that applies an electric field to the liquid crystal
layer, wherein (d) the first substrate and the second substrate
are set in an orientation process direction that ensures gen-
eration of a first orientation state wherein the liquid crystal
molecules of the liquid crystal layer are twisted in a first
direction, and a chiral material of a property that generates a
second orientation state wherein the liquid crystal molecules
are twisted in a second direction that is opposite to the first
direction is included in the liquid crystal layer, and (e) the
liquid crystal layer transitions from the second orientation
state to the first orientation state with the application of an
electric field of a layer thickness direction of the liquid crystal
layer by the electric field applying means, transitions from the
first orientation state to the second orientation state with the
application of an electric field of a direction perpendicular to
the layer thickness direction by the electric field applying
means, and further returns to the second orientation state
when an orientation change is generated according to the
strength of the electric field with the application of an electric
field of the perpendicular direction by the electric field apply-
ing means in the second orientation state, which removes the
electric field.

[0012] According to the above described configuration,
optical control that utilizes a memory property by utilizing a
transition between the first orientation state and the second
orientation state can be achieved, and optical control that
supports half-tone displays and moving image displays by
generating an orientation change according to the strength of
the electric field by further using an electric field ofa direction
perpendicular to the layer thickness direction of the liquid
crystal layer in the second orientation state can be achieved.
[0013] In the above described liquid crystal element, the
electric field applying means preferably comprises a first
electrode provided on one surface side of the first substrate, a
second electrode provided on one surface side of the first
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substrate, away from the first electrode, and a common elec-
trode provided on one surface side of the second substrate so
that at least a portion thereof is superimposed with the first
electrode and the second electrode.

[0014] With this arrangement, it is possible to freely pro-
duce an electric field of a layer thickness direction of the
liquid crystal layer, and voltage of a direction perpendicular
thereto.

[0015] In the above described liquid crystal element, at
least one of the first electrode and the second electrode pref-
erably comprises a plurality of linear parts disposed parallel
to and away from each other. Further, in the above described
liquid crystal element, the first electrode and the second elec-
trode are preferably layered via an insulation film.

[0016] With this arrangement, it is possible to apply an
electric field (horizontal electric field) of a direction parallel
to the substrate surface, which is required for generating a
transition between two orientation states, to the liquid crystal
layer more effectively.

[0017] The above described liquid crystal element prefer-
ably further comprises a switching element that is provided
on one surface side of the first substrate and connected to the
first electrode or the second electrode.

[0018] With this arrangement, it is possible to obtain a
liquid crystal element suitable for an active matrix driven type
display apparatus.

[0019] In the above described liquid crystal element, the
first substrate and the second substrate each preferably impart
a pretilt angle of 20° or greater to the liquid crystal molecules
of the liquid crystal layer on the boundary surface with the
liquid crystal layer. Further, the chiral material is preferably
added so thata ratio d/p of a chiral pitch with respect to a layer
thickness d of the liquid crystal layer is greater than or equal
to 0.04 and less than or equal to 0.75.

[0020] With this arrangement, it is possible to further
increase the bistability of the two orientation states.

[0021] The liquid crystal display apparatus of an aspect
according to the present invention is a liquid crystal display
apparatus that comprises a plurality of pixel parts, wherein
each of the plurality of pixel parts is configured using the
liquid crystal element according to the present invention
described above.

[0022] According to the above described configuration, it is
possible to obtain a liquid crystal display apparatus of low
power consumption that utilizes the bistability (memory
property) of two orientation states of a liquid crystal element,
and is capable of half-tone displays as well as moving image
displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1 is a schematic diagram schematically show-
ing the principle of an R-TN mode liquid crystal element.
[0024] FIG. 2 is a conceptual diagram for describing the
relationship between the electric field direction and the ori-
entation state of the liquid crystal layer when its state transi-
tions from a reversed twist state to a splayed twist state.
[0025] FIG. 3 is a conception diagram for describing the
relationship between the electric field direction and the ori-
entation state of the liquid crystal layer when it is elastically
deformed from its splayed twist state.

[0026] FIG. 41s a cross-sectional view showing a configu-
ration example of the R-TN mode liquid crystal element of
embodiment 1.
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[0027] FIG. 5 is a plan view of the R-TN mode liquid
crystal element shown in FIG. 4.

[0028] FIGS. 6A-6G are cross-sectional views showing a
manufacturing method of the R-TN mode liquid crystal ele-
ment of embodiment 1.

[0029] FIGS. 7A-7E are cross-sectional views showing a
manufacturing method of the R-TN mode liquid crystal ele-
ment of embodiment 1.

[0030] FIG. 8 is a diagram showing an example of the
voltage (horizontal electric field)—transmittance character-
istics of the R-TN mode liquid crystal element.

[0031] FIG. 9 is a diagram showing an example of the
viewing angle dependency of the R-TN mode liquid crystal
element.

[0032] FIG. 10 is across-sectional view showing a configu-
ration example of the R-TN mode liquid crystal element of
embodiment 2.

[0033] FIG. 11 is a plan view of the R-TN mode liquid
crystal element shown in FIG. 10.

[0034] FIGS. 12A-12G are cross-sectional views showing
a manufacturing method of the R-TN mode liquid crystal
element of embodiment 2.

[0035] FIGS. 13A-13D are cross-sectional views showing
a manufacturing method of the R-TN mode liquid crystal
element of embodiment 2.

[0036] FIG. 14A is a cross-sectional view schematically
showing a configuration example of the R-TN mode liquid
crystal element of embodiment 3.

[0037] FIG. 14B shows the relationship between the rub-
bing direction RL of the lower substrate and the rubbing
direction RU of'the upper substrate of the liquid crystal panel
of embodiment 3.

[0038] FIG. 15is across-sectional view showing a configu-
ration example of the R-TN mode liquid crystal element of
embodiment 3.

[0039] FIG. 16 is a diagram showing an example of the
reflectance characteristics of the R-TN mode liquid crystal
element of embodiment 3.

[0040] FIG. 17 is a diagram schematically showing a con-
figuration example of the liquid crystal display apparatus of
embodiment 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] The following describes embodiments of the
present invention with reference to drawings.

