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(54) LIQUID CRYSTAL DISPLAY

(57)  Inaliquid crystal display (1), a transparent elec-
trode (100) constituting a display liquid crystal cell (30)
has a plurality of patterns (102, and the like) for forming
a desired pattern in the outer circumferential part (101)
forming the whole display region, and transparent elec-
trodes (13a, 13b) are sandwiching at least a part of liquid
crystal molecules of a liquid crystal layer (20). When volt-
age application control of the plurality of patterns (102,
and the like) is performed, respectively, for the whole

display region displayed by bright display or dark display,
a desired pattern can be displayed by reversed bright/
dark display of the bright/dark display of the whole display
region. Furthermore, the bright/dark display of at least a
part of the whole display and the desired pattern can be
reversed by applying a voltage to the transparent elec-
trodes (13a, 13b) and changing the orientation of whole
liquid crystal molecules of the liquid crystal layer (20) to
the direction parallel with the normal to a substrate (11).
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Description
TECHNICAL FIELD

[0001] The present invention relates to liquid crystal
displays and, more particularly, to a liquid crystal display
with two liquid crystal cells in layers.

BACKGROUND ART

[0002] There have been conventionally known liquid
crystal displays configured to carry out a desired display
by sandwiching the upperand lower sides with polarizers,
and by transmitting or not transmitting light in a vertical
direction through a liquid crystal cell disposed such that
the liquid crystal layer has a predetermined twisted angle
(see Patent Document 1, for example). As an example
of the above liquid crystal displays, there is known such
a liquid crystal display 200 having a liquid crystal layer
240 as shown in Figs. 10 and 11. For the sake of con-
venience, explanations will be given with the directions
of arrow shown in Figs. 10 and 11 as frontward, back-
ward, leftward, rightward, upward and downward direc-
tions. The directors of the liquid crystal molecules con-
stituting the liquid crystal layer 240 are the direction of
an arrow 241 in the lower end portion, and the direction
of an arrow 246 which turns the arrow 241 by 90 degrees
clockwise in the frontward, backward, leftward, and right-
ward direction in the upper end portion as shown in Fig.
11, while the directors are gradually twisted to form a TN
(Twisted Nematic) type in the intermediate portion.

[0003] Further, the liquid crystal layer 240 is sand-
wiched by alignment layers 232 on the upper and lower
sides. Transparent electrodes 233 and 235 are provided
on the upper and lower outsides of the alignment layers
232, and the transparent electrodes 235 are electrically
connected to an AC power supply 236. The transparent
electrodes 233 and 235 are sandwiched by substrates
231 on the upper and lower sides, and the substrates
231 and a seal material 234 seals the liquid crystal mol-
ecules of the liquid crystal layer 240. A liquid crystal cell
230 is thus constituted by these substrates 231, seal ma-
terial 234, transparent electrodes 233 and 235, alignment
layers 232, and liquid crystal layer 240. The liquid crystal
cell 230 is sandwiched by polarizers 203 and 204 on the
upper and lower sides, and arranged such that the trans-
mission axis direction 203a of the polarizer 203 is parallel
to the transmission axis direction 204a of the polarizer
204. A backlight 202 is disposed below the polarizer 203.
[0004] With respect to the liquid crystal display 200 of
the above configuration, illumination light from the back-
light 202 is irradiated to the liquid crystal cell 230, and an
illumination light 202a changes the polarizing direction
90 degrees clockwise inside the liquid crystal cell 230
according to the twisted angle of the liquid crystal mole-
cules inside the liquid crystal layer 240, and reaches the
polarizer 204. At the time, as shown in Fig. 11, because
the transmission axis direction 204a of the polarizer 204
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isin a 90-degree turned position relation with the direction
of the arrow 246, the illumination light 202a cannot be
transmitted through the polarizer 204, and thereby that
portion is darkly displayed.

[0005] On the other hand, if the AC power supply 236
applies a voltage to the transparent electrodes 235, the
liquid crystal molecules inside the liquid crystal layer 240
will align with the major axis vertically directed. Therefore,
an illumination light 202b travelling through the voltage-
applied portion reaches the polarizer 204 without being
twisted by the liquid crystal molecules inside the liquid
crystal layer 240. That is, because the illumination light
202b reaches the polarizer 204 along the director of the
arrow 241 without change, the illumination light 202b is
transmitted through the polarizer 204, and thereby bright-
ly displayed (negative mode). Thus, it is possible to
brightly and darkly display a desired pattern (in black and
white) by providing a plurality of transparent electrodes
235 for forming the desired patterns, and carrying out
control of the voltage application from the AC power sup-
ply to each transparent electrode. Further, it is possible
to configure a dark displayof the desired pattern inside a
bright background (i.e. positive mode) by turning the po-
larizer 204 by 90 degrees, for example, in the frontward,
backward, leftward and rightward direction.

[0006] Patent Document 1: JP2006-235581 A

[0007] The above liquid crystal display 200 provides
negative mode of brightly displaying a desired pattern
inside a dark background. However, under bright usage
environments surrounded by outside light such as natural
sunlight and the like, the outside light is reflected on the
background to cause the background to look bright, and
thus the contrast becomes smaller between the desired
pattern being brightly displayed and the background,
thereby lowering the visibility of the desired pattern.
[0008] Further, because the liquid crystal molecules
inside the liquid crystal layer 240 are uniaxial birefringent
crystal having an optical axis in the major axis direction,
if an oblique illumination light 202c¢ is transmitted in the
minor axis direction of the liquid crystal layer 240 or in
an oblique direction, it would occur a retardation upon
transmission through the liquid crystal cell 230 due to the
influence of birefringence. Thereby, when the oblique il-
lumination light 202c is obliquely transmitted through the
above liquid crystal display 200, that is, when the liquid
crystal display 200 is viewed at an angle, it gives rise to
color shift due to the retardation in comparison with the
illumination light 202b, that is, when the liquid crystal dis-
play 200 is viewed directly above.

SUMMARY OF THE INVENTION

[0009] In view of the above problems to be solved, an
object of the presentinventionis to provide a liquid crystal
display with a high visibility unaffected by the brightness
of surrounding environments and, furthermore, with little
color shift in the case of being viewed at an angle.

[0010] In order to solve the above problems, a first as-
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pect in accordance with the present invention provides
a liquid crystal display having: an upside liquid crystal
cell composed of upside substrates disposed parallel to
each other, a pair of plate-shaped transparent upside
electrodes disposed parallel to the upside substrates be-
tween the upside substrates, and an upside liquid crystal
layer sealed in a layered form between the pair of upside
electrodes; and a downside liquid crystal cell composed
of downside substrates disposed parallel to each other,
a pair of plate-shaped transparent downside electrodes
disposed parallel to the downside substrates between
the downside substrates, and a downside liquid crystal
layer sealed in a layered form between the pair of down-
side electrodes, and disposed on the lower surface of
the upside liquid crystal cell to join therewith. Then, up-
side liquid crystal molecules constituting the upside liquid
crystal layer are positioned to twist in a first twist direction
along a helical axis parallel to the normal of the upside
substrates, while downside liquid crystal molecules con-
stituting the downside liquid crystal layer are positioned
to twist in a second twist direction along a helical axis
parallel to the normal of the downside substrates. Fur-
ther, one electrode pair of the pair of upside electrodes
and the pair of downside electrodes has a plurality of
pattern electrodes forming a desired pattern (the pattern
102 in the preferred embodiment, for example) among
the total electrodes forming an entire display area (the
periphery portion 101 in the preferred embodiment, for
example), and the other electrode pair of the pair of up-
side electrodes and the pair of downside electrodes
sandwiches at least a portion of the upside liquid crystal
molecules or at least a portion of the downside liquid
crystal molecules. At the time, with respect to the entire
display area displayed by bright display or dark display,
each of the plurality of pattern electrodes is under voltage
application control so as to display the desired pattern
by bright and dark display opposite to the entire display
area and, furthermore, a voltage is applied to the other
electrode pair so as to change the director of at least a
portion of the upside liquid crystal molecules or the di-
rector of at least a portion of the downside liquid crystal
molecules to a direction parallel to the normal of the up-
side substrates or to a direction parallel to the normal of
the downside substrates, thereby reversing the bright
and dark displays of at least a portion of the entire display
area and at least a portion of the desired pattern.