[0042] FIG. 11is a schematic diagram schematically show-
ing the principle of an R-TN mode liquid crystal element. An
R-TN mode liquid crystal element comprises an upper sub-
strate 1 and a lower substrate 2 disposed facing each other,
and a liquid crystal layer 3 provided therebetween as a basic
configuration. An orientation process, such as a rubbing pro-
cess, is performed on the respective surfaces of the upper
substrate 1 and the lower substrate 2. The directions of these
orientation processes (indicated by arrows in the figure) are
made to mutually intersect at an angle of about 90°, and thus
the upper substrate 1 and the lower substrate 2 are relatively
disposed. The liquid crystal layer 3 is formed by injecting a
nematic liquid crystal material between the upper substrate 1
and the lower substrate 2. A liquid crystal material in which a
chiral material that generates an action that twists the liquid
crystal molecules in a specific direction (a right turning direc-
tion in the example of FIG. 1) of an azimuth direction thereof
was added is used for this liquid crystal layer 3. Given d as the
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gap (cell thickness) between the upper substrate 1 and the
lower substrate 2 and p as the chiral pitch of the chiral mate-
rial, the value of the ratio d/p of these is set to about 0.04-0.75,
for example. In the initial state, such an R-TN mode liquid
crystal element is in a splayed twist state (second orientation
state) wherein the liquid crystal layer 3 is twisted while ori-
ented in a splayed orientation by the action of the chiral
material. When voltage exceeding the saturation voltage is
applied to the liquid crystal layer 3 in this splayed twist state
in the layer thickness direction thereof, the state transitions to
a reversed twist state (uniform twist state; first orientation
state) in which the liquid crystal molecules are twisted inaleft
turning direction. In the liquid crystal layer 3 in such a
reversed twist state, the liquid crystal molecules in the bulk
are tilted, resulting in the effect of decreasing the drive volt-
age of the liquid crystal element.

[0043] FIG. 2 is a conceptual diagram for describing the
relationship between the electric field direction and the ori-
entation state of the liquid crystal layer when the state tran-
sitions from a reversed twist state to a splayed twist state. It
should be noted that the liquid crystal material here is con-
sidered a material with a positive dielectric anisotropy Ae. As
shown on the left side of FIG. 2, the application direction of
the electric field is set so that the longitudinal direction of the
liquid crystal molecule in the substantial center of the layer
thickness direction of the liquid crystal layer in the reversed
twist state (the liquid crystal molecule shaded in the figure) is
not parallel but rather perpendicular or nearly perpendicular
to the electric field of a horizontal direction on the substrate
surface, to the extent possible. As a result, the liquid crystal
molecule in the substantial center of the layer thickness direc-
tion of the liquid crystal layer is reoriented along the electric
field direction, and thus the orientation state of the liquid
crystal layer transitions from the reversed twist state (R-t
state) to the splayed twist state (S-t state), as shown on the
right side of FIG. 2. It should be noted that, in a case where an
electric field is applied to the liquid crystal layer in a reversed
twist state so that the longitudinal direction of the liquid
crystal molecule in the substantial center of the layer thick-
ness direction is parallel or nearly parallel thereto, a transition
from the reversed twist state to the splayed twist state sub-
stantially does not occur. This is because reorientation of the
liquid crystal molecules by the electric field substantially
does not occur in the substantial center of the layer thickness
direction of the liquid crystal layer. Thus, to make the R-TN
mode liquid crystal element freely transition between the two
orientation states, an electric field (vertical electric field) in
the layer thickness direction of the liquid crystal layer and an
electric field (horizontal electric field) perpendicular thereto
need to be produced, and the horizontal electric field needs to
be set in a direction that is substantially or nearly perpendicu-
lar to the longitudinal direction of the liquid crystal molecule
in the substantial center of the layer thickness direction of the
liquid crystal layer in a reserved twist state.

[0044] FIG. 3 is a conception diagram of when the orien-
tation is further changed from the splayed twist state. In the
R-TN mode liquid crystal element described above, while the
state does not transition to a reversed twist state even if a
horizontal electric field is further applied to the liquid crystal
layer in a splayed twist state, the orientation changes in the
bulk, excluding the area near the boundary surface with the
substrate of the liquid crystal layer, so that the liquid crystal
molecules match the electric field direction. In this case, the
orientation state of the liquid crystal layer can be continually
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changed according to the strength of the electric field and an
orientation state that is close to a homogenous orientation can
be achieved by increasing the strength of the electric field by
a certain degree or greater, making it possible to control
transmitted light or reflected light. Further, the orientation
state of the liquid crystal layer is restored to the original
splayed twist state if the application of the electric field is
stopped. That is, the orientation change of the liquid crystal
layer here, so to speak, can be regarded as an elastic defor-
mation, and optical control capable of supporting half-tone
displays and moving image displays is possible by utilizing
this change. It should be noted that, in principle, the closer
that the orientation direction of the liquid crystal molecule in
the substantial center of the layer thickness direction of the
liquid crystal layer in the splayed twist state is to a direction
parallel or nearly parallel to the horizontal electric field, the
more readily the liquid crystal molecules of the liquid crystal
layer will match the electric field direction when the horizon-
tal electric field is applied. As a result, a correlation between
the orientation direction of the splayed twist state and the
electric field direction such as shown in FIG. 3 is preferred.
Further, while the twist angle of the liquid crystal layer is not
particularly limited, the twist angle of the splayed twist state
is preferably between 30° and 150°, and more preferably
between 70° and 110°, to achieve a high contrast ratio.

[0045] As described above, in the above described R-TN
mode liquid crystal element, the electric field direction is
controlled according to each orientation state by the electric
field applying means, thereby making it possible to achieve
both optical control that utilizes a memory property and opti-
cal control capable of supporting moving image displays and
the like. Next, a more detailed embodiment of the R-TN mode
liquid crystal element will be described.

Embodiment 1

[0046] FIG. 4 is a cross-sectional view showing a configu-
ration example of the R-TN mode liquid crystal element of
embodiment 1. Further, FIG. 5 is a plan view of the R-TN
mode liquid crystal element shown in FIG. 4. It should be
noted that FIG. 4 shows a cross-section along a line a-a shown
in FIG. 5. The R-TN mode liquid crystal element of this
embodiment shown in each figure is configured to comprise a
first substrate (lower substrate) 11, a second substrate (upper
substrate) 12, a first electrode 13, a common line 14, a scan
line 15, an insulation film 16, a semiconductor film 17, a
source electrode 18, a drain electrode 19, a second electrode
20, a first alighment film 21, a second alignment film 22, a
common electrode 23, a liquid crystal layer 24, a signal line
25, aninsulation film 26, a first polarizing plate (lower polat-
izing plate) 31, and a second polarizing plate (upper polariz-
ing plate) 32.

[0047] Thefirst substrate 11 and the second substrate 12 are
disposed facing each other, and each is a transparent sub-
strate, such as a glass substrate, plastic substrate, or the like,
for example. Multiple spacers (granules) are disposed in a
dispersed manner (not shown) between the first substrate 11
and the second substrate 12, and a gap between the first
substrate 11 and the second substrate 12 is maintained by
these spacers.

[0048] Thefirstelectrode 13 is provided on one surface side
of the first substrate 11. The first electrode 13 is formed into
a substantially rectangular shape, for example, as shown in
FIG. 5, and a part thereof is connected to the drain electrode
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19. This first electrode 13 is obtained by patterning a trans-
parent conductive film such as indium-tin oxide (ITO), for
example.