[0011] In the liquid crystal display of the above config-
uration, it is preferable that the first twist direction be op-
posite to the second twist direction; and the twisted angle
of the upside liquid crystal molecules relative to the first
twist direction and the twisted angle of the downside liquid
crystal molecules relative to the second twist direction
be equal to or above 90 degrees and below 180 degrees.
Further, In the liquid crystal display of the above config-
uration, itis preferable that the director of the upside liquid
crystal molecules positioned in the lower-end vicinity of
the upside liquid crystal layer be 90-degree different from
or 180-degree opposite to that of the downside liquid
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crystal molecules positioned in the upper-end vicinity of
the downside liquid crystal layer.

[0012] Further, inthe liquid crystal display of the above
configuration, it is preferable that the pre-tilt angle of the
upside liquid crystal molecules positioned in the upper-
end vicinity of the upside liquid crystal layer be in opposite
direction to and have almost the same degree as that of
the downside liquid crystal molecules positioned in the
lower-end vicinity of the downside liquid crystal layer; and
the pre-tilt angle of the upside liquid crystal molecules
positioned in the lower-end vicinity of the upside liquid
crystal layer be in opposite direction to and have almost
the same degree as that of the downside liquid crystal
molecules positioned in the upper-end vicinity of the
downside liquid crystal layer. Furthermore, in the liquid
crystal display of the above configuration, it is preferable
that the pair of upside electrodes and the pair of downside
electrodes be configured by utilizing transparent elec-
trodes such as those of ITO and the like.

[0013] On the other hand, a second aspect in accord-
ance with the present invention provides a liquid crystal
display having: an upside liquid crystal cell composed of
a pair of transparent upside substrates disposed parallel
to each other, and an upside liquid crystal layer sealed
in a layered form between the pair of upside substrates;
a downside liquid crystal cell composed of a pair of trans-
parent downside substrates disposed parallel to each
other, and a downside liquid crystal layer sealed in a lay-
ered form between the pair of downside substrates, and
disposed on the lower surface of the upside liquid crystal
cell to join therewith; an upside polarizer allowing linearly
polarized light of a predetermined transmission axis di-
rection to be transmitted therethrough, and disposed on
the upper surface of the upside liquid crystal cell to join
therewith; and a downside polarizer allowing linearly po-
larized light of a predetermined transmission axis direc-
tion to be transmitted therethrough, and disposed on the
lower surface of the downside liquid crystal cell to join
therewith. At the time, upside liquid crystal molecules
constituting the upside liquid crystal layer are positioned
to twistin afirst twist direction along a helical axis parallel
to the normal of the upside substrates, while downside
liquid crystal molecules constituting the downside liquid
crystal layer are positioned to twist in a second twist di-
rection along a helical axis parallel to the normal of the
downside substrates, and the first twist direction is op-
posite to the second twist direction. Further, the pre-tilt
angle of the upside liquid crystal molecules positioned in
the upper-end vicinity of the upside liquid crystal layer is
in opposite direction to and has almost the same degree
as that of the downside liquid crystal molecules posi-
tioned in the lower-end vicinity of the downside liquid
crystal layer, while the pre-tilt angle of the upside liquid
crystal molecules positioned in the lower-end vicinity of
the upside liquid crystal layer is in opposite direction to
and has almost the same degree as that of the downside
liquid crystal molecules positioned in the upper-end vi-
cinity of the downside liquid crystal layer. Furthermore,
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the director of the upside liquid crystal molecules posi-
tioned in the lower-end vicinity of the upside liquid crystal
layeris 180-degree opposite to that of the downside liquid
crystal molecules positioned in the upper-end vicinity of
the downside liquid crystal layer.

[0014] Further, inthe liquid crystal display of the above
configuration, it is preferable that the twisted angle of the
upside liquid crystal molecules relative to the first twist
direction and the twisted angle of the downside liquid
crystal molecules relative to the second twist direction
be equal to or above 90 degrees and below 180 degrees.
Further, it is preferable that the upside liquid crystal mol-
ecules and the downside liquid crystal molecules be de-
rived from twisted nematic liquid crystal having an iden-
tical birefringent property.

[0015] Further, in the liquid crystal display of the above
configuration, it is preferable that at least one be almost
parallel to the other between the predetermined trans-
mission axis direction of the upside polarizer and the di-
rector of the upside liquid crystal molecules positioned
in the upper-end vicinity of the upside liquid crystal layer,
and between the predetermined transmission axis direc-
tion of the downside polarizer and the director of the
downside liquid crystal molecules positionedin the lower-
end vicinity of the downside liquid crystal layer.

[0016] By virtue of the liquid crystal display in accord-
ance with the first aspect of the present invention, an
easy and simple method of applying a voltage to the other
electrode pair is utilized to instantly change the director
of the upside liquid crystal molecules or the director of
the downside liquid crystal molecules sandwiched by the
other electrode pair to a direction parallel to the normal
of the upside substrates or to a direction parallel to the
normal of the downside substrates. Thereby, it becomes
possible to appropriately reverse the bright and dark dis-
plays of at least a portion of the entire display area and
at least a portion of the desired pattern according to the
brightness of surrounding environments to select such a
bright and dark display as presents a clear contrast be-
tween the entire display area and the desired pattern.
Thereby, it is possible to provide a liquid crystal display
with a constantly high visibility without being affected by
the brightness of surrounding environments.

[0017] In this display, because the first twist direction
is opposite to the second twist direction, and the twisted
angle of the upside liquid crystal molecules relative to
the first twist direction and the twisted angle of the down-
side liquid crystal molecules relative to the second twist
direction are equal to or above 90 degrees and below
180 degrees, the illumination light entering each of the
liquid crystal layers will not exit the liquid crystal layer
with the same polarizing direction as that of entering and
thus without being twisted. Thereby, it is possible for the
liquid crystal display to carry out a display with clearer
and/or higher contrast.

[0018] Further, because the director of the upside lig-
uid crystal molecules positioned in the lower-end vicinity
of the upside liquid crystal layer is 90-degree different
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from or 180-degree opposite to that of the downside liquid
crystal molecules positioned in the upper-end vicinity of
the downside liquid crystal layer, in the portion of the
lower-end vicinity of the upside liquid crystal layer and
the upper-end vicinity of the downside liquid crystal layer,
eveniftheillumination light happens to obliquely traverse
the liquid crystal molecules, it is still possible to compen-
sate the influence of birefringence from the liquid crystal
molecules. Then, the outgoing illumination light from the
liquid crystal display is able to exit in the state of a linearly
polarized light as it is without being changed into an el-
lipsoidal polarized light. Therefore, it is possible to
present a clear contrast between the entire display area
and the desired pattern, thereby allowing for a liquid crys-
tal display with a high visibility.

[0019] Further, because the pair of the liquid crystal
molecules in the upper-end vicinity of the upside liquid
crystal layer and in the lower-end vicinity of the downside
liquid crystal layer, and the pair of the liquid crystal mol-
ecules in the lower-end vicinity of the upside liquid crystal
layer and in the upper-end vicinity of the downside liquid
crystal layer are opposite in direction and have almost
the same degree in pre-tilt angle, it is possible to cancel
out the retardation occurring in one liquid crystal layer of
the upside liquid crystal layer and the upside liquid crystal
layer by the completely opposite retardation occurred in
the other liquid crystal layer for the illumination light trav-
elling obliquely, i.e. when the liquid crystal display is
viewed at an angle. Thereby, the obliquely outgoing illu-
mination light from the liquid crystal display does not have
retardation, and thus itis possible to display without color
shift in comparison with the illumination light travelling
straightforwardly.

[0020] Further, because the pair of upside electrodes
and the pair of downside electrodes are configured by
utilizing ITO electrodes, and thus can be transparently
configured. By virtue of this, the illumination light will not
be hindered from travelling through those electrodes.
Therefore, inside the upside liquid crystal cell and the
downside liquid crystal cell, the illumination light exits the
liquid crystal display without being weakened. Hence, it
is possible to present a clear contrast between the entire
display area and the desired pattern, thereby allowing
for a liquid crystal display with a high visibility.

[0021] By virtue of the liquid crystal display in accord-
ance with the second aspect of the present invention, the
first twist direction of the upside liquid crystal molecules
is opposite to the second twist direction of the downside
liquid crystal molecules. The pre-tilt angle of the upside
liquid crystal molecules positioned in the upper-end vi-
cinity of the upside liquid crystal layer and the pre-tilt an-
gle of the downside liquid crystal molecules positioned
in the lower-end vicinity of the downside liquid crystal
layer, and the pre-tilt angle of the upside liquid crystal
molecules positioned in the lower-end vicinity of the up-
side liquid crystal layer and the pre-tilt angle of the down-
side liquid crystal molecules positioned in the upper-end
vicinity of the downside liquid crystal layer are in opposite
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direction and have almost the same angle of degree. Fur-
thermore, the director of the upside liquid crystal mole-
cules positioned in the lower-end vicinity of the upside
liquid crystal layer is 180-degree opposite to that of the
downside liquid crystal molecules positioned in the up-
per-end vicinity of the downside liquid crystal layer. That
is, the upside liquid crystal layer and the downside liquid
crystal layer form an approximately symmetrical struc-
ture in the vertically direction. By virtue of the this con-
figuration, when the illumination light travels upward from
below in an oblique direction through the liquid crystal
display, for example, it is possible to mutually cancel out,
i.e. compensate, the retardation; that is, the retardation
bestowed in the downside liquid crystal layer is cancelled
out by the retardation bestowed in the upside liquid crys-
tal layer and completely opposite to that occurring in the
downside liquid crystal layer. Thereby, the illumination
light travelling in an oblique direction exits the liquid crys-
tal display in a state without retardation, and thus it is
possible to further deter the occurrence of color shift
when the liquid crystal display is viewed at an angle.
[0022] Inthe liquid crystal display, because the twisted
angle of the upside liquid crystal molecules relative to
the first twist direction and the twisted angle of the down-
side liquid crystal molecules relative to the second twist
direction are equal to or above 90 degrees and below
180 degrees, the illumination light entering each of the
liquid crystal layers will not exit the liquid crystal layer
with the same polarizing direction as that of entering and
thus without being twisted. Thereby, it is possible for the
liquid crystal display to carry out a clearer display.
[0023] Further, chiral material is added for maintaining
the twist pitches of the both liquid crystal molecules at
almost the same. Even though effect of temperature
change occursin both liquid crystal layers, the twist pitch-
es of both liquid crystal molecules can be maintained at
almost the same. Thereby, the aforementioned vertically
symmetrical structure is maintained between the upside
liquid crystal layer and the downside liquid crystal layer.
Hence, the illumination light travelling in an oblique di-
rection exits the liquid crystal display in a state without
retardation, and thus it is possible to further deter the
occurrence of color shift when viewing the liquid crystal
display from the oblique direction.

[0024] Further, at least one is almost parallel to the
other between the predetermined transmission axis di-
rection of the upside polarizer and the director of the up-
side liquid crystal molecules positioned in the upper-end
vicinity of the upside liquid crystal layer, and between the
predetermined transmission axis direction of the down-
side polarizer and the director of the downside liquid crys-
tal molecules positioned in the lower-end vicinity of the
downside liquid crystal layer. When the illumination light
enters from the upper side of the upside polarizer or from
the lower side of the downside polarizer, only the linearly
polarized light of the predetermined transmission axis
direction travels inside the upside liquid crystal cell and
the downside liquid crystal cell, and then it is able to exit
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theliquid crystal display to allow for a clear display without
including any circularly-polarized light.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

Fig. 1is a sectional side view showing a liquid crystal
display (negative mode) in accordance with the
present invention;

Fig. 2is a sectional side view showing the liquid crys-
tal display (positive mode) in accordance with the
present invention;

Fig. 3 is a pattern diagram showing directors of the
liquid crystal display in accordance with the present
invention;

Fig. 4A is a pattern diagram showing directors of the
liquid crystal inside a display liquid crystal cell;

Fig. 4B is a pattern diagram showing directors of the
liquid crystal inside a reverse control liquid crystal
cell;

Fig. 5A is a pattern diagram showing tilt directions
of the liquid crystal inside the display liquid crystal
cell;

Fig. 5B is a pattern diagram showing tilt directions
of the liquid crystal inside the reverse control liquid
crystal cell;

Fig. 6A is a pattern diagram showing tilt directions
of the liquid crystal inside the display liquid crystal
cell under voltage application;

Fig. 6B is a pattern diagram showing tilt directions
of the liquid crystal inside the reverse control liquid
crystal cell under voltage application;

Fig. 7 is a plan view showing an example of trans-
parent electrodes;

Fig. 8 is a sectional side view showing another liquid
crystal display with color shift compensation in ac-
cordance with the present invention;

Fig. 9 is a pattern diagram showing directors of the
other liquid crystal display in accordance with the
present invention;

Fig. 10 is a sectional side view showing a conven-
tional liquid crystal display; and

Fig. 11 is a pattern diagram showing directors of the
conventional liquid crystal display.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0026] Referring to Figs. 1 to 7, descriptions will be
made hereinbelow with respect to a preferred embodi-
ment of a liquid crystal display 1 in accordance with the
present invention. For the sake of convenience, descrip-
tions will be made with the directions of arrow shown in
each drawing as frontward, backward, leftward, right-
ward, upward and downward directions. As shown in Fig.
1, the liquid crystal display 1 is constituted mainly by a
backlight 2, a lower polarizer 3, an upper polarizer 4, a
reverse control liquid crystal cell 10, and a display liquid



9 EP 2 372 444 A1 10

crystal cell 30.