[0049] The common line 14 is provided on the insulation
film 26 on one surface side of the first substrate 11, and
extends in one direction (a direction Y shown in F1G. 5). This
common line 14 is connected to the second electrode 20 as
shown in FIG. 5, and a predetermined electric potential is
applied to the second electrode 20 via this common line 14.
As the common line 14, a metal film such as a layered film of
aluminum and molybdenum is used, for example. It should be
noted that the common line 14 may be provided on one
surface side of the insulation film 16 and extended in one
direction (a direction X shown in F1G. 5) parallel to the signal
line 25 and substantially perpendicular to the scan line 15. In
this case, since the signal line 25 and the common line 14 do
not intersect, the common line 14 may be integrally formed
with the signal line 25 and the source electrode 18. As the
wiring, similar to the signal line 25, a metal film such as a
layered film of aluminum and molybdenum is used, for
example. Further, in this case, formation ofthe insulation film
26 described later may be omitted.

[0050] The scan line 15 is provided on one surface side of
the first substrate 11, and extends in one direction (the direc-
tionY shown in FIG. 5). The scan line 15 in this example is
disposed sandwiching the first electrode 13 with the common
line 14 in the planar view, as shown in FIG. 5. As the scan line
15, a metal film such as a layered film of aluminum and
molybdenum is used, for example.

[0051] The insulation film 16 is provided on one surface
side of the first substrate 11, covering the first electrode 13
and the scan line 15. As this insulation film 16, a silicon
nitride film, a silicon oxide film, or a layered film thereof is
used, for example.

[0052] The semiconductor film 17 is provided to a prede-
termined position on the insulation film 16, superimposed
with the scan line 15. This semiconductor film 17 is patterned
into an island shape, as shown in FIG. 5. As the semiconduc-
tor film 17, an amorphous silicon film is used, for example.
The section of the scan line 15 that overlaps with the semi-
conductor film 17 functions as a gate electrode of a thin film
transistor. Further, the section of the insulation film 16 that
overlaps with the semiconductor film 17 functions as a gate
insulation film of the thin film transistor.

[0053] The source electrode 18 is provided to a predeter-
mined position on the insulation film 16, and a part thereof'is
connected to the semiconductor film 17. The source electrode
18 in this example is integrally formed with the signal line 25,
as shown in FIG. 5. As the source electrode 18 and the signal
line 25, a metal film such as a layered film of aluminum and
molybdenum is used, for example.

[0054] The drain electrode 19 is provided to a predeter-
mined position on the insulation film 16, and a part thereof
passes through the insulation film 16 and is connected to the
first electrode 13. As this drain electrode 19, a metal film such
as a layered film of aluminum and molybdenum is used, for
example.

[0055] The second electrode 20 is provided to a predeter-
mined position on the insulation film 26, and at least a part
thereof is superimposed with the first electrode 13 described
above. This second electrode 20 comprises a plurality of
openings (slits) 20a, as shown in FIG. 5. This second elec-
trode 20 is connected to the common line 14, as shown in FIG.
5. In this example, the second electrode 20 is integrally
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formed with the common line 14, and is obtained by pattern-
ing a transparent conductive film such as indium-tin oxide
(ITO), for example. The size of the second electrode 20 can be
set so that the width of the linear part that exists between each
of the openings 20a (the length in the direction X in FIG. 5) is
approximately 20 pum, and the width of each of the openings
20a (the length in the direction X in FIG. 5) is approximately
20 um, for example. A horizontal electric field can be applied
to the liquid crystal layer 24 by applying voltage between this
second electrode 20 and the above described first electrode
13.

[0056] The first alignment film 21 is provided on the insu-
lation film 26 on one surface side of the first substrate 11,
covering the semiconductor film 17, the source electrode 18,
the drain electrode 19, and the second electrode 20. Similarly,
the second alignment film 22 is provided on one surface side
of the second substrate 12, covering the common electrode
23. A uniaxial orientation process (such as a rubbing process
or an optical orientation process, for example) is performed
on the first alignment film 21 and the second alignment film
22, respectively. As the first alignment film 21 and the second
alignment film 22 of this embodiment, a film that expresses a
relatively high pretilt angle (20° or greater, more preferably
about 35°£10°) is used. A direction RL of the orientation
process of the first alignment film 21 and the direction RL of
the orientation process of the second alignment film 22 are set
so that an orientation direction D of the liquid crystal mol-
ecule in the substantial center of the layer thickness direction
when the orientation state of the liquid crystal layer 24 is ina
reversed twist state is substantially perpendicular to an elec-
tric field direction E produced by the first electrode 13 and the
second electrode 20 (refer to FIG. 5).

[0057] The common electrode 23 is provided on one sur-
face side of the second substrate 12. This common electrode
23 is formed so that at least a part thereof is superimposed
with the first electrode 13 and the second electrode 20. This
common electrode 23 is obtained by patterning a transparent
conductive film such as indium-tin oxide (ITO), for example.
A vertical electric field can be applied to the liquid crystal
layer 24 by applying voltage between this common electrode
23 and the above described first electrode 13 (or the second
electrode 20).

[0058] The liquid crystal layer 24 is provided between one
surface of the first substrate 11 and one surface of the second
substrate 12. In this embodiment, the liquid crystal layer 24 is
configured using a nematic liquid crystal material with a
positive dielectric anisotropy Ae (Ae>0). The bold lines
shown in the liquid crystal layer 24 schematically indicate the
liquid crystal molecules inside the liquid crystal layer 24. The
liquid crystal molecules at the time no voltage is applied are
oriented with a predetermined pretilt angle with respect to
each substrate surface of the first substrate 11 and the second
substrate 12. Further, the angle formed by directions RU and
RL (refer to FIG. 5) of the respective orientation processes of
the first alignment film 21 and the second alignment film 22 is
set to about 90°, for example, thereby twisting and orienting
the liquid crystal molecules of the liquid crystal layer 24 to
azimuth angle direction between the first substrate 11 and the
second substrate 12 at the time no voltage is applied.

[0059] Thesignal line 25 is provided on one surface side of
the insulation film 16, and extends in one direction (the direc-
tion X shown in FIG. 5) substantially perpendicular to the
common line 14 and the scan line 15. The signal line 25 in this
example is integrally formed with the source electrode 18, as
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shown in FIG. 5. As the signal line 25, a metal film such as a
layered film of aluminum and molybdenum is used, for
example. Tt should be noted that while the above describes a
case where the signal line 25 is provided on one surface side
of the insulation film 16 and extends in one direction (the
direction X shown in FIG. 5) substantially perpendicular to
the common line 14 and the scan line 15, the signal line 25
may be provided on one surface side of the insulation film 16
and extend in one direction (the direction X shown in FIG. 5)
parallel to the common line 14 and substantially perpendicu-
lar to the scan line 15. In this case, since the signal line 25 and
the common line 14 do not intersect, the common line 14 may
be integrally formed with the signal line 25 and the source
electrode 18. As the wiring, similar to the common line 14, a
metal film such as a layered film of aluminum and molybde-
num is used, for example. Further, in this case, formation of
the insulation film 26 described later may be omitted.
[0060] The insulation film 26 is provided on the insulation
film 16 on one surface side of the first substrate 11, covering
the semiconductor film 17, the source electrode 18, and the
drain electrode 19. As this insulation film 26, a silicon nitride
film, a silicon oxide film, or a layered film thereof is used, for
example.

[0061] The first polarizing plate 31 is disposed on the outer
side of the first substrate 11. The second polarizing plate 32 is
disposed on the outer side of the second substrate 12. In this
embodiment, a visual check is performed by the user from
this second polarizing plate 32 side. The first polarizing plate
31 and the second polarizing plate 32 are disposed so that the
transmission axes thereof are substantially perpendicular to
each other, for example (crossed-Nicol alignment).

[0062] Next, an example of the manufacturing method of
the R-TN mode liquid crystal element according to embodi-
ment 1 will be described with reference to FIGS. 6 A-6G and
FIGS. 7A-7E.

[0063] First, a glass substrate for use as the first substrate 11
and the second substrate 12 is prepared. For example, a glass
substrate made of a non-alkaline glass with a plate thickness
of 0.7 mm is used. Then, the scan line 15 made of a predeter-
mined metal film is formed on one surface of the first sub-
strate 11 (FIG. 6A). Specifically, an aluminum film is formed
over the entire one surface of the first substrate 11 by a film
forming method, such as a sputtering method, for example,
and a molybdenum film is further formed thereon. Subse-
quently, the layered film of the aluminum film and the molyb-
denum film is patterned by a dry etching method or the like.
[0064] Next, the first electrode 13 made of an ITO film or
the like is formed in a predetermined position on one surface
side of the first substrate 11 (FIG. 6B). Specifically, an
indium-tin oxide film (ITO film) is formed over the entire one
surface of the first substrate 11 by a film forming method such
as a sputtering method, for example. Subsequently, this ITO
film 1s patterned by a wet etching method or the like.

[0065] Next, the insulation film 16 is formed on one surface
side of the first substrate 11, covering the first electrode 13
and the scan line 15 (FIG. 6C). Specifically, a silicon nitride
film is formed by a film forming method such as a sputtering
method or a plasma CVD (Chemical Vapor Deposition)
method, for example.

[0066] Next, the semiconductor film 17 is formed in a pre-
determined position on the insulation film 16 of the first
substrate 11 (FIG. 6D). Specifically, an amorphous silicon
film is formed over the entire one surface of the first substrate
11 by a film forming method such as a plasma CVD method
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or the like, for example. Subsequently, this amorphous silicon
film is patterned in an island shape by a dry etching method or
the like.

[0067] Next, the sourceelectrode 18, the drain electrode 19,
and the signal line 25 are formed in predetermined positions
on the insulation film 16 of the first substrate 11 (FIG. 6E).
Specifically, a layered film of a molybdenum film/aluminum
film/molybdenum film is formed over the entire one surface
of the first substrate 11 by a film forming method such as a
sputtering method, for example. Subsequently, this layered
film is patterned by adry etching method or the like. The drain
electrode 19 can be formed by providing an opening that
exposes a part of the first electrode 13 in a predetermined
position of the insulation film 16 in advance, subsequently
forming a metal film by a sputtering method or the like, and
then executing patterning.

[0068] Next, the insulation film 26 that covers the semicon-
ductor film 17, the source electrode 18, a drain electrode 19,
and the signal line 25 is formed on the insulation film 16 of the
first substrate 11 (FIG. 6F). Specifically, a silicon nitride film
is formed by a film forming method such as a sputtering
method or a plasma CVD (Chemical Vapor Deposition)
method, for example.

[0069] Next, the common line 14 and the second electrode
20 are formed in predetermined positions on the insulation
film 26 of the first substrate 11 (FIG. 6G). Specifically, an ITO
film is formed over the entire one surface of the first substrate
11 by a film forming method such as a sputtering method, for
example. Subsequently, this ITO film is patterned by a wet
etching method or the like. It should be noted that a passiva-
tion film may be further provided on the insulation film 26
(not showr).

[0070] On the other hand, the common electrode 23 is
formed on one surface of the second substrate 12 (FIG. 7A).
Specifically, an ITO film is formed over the entire one surface
of the second substrate 12 by a film forming method such as
a sputtering method, for example. It should be noted that, ina
case where the common electrode 23 exists on the entire
substrate surface in the actual manufacturing process, the
possibility exists that a short circuit from the main seal part,
film separation during breaking from the scribe, or the like
may occur, and therefore shielding (regulating) the outer cir-
cumference using a metal mask or the like during sputtering
is preferred.

[0071] Next, the first alignment film 21 is formed over the
entire insulation film 26 of the first substrate 11 (FIG. 7B),
and the second alignment film 22 is formed over the entire
common electrode 23 of the second substrate 12 (FIG. 7C).
Hence, each alignment film is generally formed using a poly-
imide film that decreases the side chain density of the material
used as the vertical alignment film, for example. The align-
ment film material is applied onto the first substrate 11 and the
second substrate 12 at respective appropriate film thicknesses
(about 500-800 A, for example) by a suitable method, such as
a flexographic printing method, ink jet method, spin coat
method, slit coat method, slit method and spin coat method
combination, or the like, and is heat treated (baked for one
hour at 160-250° C., for example). Subsequently, orientation
processing is performed on each of the first alignment film 21
and the second alignment film 22. Hence, a rubbing process is
performed, for example, and the pushing depth serving as a
condition thereof is set to 0.8 mm (strong rubbing condition).
The rubbing direction is set so that the twist angle of the liquid
crystal molecules on each of the substrates becomes substan-
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tially 90° when the first substrate 11 and the second substrate
12 are superimposed. Further, the pretilt angle is about
30-60°.

[0072] Next, a main sealing agent that contains the proper
quantity (2-5 wt %, for example) of gap control agent is
formed on one substrate (the first substrate 11, for example).
The main sealing agent is formed by screen printing or a
dispenser, for example. Further, the diameter of the gap con-
trol agent is set so that the thickness of the liquid crystal layer
24 is about 4 um. Further, the gap control agent is sprayed on
the other substrate (the second substrate 12, for example). In
this embodiment, for example, plastic balls with a particle
size of 4 pm are sprayed by a dry-type gap sprayer. Subse-
quently, the first substrate 11 and the second substrate 12 are
superimposed, and the main sealing agent is hardened by a
heating process with pressure constantly applied by a press or
the like. Hence, a three-hour heating process is performed at
150° C., for example (FIG. 7D).