[0027] The reverse control liquid crystal cell 10 is con-
stituted into a flat plate by substrates 11, alignmentlayers
12a and 12b, transparent electrodes 13a and 13b, a seal
material 14, an AC power supply 16, a selection switch
17, and a liquid crystal layer 20. The liquid crystal layer
20 is an optically uniaxial birefringent crystal which uti-
lizes a twisted nematic liquid crystal material, and is
formed by laminating liquid crystal molecules into layers
having a regular director, and has a birefringent property
in the minor axis direction and not in the major axis di-
rection. To this twisted nematic liquid crystal material, a
chiral material is added for controlling the twist pitch of
the liquid crystal molecules. As a chiral material, for ex-
ample, chiral nematic liquid crystals and cholesteric liquid
crystals are utilized.

[0028] Each of the alignment layers 12a and 12b has
undergone an aligning treatment (rubbing process) on
one surface. The liquid crystal molecules of the liquid
crystal layer 20 are aligned to line up the major axis in
that direction, and are formed to have a pre-tilt angle
approximately 2 to 10 degrees relative to the surfaces of
the alignment layers 12a and 12b. The pre-tilt angle is
determined according to the material of the alignment
layers 12a and 12b and the liquid crystal molecules.
[0029] The transparent electrodes 13a and 13b are
formed to be transparent flat plates by utilizing such as
ITO electrodes with a small amount of tin oxide added to
indium oxide, and a voltage can be applied thereto from
outside. The AC power supply 16 is electrically connect-
ed with the transparent electrodes 13a and 13b, and can
apply a voltage to the entire area of the transparent elec-
trodes 13a and 13b. The selection switch 17 is provided
in an electrical circuit electrically connecting the trans-
parent electrodes 13a and 13b with the AC power supply
16. It is possible to switch arbitrarily to select whether or
not to apply a voltage to the transparent electrodes 13a
and 13b from the AC power supply 16 by turning on or
off the selection switch 17.

[0030] The substrates 11 are planar substrates formed
by utilizing such as transparentglass, and the illumination
light irradiated from the backlight 2 can be transmitted
therethrough. The seal material 14 is formed of a material
through which the liquid crystal molecules of the liquid
crystal layer 20 do not penetrate, and configured to pre-
vent the liquid-state liquid crystal molecules from flowing
to the outside and prevent contaminant from flowing into
the liquid crystal layer 20 from the outside.

[0031] The display liquid crystal cell 30 is constituted
into a flat plate by substrates 31, alignment layers 32a
and 32b, lower transparent electrodes 33a and 35a, up-
per transparent electrodes 33b and 35b, a seal material
34, an AC power supply 36, and a liquid crystal layer 40.
The liquid crystal layer 40 is, in the same manner as the
aforementioned liquid crystal layer 20, formed by utilizing
a twisted nematic liquid crystal material to which a chiral
materialis added. Here, the property and additive amount
of the chiral material are adjusted such that the changes
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of twist pitch of the liquid crystal molecules may become
equivalent between the liquid crystal layer 20 and the
liquid crystal layer 40 when the temperature of the liquid
crystal layers are changing (the temperature properties
of liquid crystal). In the same manner as the aforemen-
tioned alignment layers 12a and 12b, the alignment lay-
ers 32a and 32b are formed after undergoing an aligning
treatment.

[0032] Each of the transparent electrodes 33a, 33b,
35a and 35b is formed of a transparent conductive film.
A plurality of lower transparent electrodes 35a and upper
transparent electrodes 35b are provided to form a desired
pattern and configured to display the pattern in black and
white by carrying out control of the voltage application
from the AC power supply 36 to each electrode. Similar
to the substrates 11, the substrates 31 are planar sub-
strates formed by utilizing such as transparent glass, and
the illumination light irradiated from the backlight 2 can
be transmitted therethrough. Similar to the seal material
14, the seal material 34 is formed of a material through
which the liquid crystal molecules of the liquid crystal
layer 40 do not penetrate. The AC power supply 36 is
electrically connected with the transparent electrodes
35a and the transparent electrodes 35b, and can apply
a voltage to each of the lower transparent electrodes 35a
and upper transparent electrodes 35b.

[0033] Thelower polarizer 3is alinear polarizer formed
to allow only the linearly polarized light with vibration in
the transmission axis direction 3a shown in Fig. 3 to be
transmitted therethrough. Similar to the lower polarizer
3, the upper polarizer 4 is a linear polarizer formed to
allow only the linearly polarized light with vibration in the
transmission axis direction 4a shown in Fig. 3 to be trans-
mitted therethrough. The backlight 2 is a light source ir-
radiating illumination light from below the lower polarizer
3.

[0034] So far, the descriptions have been made here-
inabove with respect to the component configuration of
the liquid crystal display 1. Hereinbelow, descriptions will
be made with respect to the assembly configuration of
the liquid crystal display 1.

[0035] First, to describe the assembly configuration of
the reverse control liquid crystal cell 10, the reverse con-
trol liquid crystal cell 10 forms an area of the liquid crystal
layer 20 by disposing two substrates 11 on the upper and
lower sides, and enclosing the space sandwiched by the
two substrates 11 with the seal material 14 on the front,
back, left and right sides. Further, the transparent elec-
trode 13a is fixed on the upper surface of the lower sub-
strate 11, and the alignment layer 12a is fixed on the
upper surface of the transparent electrode 13a. On the
other hand, the transparent electrode 13b is fixed on the
lower surface of the upper substrate 11, and the align-
ment layer 12b is fixed on the lower surface of the trans-
parent electrode 13b. Then, the transparent electrodes
13a and 13b are disposed to form a pair vertically facing
each other. Further, as described hereinbefore, the trans-
parent electrodes 13a and 13b are electrically connected
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with the AC power supply 16.

[0036] With respect to the frontward, backward, left-
ward and rightward directions as shown in Fig. 3, the
direction for aligning treatment of the alignment layer 12a
is parallel to the direction such as shown by the arrow 21
a. On the other hand, the direction for aligning treatment
of the alignment layer 12b is parallel to the direction such
as shown by the arrow 26a. Then, the directions for align-
ing treatment of the respective alignment layers 12a and
12b form a 90-degree angle in the frontward, backward,
leftward and rightward directions. Fig. 5B shows a pattern
with liquid crystal molecules 21 to 26 with respect to a
portion of the alignment of the liquid crystal molecules
inside the liquid crystal layer 20 in the upward and down-
ward direction. Further, Fig. 4B shows the directors (ma-
jor axis directions) of the liquid crystal molecules 21 to
26 in the frontward, backward, leftward and rightward
directions, and the directors of the liquid crystal mole-
cules 21 to 26 correspond respectively to the arrows 21
a to 26a.