[0073] Next, the liquid crystal layer 24 is formed by filling
the gap between the first substrate 11 and the second substrate
12 with a liquid crystal material (FIG. 7E). The liquid crystal
material is filled by a vacuum injection method, for example.
In this embodiment, a liquid crystal material with a positive
dielectric anisotropy Ae and added chiral material is used.
The added amount of chiral material is set so that dip is
preferably greater than or equal to 0.04 and less than or equal
to 0.6, more preferably 0.16, for example. After injection of
such a liquid crystal material, an end sealing agent is applied
to the injection port to seal the port. Then, a suitable heating
process (one hour at 120° C., for example) at a temperature
greater than the phase transition temperature of the liquid
crystal material is performed, thereby arranging the orienta-
tion state of the liquid crystal molecules of the liquid crystal
layer 24.

[0074] Next, the first polarizing plate 31 is bonded to the
outer side of the first substrate 11, and the second polarizing
plate 32 is bonded to the outer side of the second substrate 12.
The transmission axes of the first polarizing plate 31 and the
second polarizing plate 32 are arranged in a substantially
perpendicular alignment (crossed-Nicol alignment). With the
above, the R-TN mode liquid crystal element of embodiment
1 is completed (refer to FIG. 4).

[0075] The state of the R-TN mode liquid crystal element
completed via a process such as described above when volt-
age is applied to the liquid crystal layer using each electrode,
thereby inducing the transitions between the splayed twist
state and the reversed twist state, is verified as follows.
[0076] Inthe initial state, the liquid crystal molecules of the
liquid crystal layer 24 of the R-TN mode liquid crystal ele-
ment of this embodiment are oriented in a splayed twist state.
In this splayed twist state, from the standpoint of appearance,
awhite (bright) display of a relatively bright state is obtained.
Conversely, a vertical electric field is produced using the first
electrode 13 and the common electrode 23 as described
above. For example, AC voltage (rectangular wave) of 10V
and 100 Hz is applied for approximately 0.01-0.5 seconds,
and subsequently application of the voltage was quickly
stopped. As a result, the orientation state of the liquid crystal
layer 24 transitions to the reversed twist state. In this reversed
twist state, from the standpoint of appearance, a black (dark)
display of a relatively dark state is obtained. Given that the
liquid crystal display apparatus is configured by arranging
this R-TN mode liquid crystal element into a matrix shape, for
example, it is possible to control state transitions on a per
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individual pixel basis (per element basis) during the transition
from this splayed twist state to the reversed twist state. At this
time, the first electrode 13 needs to be in an electrically free
state.

[0077] Next, the thin film transistor is changed to a conduc-
tive state by applying a predetermined voltage to the scan line
15, and voltage is applied to the second electrode 20 by
applying a predetermined voltage to the signal line 25. With
this arrangement, since a relative electric potential difference
occurs between the first electrode 13 and the second electrode
20, with the application of a horizontal electric field to the
liquid crystal layer 24, the orientation state of the liquid
crystal layer 24 transitions from a reversed twist state to a
splayed twist state. The voltage (gate voltage) applied to the
scan line 15 is set to a pulse wave 0f 10V, for example, and the
voltage applied to the signal line 25 is set to a voltage that
inverts the +10 V on a per frame basis, for example. The
duration that the horizontal electric field is applied is about
0.01-0.5 seconds, for example.

[0078] Inboth the splayed twist state and the reversed twist
state described above, the orientation state is maintained even
after the voltage application is stopped, making it possible to
suppress power consumption to an extremely low value with-
out any need to apply voltage whatsoever after the display is
rewritten. Given that the liquid crystal display apparatus is
configured by arranging this R-TN mode liquid crystal ele-
ment into a matrix shape, for example, in this embodiment, it
is possible to control state transitions on a per pixel basis
during both the transition from the splayed twist state to the
reversed twist state and the transition from the reversed twist
state to the splayed twist state. Accordingly, compared to
embodiment 2 described later, the degree of freedom of dis-
play rewriting is further increased. For example, with all
currently proposed electrophoresis electronic paper displays,
the entire screen needs to be temporarily reset to a white
display or a black displays; if resetting is not performed, tran-
sitioning all electrophoretic particles to a preferred position
may no longer be possible or the electrophoretic particles
may become skewed when repeated display switching is per-
formed. According to this embodiment, however, such disad-
vantages cannot occur,

[0079] On the other hand, when a horizontal electric field is
further applied to the liquid crystal layer in a splayed twist
state, the orientation state changes so that the twisted orien-
tation becomes untwisted in the liquid crystal layer as
described above and changes to this orientation state continu-
ally occur according to the strength of the electric field. Spe-
cifically, while the liquid crystal molecules are substantially
uniformly oriented along the electric field direction in the
bulk of the liquid crystal layer, the area near the boundary
surface with the substrate receives an orientation restricting
force by the alignment film and thus the orientation direction
substantially does not change. As a result, the twisted orien-
tation of the splayed twist state collapses, and the polarization
state of the light that passes through this liquid crystal layer
also changes.

[0080] FIG. 8 is a diagram showing an example of the
voltage (horizontal electric field)—transmittance character-
istics of the R-TN mode liquid crystal element. Further, FIG.
9 is a diagram showing an example of the viewing angle
dependency of the R-TN mode liquid crystal element. As
shown in FIG. 8, it is understood that transmittance continu-
ally changes by further application of the horizontal electric
field to the liquid crystal layer in a splayed twist state. Further,
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it is understood that the maximum transmittance is 23-24%,
the minimum transmittance is substantially 0%, and a high
contract ratio is achieved. Further, as shown in FIG. 9, it is
understood that relatively favorable viewing angle depen-
dency is achieved without half-tone reversal. This is because
the orientation change from the liquid crystal layer in the
splayed twist state occurs in the horizontal direction on the
substrate surface.

Embodiment 2

[0081] FIG.10is across-sectional view showing a configu-
ration example of the R-TN mode liquid crystal element of
embodiment 2. Further, FIG. 11 is a plan view of the R-TN
mode liquid crystal element shown in FIG. 10. It should be
noted that FIG. 10 shows a cross-section along a line b-b
shown in FIG. 11. The R-TN mode liquid crystal element of
this embodiment shown in each figure is configured to com-
prise the first substrate (lower substrate) 11, the second sub-
strate (upper substrate) 12, the first electrode 13, a common
line 144, the scan line 15, the insulation film 16, the semicon-
ductor film 17, the source electrode 18, the drain electrode
194, the second electrode (pixel electrode) 20, the first align-
ment film 21, the second alignment film 22, the common
electrode 23, the liquid crystal layer 24, the signal line 25, the
first polarizing plate (lower polarizing plate) 31, and the sec-
ond polarizing plate (upper polarizing plate) 32. It should be
noted that the components common to embodiment 1 use the
same reference numerals, and detailed descriptions thereof
are omitted.