[0037] The liquid crystal molecules 21 and 26 being
positioned closest to the alignment layers 12a and 12b
are fixed along the aligning treatment directions, respec-
tively. Thereby, their directors are parallel to the aligning
treatment directions of the alignment layers 12a and 12b,
respectively. Further, with respect to the lower liquid crys-
tal molecule 22, its major axis direction is almost parallel
to that of the arrow 21a; meanwhile, with respect to the
upper liquid crystal molecule 25, its major axis direction
is almost parallel to that of the arrow 26a. That is, viewing
from above the whole picture of the liquid crystal mole-
cules 21 to 26, they are aligned such that the directors
are twisted as changing the directions little by little to turn
90 degrees clockwise in the frontward, backward, left-
ward and rightward directions.

[0038] The liquid crystal molecules 21 and 26 closest
to the alignment layers 12a and 12b are, as shown in Fig.
5B, fixed in such a state as parallel to the rubbing direc-
tions and tilted at a pre-tilt angle to the substrate surfaces
in the leftward, rightward, upward and downward direc-
tions. In the leftward, rightward, upward and downward
directions, the liquid crystal molecule 21 is tilted to the
alignment layer 12a at a pre-tilt angle 61, and the liquid
crystal molecule 26 is tilted to the alignment layer 12b at
a pre-tilt angle 62. The liquid crystal molecules 22 to 25
are disposed such that the tilt angles change gradually
from approximately 61 to approximately 62 in the left-
ward, rightward, upward and downward directions in as-
cending order from the lower liquid crystal molecule 22
to the upper liquid crystal molecule 25 in the liquid crystal
layer 20.

[0039] Next, descriptions will be made with respect to
the assembly configuration of the display liquid crystal
cell 30. Its basic configuration is the same as that of the
reverse control liquid crystal cell 10, that is, it forms an
area of the liquid crystal layer 40 by disposing two sub-
strates 31 on the upper and lower sides, and enclosing
the space sandwiched by the two substrates 31 with the
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seal material 34 on the front, back, left and right sides.
Further, the transparent electrodes 33a and 35a are fixed
on the upper surface of the lower substrate 31, and the
transparent electrodes 33b and 35b are fixed on the lower
surface of the upper substrate 31, wherein the transpar-
ent electrodes 33a and 33b, and the transparent elec-
trodes 35a and 35b are disposed to form pairs vertically
facing each other, respectively. Here, as described here-
inbefore, the transparent electrodes 33a and 35b are
electrically connected with the AC power supply 36.
Then, the alignment layer 32a is fixed on the upper sur-
face of the transparent electrodes 33a and 35a, and the
alignment layer 32b is fixed on the lower surface of the
transparent electrodes 33b and 35b. Further, the reverse
control liquid crystal cell 10 and the display liquid crystal
cell 30 are almost the same in the thickness of the vertical
direction.

[0040] With respect to the frontward, backward, left-
ward and rightward directions as shown in Fig. 3, the
direction for aligning treatment of the alignment layer 32a
is parallel to the direction such as shown by the arrow 41
a. On the other hand, the direction for aligning treatment
of the alignment layer 32b is parallel to the direction such
as shown by the arrow 46a. Then, the directions for align-
ing treatment of the respective alignment layers 32a and
32b form a 90-degree angle in the frontward, backward,
leftward and rightward directions. Fig. 5A shows a pattern
with liquid crystal molecules 41 to 46 with respect to a
portion of the alignment of the liquid crystal molecules
inside the liquid crystal layer 40 in the upward and down-
ward direction. Further, Fig. 4A shows the directors (ma-
jor axis directions) of the liquid crystal molecules 41 to
46 in the frontward, backward, leftward and rightward
directions, and the directors of the liquid crystal mole-
cules 41 to 46 correspond respectively to the arrows 41
a to 46a.

[0041] The liquid crystal molecules 41 and 46 being
positioned closest to the alignment layers 32a and 32b
are fixed along the aligning treatment directions, respec-
tively. Thereby, their directors are parallel to the aligning
treatment directions of the alignment layers 32a and 32b,
respectively. Further, with respectto the lower liquid crys-
tal molecule 42, its major axis direction is almost parallel
to that of the arrow 41a; meanwhile, with respect to the
upper liquid crystal molecule 45, its major axis direction
is almost parallel to that of the arrow 46a. That is, viewing
from above the whole picture of the liquid crystal mole-
cules 41 to 46, they are aligned such that the directors
are twisted as changing the directions little by little to turn
90 degrees counterclockwise in the frontward, backward,
leftward and rightward directions.

[0042] The liquid crystal molecules 41 and 46 closest
to the alignment layers 32a and 32b are, as shown in Fig.
5A, fixed in such a state as parallel to the rubbing direc-
tions and tilted at a pre-tilt angle to the substrate surfaces
in the leftward, rightward, upward and downward direc-
tions. In the leftward, rightward, upward and downward
directions, the liquid crystal molecule 41 is tilted to the



13 EP 2 372 444 A1 14

alignment layer 32a at a pre-tilt angle 63, and the liquid
crystal molecule 46 is tilted to the alignment layer 32b at
a pre-tilt angle 64. The liquid crystal molecules 42 to 45
are disposed such that the tilt angles change gradually
from approximately 63 to approximately 64 in the left-
ward, rightward, upward and downward directions in as-
cending order from the lower liquid crystal molecule 42
to the upper liquid crystal molecule 45 in the liquid crystal
layer 40.

[0043] Next, descriptions will be made with respect to
the assembly configuration of the liquid crystal display 1
configured by utilizing the reverse control liquid crystal
cell 10 and the display liquid crystal cell 30 of the above
configurations.

[0044] In a state of the display liquid crystal cell 30
being fixed on the upper side of the reverse control liquid
crystal cell 10, the two fixed liquid crystal cells are sand-
wiched by the lower polarizer 3 from below and the upper
polarizer 4 from above. As shown in Fig. 3, the transmis-
sion axis direction 3 a of the lower polarizer 3 is almost
the same as the aligning treatment direction 21a of the
alignment layer 12a (i.e. the director of the liquid crystal
molecule 21), and the transmission axis direction 4a of
the upper polarizer 4 is in a 90-degree turned position
relation with the aligning treatment direction 46a of the
alignment layer 32b (i.e. the director of the liquid crystal
molecule 46). Further, the aligning treatment direction
26a of the alignment layer 12b (i.e. the director of the
liquid crystal molecule 26) and the aligning treatment di-
rection 41a of the alignment layer 32a (i.e. the director
of the liquid crystal molecule 41) are configured to be-
come parallel to each other in opposite directions (180-
degree turned directions).

[0045] Further, the pre-tilt angles 61 and 64, as well
as the pre-tilt angles 62 and 63, are almost the same
angle, while the liquid crystal molecules 22 and 45, the
liquid crystal molecules 23 and 44, the liquid crystal mol-
ecules 24 and 43, and the liquid crystal molecules 25 and
42 have almost the same tilt angle, respectively. Then,
the backlight 2 is disposed below the lower polarizer 3,
and the illumination light irradiated from the backlight 2
is configured to irradiate toward the reverse control liquid
crystal cell 10 and the display liquid crystal cell 30 (i.e.
from downside to upside).

[0046] So far, the descriptions have been made here-
inabove with respect to the assembly configuration of the
liquid crystal display 1. Now, in the following working ex-
amples 1 and 2, descriptions will be made with respect
to a display method carried out by utilizing the above
liquid crystal display 1.