[0082] The common line 14a is provided on one surface
side of the first substrate 11, and extends in one direction (the
direction Y shown in FIG. 11). A predetermined electric
potential is applied to the first electrode 13 via this common
line 14a. As the common line 144, a metal film such as a
layered film of aluminum and molybdenum is used, for
example.

[0083] The insulation film 16 is provided on one surface
side of the first substrate 11, covering the first electrode 13,
the common line 14q, and the scan line 15. As this insulation
film 16, a silicon nitride film, a silicon oxide film, or a layered
film thereof is used, for example.

[0084] The drain electrode 19a is provided to a predeter-
mined position on the insulation film 16, and a part thereof is
connected to the semiconductor film 17. As this drain elec-
trode 194, a metal film such as a layered film of aluminum and
molybdenum is used, for example.

[0085] The second electrode 20 is provided to a predeter-
mined position on the insulation film 16, and at least a part
thereof is superimposed with the first electrode 13 described
above. This second electrode 20 comprises a plurality of the
openings (slits) 20a, as shown in FIG. 11. This second elec-
trode 20 is obtained by patterning a transparent conductive
film such as indium-tin oxide (ITO), for example. The size of
the second electrode 20 can be set so that the width of the
linear part that exists between each of the openings 20a (the
length in the direction X in FIG. 10) is approximately 20 um,
and the width of each of the openings 20a (the length in the
direction X in FIG. 10) is approximately 20 pm, for example.
A horizontal electric field can be applied to the liquid crystal
layer 24 by applying voltage between this second electrode 20
and the above described first electrode 13.

[0086] The first alignment film 21 is provided on the insu-
lation film 16 on one surface side of the first substrate 11,
covering the semiconductor film 17, the source electrode 18,
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the drain electrode 194, and the second electrode 20. Simi-
larly, the second alignment film 22 is provided on one surface
side of the second substrate 12, covering the common elec-
trode 23.

[0087] Next, an example of the manufacturing method of
the R-TN mode liquid crystal element according to embodi-
ment 2 will be described with reference to FIGS. 12A-12G
and FIGS. 13A-13D.

[0088] First,a glass substrate for use as the first substrate 11
and the second substrate 12 is prepared. Next, the common
line 14¢ and the scan line 15 are formed on one surface of the
first substrate 11 (FIG. 12A), and further the first electrode 13
is formed in a predetermined position on one surface side of
the first substrate 11 (FIG. 12B).

[0089] Next, an insulation film 16 is formed on one surface
side of the first substrate 11, covering the first electrode 13,
the common line 144, and the scan line 15 (FI1G. 12C), and
further the semiconductor film 17 is formed in a predeter-
mined position on the insulation film 16 of the first substrate
11 (FIG. 12D).

[0090] Next, the source electrode 18, the drain electrode
19q, and the signal line 25 are formed in predetermined
positions on the insulation film 16 of the first substrate 11
(FIG. 12E), and further the second electrode 20 is formed in
a predetermined position on the insulation film 16 of the first
substrate 11 (FIG. 12F). It should be noted that a passivation
film may be further provided on the insulation film 16 (not
shown). On the other hand, the common electrode 23 is
formed on one surface of the second substrate 12 (FIG. 12G).
[0091] Next, the first alignment film 21 is formed over the
entire insulation film 16 of the first substrate 11 (FIG. 13A),
and the second alignment film 22 is formed over the entire
common electrode 23 of the second substrate 12 (FIG. 13B).
[0092] Next, a main sealing agent is formed on one sub-
strate, a gap control agent is sprayed on the other substrate,
and subsequently the first substrate 11 and the second sub-
strate 12 are superimposed and heat treated with pressure
continually applied by a press or the like, thereby hardening
the main sealing agent (FIG. 13C). Next, the liquid crystal
layer 24 is formed by filling the gap between the first substrate
11 and the second substrate 12 with a liquid crystal material
(FIG.13D).

[0093] Next, the first polarizing plate 31 is bonded to the
outer side of the first substrate 11, and the second polarizing
plate 32 is bonded to the outer side of the second substrate 12.
The transmission axes of the first polarizing plate 31 and the
second polarizing plate 32 are arranged in a substantially
perpendicular alignment (crossed-Nicol alignment). With the
above, the R-TN mode liquid crystal element of embodiment
2 is completed (refer to FIG. 10).

[0094] The state of the R-TN mode liquid crystal element
completed via a process such as described above when volt-
age is applied to the liquid crystal layer using each electrode,
thereby inducing the transitions between the splayed twist
state and the reversed twist state, is verified as follows.
[0095] Inthe initial state, the liquid crystal molecules of the
liquid crystal layer 24 of the R-TN mode liquid crystal ele-
ment of this embodiment are oriented in a splayed twist state.
In this splayed twist state, from the standpoint of appearance,
awhite (bright) display of a relatively bright state is obtained.
Conversely, a vertical electric field is produced by applying
voltage to the first electrode 13 and the common electrode 23,
respectively. For example, AC voltage (rectangular wave) of
10V and 100 Hz is applied for approximately 0.5-1 second,
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and subsequently application of the voltage is quickly
stopped. As a result, the orientation state of the liquid crystal
layer 24 transitions to the reversed twist state. In this reversed
twist state, from the standpoint of appearance, a black (dark)
display of a relatively dark state is obtained. Given that the
liquid crystal display apparatus is configured by arranging
this R-TN mode liquid crystal element into a matrix shape, for
example, controlling state transitions on a perindividual pixel
(element) basis during transition from this splayed twist state
to the reversed twist state is difficult, and therefore state
transitions are controlled for all pixels simultaneously orona
per line basis of the plurality of first electrode 13 lines that
share the common line 14.

[0096] Next, the thin film transistor is changed to a conduc-
tive state by applying a predetermined voltage to the scan line
15, and voltage is applied to the second electrode 20 via the
thin film transistor by applying a predetermined voltage to the
signal line 25 by the voltage applying means. With this
arrangement, since a relative electric potential difference
occurs between the first electrode 13 and the second electrode
20, with the application of a horizontal electric field to the
liquid crystal layer 24, the orientation state of the liquid
crystal layer 24 transitions from a reversed twist state to a
splayed twist state. The voltage (gate voltage) applied to the
scan line 15 is set to a pulse wave of 10V, for example, and the
voltage applied to the signal line 25 is set to a voltage that
inverts the +10 V on a per frame basis, for example. The
duration that the horizontal electric field is applied is about
0.01-0.5 seconds, for example.