[0047] The liquid crystal display 1 renders a bright dis-
play in the portion where the illumination light from the
backlight 2 is incoming from the lower polarizer 3 and
outgoing through the upper polarizer 4. On the other
hand, if there is a portion where the illumination light is
not transmitted through the upper polarizer 4, then that
portion is in a dark state as it is without any display (no
display). Now, descriptions will be made with respect to
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an exemplary case of displaying the numeral 1 by utilizing
a transparent electrode 100 configured to be capable of
displaying the numerals 1 to 9. With respect to the display
liquid crystal cell 30 of the aforementioned configuration,
the display is configured by utilizing a pair of the trans-
parent electrodes 100 having seven patterns 102, 103,
104, ..., and a periphery portion 101 as shown in Fig. 7.
This pair of transparent electrodes 100 is fixed to be a
pair in a vertical direction, one between the lower sub-
strate 31 and the alignment layer 32a and the other be-
tween the upper substrate 31 and the alignment layer
32b. Then, each pair of the corresponding patterns be-
tween the upper and lower ones (for example, the pair
of the upper and lower patterns 102) is electrically con-
nected to the AC power supply 36.

[0048] By virtue of the above configuration and apply-
ing a voltage only to the portions of the patterns 102 and
103, the illumination light is transmitted only through the
patterns 102 and 103, and thereby the numeral 1 is bright-
ly displayed. On the other hand, the illumination light is
not transmitted through the other portions of the patterns
104, ..., including the periphery portion 101, which are
thus darkly displayed. That s, a desired display is carried
out by the configuration of applying a voltage only to the
pattern portions for the bright display so as to transmit
the illumination light therethrough.

WORKING EXAMPLE 1

[0049] First, with respect to the negative mode shown
inFig. 1, explanations willbe made in terms of an example
as to how the illumination lights 2a and 2b travel. The
illumination light 2a travels vertically through the portion
of the transparent electrodes 33a and 33b inside the dis-
play liquid crystal cell 30, while the illumination light 2b
travels vertically through the portion of the transparent
electrodes 35a and 35b under voltage application. In the
case of the negative mode shown in Fig. 1, the selection
switch 17 is turned off, and the AC power supply 16 has
not applied a voltage to the transparent electrodes 13a
and 13b.

[0050] Althoughtheillumination light2airradiated from
the backlight 2 becomes a circularly-polarized light 2e on
the plane vertical to the travelling direction (vertical di-
rection) as shown in Fig. 3, because it is transmitted
through the lower polarizer 3, only the linearly polarized
light parallel to the transmission axis direction 3a enters
the reverse control liquid crystal cell 10. The illumination
light entering the reverse control liquid crystal cell 10 trav-
els upward from below and changes the polarizing direc-
tion according to the twisted angles of the liquid crystal
molecules 21 to 26 ( the major axis directions of the liquid
crystal molecules 21 to 26) due to the optical rotation of
the liquid crystal molecules inside the liquid crystal layer
20, while changing the polarizing direction by 90 degrees
clockwise in the frontward, backward, leftward and right-
ward directions, exiting the reverse control liquid crystal
cell 10 and entering the display liquid crystal cell 30 with
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the direction of the arrow 26a as the polarizing direction.
[0051] Then, because of the optical rotation of the lig-
uid crystal molecules inside the liquid crystal layer 40,
the illumination light 2a entering the display liquid crystal
cell 30 travels upward from below while changing the
polarizing direction 90 degrees counterclockwise in the
frontward, backward, leftward and rightward directions
according to the twisted angles of the liquid crystal mol-
ecules 41 to 46 ( the major axis directions of the liquid
crystal molecules 41 to 46), and reaches the upper po-
larizer 4. The polarizing direction of the illumination light
2a reaching the upper polarizer 4 is shown by the arrow
46a, and since the arrow 46a is in a perpendicular posi-
tion relation with the transmission axis direction 4a of the
upper polarizer 4, as a result, the illumination light 2a
cannot be transmitted through the upper polarizer 4.
Thereby, viewing the liquid crystal display 1 from above
the upper polarizer 4, the display is dark (no display).
[0052] On the other hand, after entering the reverse
control liquid crystal cell 10 in the same manner as the
aforementioned illumination light 2a, the illumination light
2birradiated from the backlight 2 exits the reverse control
liquid crystal cell 10 and enters the display liquid crystal
cell 30.

[0053] Here, the AC power supply 36 applies a voltage
to the transparent electrodes 35a and 35b, and Fig. 6A
shows a state of the liquid crystal molecules 41 to 46
tilted at the time in the leftward, rightward, upward and
downward directions. As shown in Fig. 6A, the liquid crys-
talmolecules 41, 42, 45 and 46 in the vicinity of the align-
ment layers 32a and 32b are fixed in the aligning treat-
ment direction of the alignment layers 32a and 32b, and
thereby the tilt angles do not change before and after
voltage application. On the other hand, the liquid crystal
molecules 43 and 44 in the intermediate portion are
aligned with the major axis directed vertically along the
lines of electric force occurring between the transparent
electrodes 35a and 35b.

[0054] The liquid crystal molecules inside the liquid
crystal layer 40 are optically uniaxial birefringent crystal
which has a birefringent property in the minor axis direc-
tion and not in the major axis direction. Thereby, the il-
lumination light 2b travelling inside the liquid crystal layer
40 travels along the major axis direction of the liquid crys-
tal molecules inside the liquid crystal layer 40 without
being affected by the birefringent property of the liquid
crystal molecules, and reaches the upper polarizer 4
without changing the polarizing direction. At the time, the
polarizing direction of the illumination light 2b reaching
the upper polarizer 4 is shown by the arrow 41 a, which
is parallel to the transmission axis direction 4a of the up-
per polarizer 4. As a result, the illumination light 2b is
transmitted through the upper polarizer 4, and thereby
viewing the liquid crystal display 1 from above the upper
polarizer 4, the display looks bright.

[0055] When the illumination light 2b travels obliquely
through the reverse control liquid crystal cell 10 and the
display liquid crystal cell 30, retardation occurs in the

10

15

20

25

30

35

40

45

50

55

illumination light 2b affected by the birefringent property
of each liquid crystal molecule. However, in the light path
through which the illumination light 2b travels, the liquid
crystal molecules 21 and 46, the liquid crystal molecules
22 and 45, the liquid crystal molecules 25 and 42, and
the liquid crystal molecules 26 and 41 are in such a po-
sition relation as compensates, i.e. cancels out, the re-
tardation, respectively. As shown in Figs. 4A and 4B,
each pair of the liquid crystal molecules in the above com-
pensational position relation is opposite to each other
(i.e. 180-degree turned directions) in director and, as
shown in Figs. 5A and 5B, the tilt directions are reversed
while the tilt angles are almost the same in the leftward,
rightward, upward and downward directions.

[0056] By virtue of this, when the illumination light 2b
travels through the liquid crystal molecule 46, for exam-
ple, it is ocurred with retardation completely opposite to
that occurring in the liquid crystal molecule 21, and there-
by the retardation occurring in the liquid crystal molecule
21 is cancelled out. In the same manner with respect to
the other pairs of the liquid crystal molecules in the mu-
tually compensational position relation, the illumination
light 2b acts such that the retardation occurring inside
the reverse control liquid crystal cell 10 is cancelled out
by the retardation occurring inside the display liquid crys-
tal cell 30. Thereby, when travelling obliquely, the illumi-
nation light 2b transmitted through the upper polarizer 4
does not have retardation, and thereby color shift does
not occurin comparison with the illumination light 2b trav-
elling straightforwardly in a vertical direction.