[0097] Inboth the splayed twist state and the reversed twist
state described above, the orientation state is maintained even
after the voltage application is stopped, making it possible to
suppress power consumption to an extremely low value basi-
cally without any need to apply voltage after the display is
rewritten. For example, given that the liquid crystal display
apparatus is configured by arranging this R-TN mode liquid
crystal element into a matrix shape, in a case where an opera-
tor wants to rewrite the display once again, it is possible to
achieve a preferred image display by applying a vertical elec-
tric field while controlling state transitions simultaneously for
all pixels or on a per line bases of the plurality of first elec-
trode 13 lines that share the common line 14, and selectively
applying a horizontal electric field on a per pixel basis by
continually controlling the voltages applied and not applied
to the second electrode 20 using a thin film transistor. Ina case
where a reader reads sentences of a short story or the like, the
lines already read by the reader are best rewritten in order, and
thus the method of rewriting the display on a perline basis can
alleviate the stress of the reader even if some time is required
for rewriting.

[0098] On the other hand, when a horizontal electric field is
further applied to the liquid crystal layer in a splayed twist
state, as described above, the orientation state changes so that
the twisted orientation becomes untwisted in the liquid crys-
tal layer. And changes to this orientation state continually
occur according to the strength of the electric field. Specifi-
cally, while the liquid crystal molecules are substantially
uniformly oriented along the electric field direction in the
bulk of the liquid crystal layer, the area near the boundary
surface with the substrate receives an orientation restricting
force by the alignment film and thus the orientation direction
substantially does not change. As a result, the twisted orien-
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tation of the splayed twist state collapses, and the polarization
state of the light that passes through this liquid crystal layer
also changes.

Embodiment 3

[0099] FIG. 14A is a cross-sectional view schematically
showing a configuration example of the R-TN mode liquid
crystal element of embodiment 3. The R-TN mode liquid
crystal element of embodiment 3 shown in FIG. 14A is a
reflective liquid crystal element that displays images utilizing
external light, and comprises a liquid crystal panel 50, a
reflective plate 51 disposed on the lower surface side of this
liquid crystal panel 50, a scattering plate 52 disposed on the
upper surface side of the liquid crystal panel 50, a /4 wave-
length plate 53 disposed overlapping with this scattering plate
52, and a polarizing plate 54 disposed overlapping with this
M4 wavelength plate 53. As the reflective plate 51, a silver
film can be used, for example. Further, as the scattering plate
52, a plurality of overlapping plates with a haze value of
43-45% can be used, for example. Further, as the A/4 wave-
length plate 53, a plate with a phase difference of approxi-
mately 137 nm can be used, for example. It should be noted
that the scattering plate 52 may be disposed on the lower
surface side of the liquid crystal panel 50. In this case, the
scattering plate 53 is disposed between the reflective plate 51
and the liquid crystal panel 50.

[0100] As shown in FIG. 14B, an angle formed by the
rubbing direction RL of the lower substrate and the rubbing
direction RU of the upper substrate of the liquid crystal panel
50 1s set to 70°, for example (an example of a preferred value
of the reflective type). The chiral material is added to the
liquid crystal material of the liquid crystal layer so that d/p=0.
143, for example. The value of An of the liquid crystal mate-
rial of the liquid crystal layer is about 0.065-0.15, for
example. A transmission axis P of the polarizing plate 54 is set
parallel to the rubbing direction RU of the upper substrate,
and a phase difference axis P' of the A/4 wavelength plate 53
is set to an angle of substantially 45° with the transmission
axis of the polarizing plate 54. The internal structure of the
liquid crystal panel 50 is the same as that of the liquid crystal
element of embodiment 1 or embodiment 2 described above
(both excluding the polarizing plates).

[0101] FIG. 15is across-sectional view showing a configu-
ration example of the R-TN mode liquid crystal element of
embodiment 3. Hence, while the example illustrates a case
where the liquid crystal element of embodiment 1 is utilized
as the liquid crystal panel 50, the same holds true for a case
where the liquid crystal element of embodiment 2 is utilized.
A first electrode 135 of this liquid crystal panel 50 is made of
ametal film, and 1s further provided with irregularities on the
surface. As aresult, the first electrode 135 can also function as
the reflective plate 51 and the scattering plate 52. The manu-
facturing method of the R-TN mode liquid crystal element of
embodiment 3 is the same as that of embodiment 1 or embodi-
ment 2 described above, and if the formation process of the
first electrode 135 is established common to that of the scan
line 15, common processes can be utilized for all other pro-
cesses. It should be noted that the first electrode 135 may also
function as the reflective plate 51 only, and the scattering plate
52 may be externally provided as described above.

[0102] FIG. 16 is a diagram showing an example of the
reflectance characteristics of the R-TN mode liquid crystal
element of embodiment 3. This figure shows the reflectance
characteristics of a dependency An when the twist angle of the
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liquid crystal layer is set to 70°, the incident light is from a
direction that is 30° with respect to the substrate surface
normal vector of the liquid crystal element, and the reflec-
tance from the normal vector direction is measured. In this
case, it is understood that the reflectance and contrast ratio are
particularly superior when An of the liquid crystal material is
0.08. Tt should be noted that, while the phase difference axis
of the A/4 wavelength plate 53 is set so that it is petpendicular
to the longitudinal direction of the liquid crystal molecule in
the substantial center of the layer thickness direction of the
liquid crystal layer, and the transmission axis of the polarizing
plate 54 is set parallel to the rubbing direction of the upper
substrate here, the respective settings are not limited thereto.
With the establishment of a reflective type, a backlight is no
longer necessary, making it possible to suppress power con-
sumption in particular.

[0103] Next, a configuration example of a liquid crystal
display apparatus capable of low power consumption driving
that utilizes the memory property of the liquid crystal element
of any of the embodiments 1-3 described above will be
described as embodiment 4.

[0104] FIG. 17 is a diagram schematically showing a con-
figuration example of the liquid crystal display apparatus of
embodiment 4. The liquid crystal display apparatus shown in
FIG. 17 is an active matrix type liquid crystal display appa-
ratus configured by arranging a plurality of pixel parts 100
into a matrix shape, and the liquid crystal elements of any of
the embodiments described above 1s used as each of'the pixel
parts 100. Specifically, the liquid crystal display apparatus is
configured to comprise a plurality of scan lines 101 that
extend in a first direction, a driver 104 that supplies voltage to
each of the scan lines 101, a plurality of signal lines 102 and
common lines 103 that are respectively perpendicular to the
scan line 101 and extend in a second direction, a driver 105
that supplies voltage to each of the signal lines 102, a driver
106 that supplies voltage to each of the common lines 103,
and a pixel part 100 provided to an intersecting point of each
of the scan lines 101 and each of the signal lines 102. For each
of the pixel parts 100, one of the first electrode and the second
electrode is connected to the common line 103, and the other
is connected to a thin film transistor. Further, a common
electrode is commonly provided to each of the pixel parts 100.