[0057] That is, with respect to the negative mode
shown in Fig. 1, the portion of the transparent electrodes
33a and 33b is darkly displayed, while the portion of the
transparent electrodes 35a and 35b is brightly displayed.
Thereby, itis possible to brightly display a desired pattern
on a darkly displayed background by utilizing a plurality
oftransparent electrodes 35a and 35b to form the desired
pattern, and controlling the voltage application to the plu-
rality oftransparent electrodes 35a and 35b, respectively.

WORKING EXAMPLE 2

[0058] Next, with respect to the positive mode shown
inFig. 2, explanations willbe made in terms of an example
as to how the illumination lights 2c and 2d travel. The
illumination light 2c travels vertically through the portion
of the transparent electrodes 33a and 33b inside the dis-
play liquid crystal cell 30, while the illumination light 2d
travels vertically through the portion of the transparent
electrodes 35a and 35b under voltage application. In the
case of the positive mode shown in Fig. 2, the selection
switch 17 is turned on, and the AC power supply 16 has
applied a voltage to the transparent electrodes 13a and
13b.

[0059] Although the illumination light 2cirradiated from
the backlight 2 becomes a circularly-polarized light 2e on
the plane vertical to the travelling direction (vertical di-
rection) as shown in Fig. 3, because it is transmitted
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through the lower polarizer 3, only the linearly polarized
light parallel to the transmission axis direction 3a enters
the reverse control liquid crystal cell 10. At the time, since
a voltage is applied to the transparent electrodes 13a
and 13b, with respect to the liquid crystal molecules in-
side the liquid crystal layer 20 as shown in Fig. 6B, the
liquid crystal molecules 21, 22, 25 and 26 in the vicinity
of the alignment layers 12a and 12b are fixed to the align-
ment layers 12a and 12b by the aligning treatment of the
alignment layers 12a and 12b, and thereby the tilt angles
do not change before and after voltage application. On
the other hand, the liquid crystal molecules 23 and 24 in
the intermediate portion are aligned with the major axis
directed vertically along the lines of electric force occur-
ring between the transparent electrodes 13a and 13b.
[0060] Similar to the liquid crystal molecules inside the
liquid crystal layer 40, the liquid crystal molecules inside
the liquid crystal layer 20 are optically uniaxial birefrin-
gent crystal which has a birefringent property in the minor
axis direction and notin the major axis direction. Thereby,
the illumination light 2c travelling inside the liquid crystal
layer 20 travels along the major axis direction of the liquid
crystal molecules inside the liquid crystal layer 20 without
being affected by the birefringent property of the liquid
crystal molecules, and exits the reverse control liquid
crystal cell 10 along the direction shown by the arrow 21a
as it is without changing the polarizing direction.

[0061] The illumination light 2c exiting the reverse con-
trol liquid crystal cell 10 enters the display liquid crystal
cell 30. Then, because of the optical rotation of the liquid
crystal molecules inside the liquid crystal layer 40, the
illumination light 2c entering the display liquid crystal cell
30 changes the polarizing direction 90 degrees counter-
clockwise in the frontward, backward, leftward and right-
ward directions, and reaches the upper polarizer 4. The
polarizing direction of the illumination light 2c reaching
the upper polarizer 4 is shown by the arrow 41 a, and
since the arrow 41a is parallel to the transmission axis
direction 4a of the upper polarizer 4, as a result, the illu-
mination light 2c can be transmitted through the upper
polarizer 4. Thereby, viewing the liquid crystal display 1
from above the upper polarizer 4, the display is bright.
[0062] Further, when the illumination light 2c travels
obliquely through the reverse control liquid crystal cell 10
and the display liquid crystal cell 30, retardation occurs
in the illumination light 2¢ affected by the birefringent
property of each liquid crystal molecule. However, in the
light path through which the illumination light 2¢ travels,
in the same manner as the aforementioned illumination
light 2b, the liquid crystal molecules 21 and 46, the liquid
crystal molecules 22 and 45, the liquid crystal molecules
25 and 42, and the liquid crystal molecules 26 and 41
are in such a position relation as compensates (i.e. can-
cels out) the retardation, respectively. Thereby, when
travelling obliquely, the illumination light 2c transmitted
through the upper polarizer 4 does not have retardation,
and thereby color shift does not occur in comparison with
the illumination light 2c travelling straightforwardly in a
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vertical direction.

[0063] On the other hand, after entering the reverse
control liquid crystal cell 10 in the same manner as the
aforementioned illumination light 2c, the illumination light
2d irradiated from the backlight 2 exits the reverse control
liquid crystal cell 10 and enters the display liquid crystal
cell 30, the polarizing direction being that shown by the
arrow 21a as it is without change.

[0064] The illumination light 2d entering the display lig-
uid crystal cell 30 travels inside the liquid crystal layer
40. At the time, the liquid crystal molecules inside the
liquid crystal layer 40 are in a state shown in Fig. 6A;
thereby, it travels along the major axis directions of the
liquid crystal molecules in the same manner as the afore-
mentioned illumination light 2b, and reaches the upper
polarizer 4 without changing the polarizing direction. At
the time, the polarizing direction of the illumination light
2d reaching the upper polarizer 4 is shown by the arrow
21a, and since the arrow 21ais in a perpendicular posi-
tion relation with the transmission axis direction 4a of the
upper polarizer 4, as a result, the illumination light 2d
cannot be transmitted through the upper polarizer 4.
Thereby, viewing the liquid crystal display 1 from above
the upper polarizer 4, the display looks dark.

[0065] Thatis, with respectto the positive mode shown
in Fig. 2, the portion of the transparent electrodes 33a
and 33b is brightly displayed, while the portion of the
transparent electrodes 35a and 35b is darkly displayed.
Thereby, itis possible to darkly display a desired pattern
on a brightly displayed background by utilizing a plurality
oftransparent electrodes 35a and 35b to form the desired
pattern, and controlling the voltage application to the plu-
rality oftransparent electrodes 35a and 35b, respectively.
[0066] Here, to make a brief summary with respect to
the advantages of the liquid crystal display 1 in accord-
ance with the present invention, first, the liquid crystal
display 1 in accordance with the present invention is ca-
pable of switching between the negative mode and the
positive mode, shown in the working example 1 and the
working example 2 respetively, in an arbitrary and instant
manner by operating the selection switch 17. Thereby,
according to the brightness of the surrounding environ-
ments for utilizing the liquid crystal display 1, itis possible
to display in a state of improved contrast between the
background and the display pattern by appropriately car-
rying out an easy and instant switching between the neg-
ative mode and the positive mode, and thereby it is pos-
sible to constantly maintain a high visibility without being
affected by the brightness of the surrounding environ-
ments. The liquid crystal display 1 can be installed in a
car as an automotive liquid crystal display, for example,
so that whether in daytime or at night when the surround-
ing brightness changes, it is still possible to constantly
maintain a high visibility by switching between the neg-
ative mode and the positive mode to perform a display
in a state of improved contrast between the background
and the display pattern.