[0105] According to each of the embodiments such as
described above, a new liquid crystal element comprising a
switching element and an electrode structure suitable for
generating a transition between two orientation states is
obtained. Further, a liquid crystal display apparatus of low
power consumption that basically does not require power
other than during display rewriting is obtained by utilizing the
bistability (memory property) of the two orientation states of
the liquid crystal element. Furthermore, a liquid crystal dis-
play apparatus capable of supporting both half-tone displays
and moving image displays is obtained.

[0106] Note that this invention is not limited to the subject
matter of the foregoing embodiments, and can be imple-
mented by being variously modified within the scope of the
gist of the present invention.

[0107] For example, while the twist angle of the liquid
crystal layer s set to 70° (reflective type) or 90° (transmission
type) in each of the embodiments described above, the twist
angle is not limited thereto. In this case, to further secure the
brightness of the white display, the retardation value inside
the liquid crystal layer is preferably adjusted.
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[0108] Further, while the above illustrates a liquid crystal
element in a normally white state with the angle formed by
each transmission axis of the first polarizing plate and the
second polarizing plate set to about 90°, the liquid crystal
element may be a liquid crystal element in a normally black
state. Further, the orientation process method is not limited to
a rubbing method.

[0109] Further, the structure of the thin film transistor as an
example ofa switching element is not limited to the illustrated
bottom gate type, allowing the transistor to be a top gate type.
[0110] Further, the second electrode is not limited to an
electrode comprising a plurality of slits such as described
above, allowing the electrode to be a comb-shaped electrode
comprising a plurality of electrode branches (linear parts), for
example. Furthermore, the first electrode may be a comb-
shaped electrode, and each of the electrode branches of the
second electrode and each of the electrode branches of the
first electrode may be alternately disposed. In this case, the
first electrode and the second electrode can be disposed on the
same surface to produce a horizontal electric field (IPS
mode).

What is claimed is:

1. A liquid crystal element comprising:

a first substrate and a second substrate subjected to an
orientation process on one surface each, disposed facing
each other;

a liquid crystal layer provided between the first substrate
and the second substrate; and

electric field applying means that applies an electric field to
the liquid crystal layer;

wherein:

the first substrate and the second substrate are set in an
orientation process direction that ensures generation ofa
first orientation state wherein the liquid crystal mol-
ecules of the liquid crystal layer are twisted in a first
direction, and a chiral material of a property that gener-
ates a second orientation state wherein the liquid crystal
molecules are twisted in a second direction that is oppo-
site to the first direction is included in the liquid crystal
layer; and

the liquid crystal layer transitions from the second orien-
tation state to the first orientation state with the applica-
tion of an electric field of a layer thickness direction of
the liquid crystal layer by the electric field applying
means, transitions from the first orientation state to the
second orientation state with the application of an elec-
tric field of a direction perpendicular to the layer thick-
ness direction by the electric field applying means, and
further returns to the second orientation state when an
orientation change is generated according to the strength
of the electric field with the application of an electric
field of the perpendicular direction by the electric field
applying means in the second orientation state, which
removes the electric field.

2. The liquid crystal element according to claim 1 wherein

the electric field applying means comprises:

a first electrode provided on one surface side of the first
substrate;

a second electrode provided on one surface side of the first
substrate, away from the first electrode;

and a common electrode provided on one surface side of
the second substrate so that at least a portion thereof is
superimposed with the first electrode and the second
electrode.
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3. The liquid crystal element according to claim 2, wherein:

at least one of the first electrode and the second electrode
comprises a plurality of linear parts disposed parallel to
and away from each other.

4. The liquid crystal element according to claim 2, wherein:

the first electrode and the second electrode are layered via
an insulation film.

5. Theliquid crystal element according to claim 3, wherein:

the first electrode and the second electrode are layered via
an insulation film.

6. The liquid crystal element according to claim 2 further

comptrising:

a switching element that is provided on one surface side of
the first substrate and connected to the first electrode or
the second electrode.

7. The liquid crystal element according to claim 3 further

comprising:

a switching element that is provided on one surface side of
the first substrate and connected to the first electrode or
the second electrode.

8. The liquid crystal element according to claim 1 wherein:

the first substrate and the second substrate each impart a
pretilt angle of 20° or greater to the liquid crystal mol-
ecules of the liquid crystal layer on the boundary surface
with the liquid crystal layer.

9. The liquid crystal element according to claim 2 wherein:

the first substrate and the second substrate each impart a
pretilt angle of 20° or greater to the liquid crystal mol-
ecules of the liquid crystal layer on the boundary surface
with the liquid crystal layer.

10. The liquid crystal element according to claim 3

wherein:

the first substrate and the second substrate each impart a
pretilt angle of 20° or greater to the liquid crystal mol-
ecules of the liquid crystal layer on the boundary surface
with the liquid crystal layer.

11. The liquid crystal element according to claim 1

wherein:

achiral material is added so that a ratio d/p of a chiral pitch
with respect to a layer thickness d of the liquid crystal
layer is greater than or equal to 0.04 and less than or
equal to 0.75.

12. The liquid crystal element according to claim 2

wherein:
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a chiral material is added so that a ratio d/p of a chiral pitch
with respect to a layer thickness d of the liquid crystal
layer is greater than or equal to 0.04 and less than or
equal to 0.75.

13. The liquid crystal element according to claim 3

wherein:

a chiral material is added so that a ratio d/p of a chiral pitch
with respect to a layer thickness d of the liquid crystal
layer is greater than or equal to 0.04 and less than or
equal to 0.75.

14. The liquid crystal element according to claim 4

wherein:

a chiral material is added so that a ratio d/p of a chiral pitch
with respect to a layer thickness d of the liquid crystal
layer is greater than or equal to 0.04 and less than or
equal to 0.75.

15. The liquid crystal element according to claim 5

wherein:

achiral material is added so that a ratio d/p ofa chiral pitch
with respect to a layer thickness d of the liquid crystal
layer is greater than or equal to 0.04 and less than or
equal to 0.75.

16. A liquid crystal display apparatus comprising;

a plurality of pixel parts, wherein each of the plurality of
pixel parts is configured using the liquid crystal element
according to claim 1.

17. A liquid crystal display apparatus comptrising:

a plurality of pixel parts, wherein each of the plurality of
pixel parts is configured using the liquid crystal element
according to claim 2.

18. A liquid crystal display apparatus comprising:

a plurality of pixel parts, wherein each of the plurality of
pixel parts is configured using the liquid crystal element
according to claim 3.

19. A liquid crystal display apparatus comprising;

a plurality of pixel parts, wherein each of the plurality of
pixel parts is configured using the liquid crystal element
according to claim 4.

20. A liquid crystal display apparatus comprising:

a plurality of pixel parts, wherein each of the plurality of
pixel parts is configured using the liquid crystal element
according to claim 5.
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