[0067] Second, the liquid crystals are aligned in such
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a manner as to cancel out the retardations for the illumi-
nation light obliquely travelling through a pair of liquid
crystal molecules at positions corresponding to the upper
liquid crystal layer 40 and the lower liquid crystal layer
20, respectively. By virtue of this configuration, the retar-
dation occurring in the liquid crystal layer 20 is cancelled
out by the retardation occurring in the liquid crystal layer
40. Thereby, the outgoing illumination light from the liquid
crystal display 1 does not have retardation, and thus it is
possible to display without color shift in comparison with
the illumination light travelling straightforwardly. In other
words, it is possible to widen the viewing angle of the
liquid crystal display 1.

[0068] Inthe above working examples, the illumination
light generated in the backlight 2 is configured to first
enter the reverse control liquid crystal cell 10, succes-
sively exit the reverse control liquid crystal cell 10, and
then enter the display liquid crystal cell 30. However, this
sequence may be reversed such thatthe illumination light
is configured to first enter the display liquid crystal cell
30, successively exit the display liquid crystal cell 30, and
then enter the reverse control liquid crystal cell 10.
[0069] Inthe above working examples, the liquid crys-
tal molecules of the liquid crystal layer 20 constitute the
reverse control liquid crystal cell 10 and, in the frontward,
backward, leftward and rightward directions, the direc-
tors turn 90 degrees clockwise. On the other hand, the
liquid crystal molecules of the liquid crystal layer 40 con-
stitute the display liquid crystal cell 30 and, in the front-
ward, backward, leftward and rightward directions, the
directors turn 90 degrees counterclockwise. Here, these
twist directions (i.e. turn directions) are not limited to the
above directions, but may also be configured to turn the
directors of the liquid crystal molecules of the liquid crys-
tal layer 20 by 90 degrees counterclockwise, and turn
the directors of the liquid crystal molecules of the liquid
crystal layer 40 by 90 degrees clockwise. Further, each
of the above turn angles is not limited to 90 degrees, but
can be set arbitrarily within the range from 90 degrees
to less than 180 degrees.

[0070] In the above working examples, the aligning
treatment direction 26a of the alignment layer 12b (i.e.
the director of the liquid crystal molecule 26) and the
aligning treatment direction 41a of the alignment layer
32a (i.e. the director of the liquid crystal molecule 41) are
configured to become parallel to each other and in op-
posite directions (i.e. 180-degree turned directions).
However, they are not limited to this configuration, but
may also be configured such that the aligning treatment
direction 26a of the alignment layer 12b and the aligning
treatment direction 41a of the alignment layer 32a inter-
cross at a 90-degree angle.

[0071] Inthe above working examples, at the positions
corresponding to the upper liquid crystal layer 40 and the
lower liquid crystal layer 20, pairs of liquid crystal mole-
cules are aligned to cancel out (i.e. compensate) retar-
dations. However, they are not limited to this configura-
tion, but even if pairs of liquid crystal molecules are not
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configured in the disposition of completely canceling out
retardations, it is still possible to maintain a high visibility
by switching between the negative mode and the positive
mode.

[0072] In the above working examples, because the
transparent electrodes 13a and 13b are configured to
sandwich a portion of the liquid crystal layer 20 and to
be under the control of voltage application, it is also pos-
sible to carry out switching between the negative mode
and the positive mode for at least a portion of such as
the periphery portion 101 and patterns 102, 103 and 104
positioned above the transparent electrodes 13a and
13b.

[0073] Next, referring to Fig. 8, descriptions will be
made with respect to another liquid crystal display 50 in
accordance with the present invention. The liquid crystal
display 50 shown in Fig. 8 is different from the aforemen-
tioned liquid crystal display 1 shown in Figs. 1 and 2 only
in the aspect of its utilizing a compensation liquid crystal
cell 10 instead of the reverse control liquid crystal cell
10. Further, because the components of the compensa-
tion liquid crystal cell 10 utilize the same components as
the reverse control liquid crystal cell 10, the same com-
ponents are designated by the same reference numerals,
any explanation for which will be omitted as appropriate.
[0074] The compensation liquid crystal cell 10 is con-
stituted into a flat plate by substrates 11, alignment layers
12aand 12b, a seal material 14, and a liquid crystal layer
20. The liquid crystal layer 20 is an optically uniaxial bi-
refringent crystal which utilizes a twisted nematic liquid
crystal material, and is formed by laminating liquid crystal
molecules into layers having a regular director, and has
a birefringent property in the minor axis direction and not
in the major axis direction. To this twisted nematic liquid
crystal material, a chiral material is added for controlling
the twist pitch of the liquid crystal molecules. As a chiral
material, for example, chiral nematic liquid crystals and
cholesteric liquid crystals are utilized.

[0075] To describe the assembly configuration of the
compensation liquid crystal cell 10, the compensation
liquid crystal cell 10 forms an area of the liquid crystal
layer 20 by disposing two substrates 11 on the upper and
lower sides, and enclosing the space sandwiched by the
two substrates 11 with the seal material 14 on the front,
back, left and right sides. Further, the alignment layer
12a is fixed on the upper surface of the lower surface of
the upper substrate 11, and the alignment layer 12b is
fixed on the lower surface of the upper substrate 11.
[0076] Next, descriptions will be made with respect to
the assembly configuration of the liquid crystal display
50 configured by utilizing the compensation liquid crystal
cell 10 and the display liquid crystal cell 30 of the above
configurations.

[0077] In a state of the display liquid crystal cell 30
being fixed on the upper side of the compensation liquid
crystal cell 10, the two fixed liquid crystal cells are sand-
wiched by the lower polarizer 3 from below and the upper
polarizer 4 from above. As shown in Fig. 2, the transmis-
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sion axis direction 3 a of the lower polarizer 3 is almost
the same as the aligning treatment direction 21a of the
alignment layer 12a (i.e. the director of the liquid crystal
molecule 21) and the transmission axis direction 4a of
the upper polarizer 4 is in a 90-degree turned position
relation with the aligning treatment direction 46a of the
alignment layer 32b (i.e. the director of the liquid crystal
molecule 46). Further, the aligning treatment direction
26a of the alignment layer 12b (i.e. the director of the
liquid crystal molecule 26) and the aligning treatment di-
rection 41 a of the alignment layer 32a (i.e. the director
of the liquid crystal molecule 41) are configured to be-
come parallel to each other in opposite directions (180-
degree turned directions).

[0078] Further, the pre-tilt angles 61 and 64, as well
as the pre-tilt angles 62 and 63, are almost the same
angle, while the liquid crystal molecules 22 and 45, the
liquid crystal molecules 23 and 44, the liquid crystal mol-
ecules 24 and 43, and the liquid crystal molecules 25 and
42 have almost the same tilt angle, respectively. Then,
the backlight 2 is disposed below the lower polarizer 3,
and the illumination light irradiated from the backlight 2
is configured to irradiate toward the compensation liquid
crystal cell 10 and the display liquid crystal cell 30 (i.e.
from downside to upside).

[0079] Next, descriptions will be made with respect to
a display method carried out by utilizing the above liquid
crystal display 50. The liquid crystal display 50 renders
a bright display in the portion where the illumination light
from the backlight 2 is incoming from the lower polarizer
3 and outgoing through the upper polarizer 4. On the
other hand, if there is a portion where the illumination
lightis not transmitted through the upper polarizer 4, then
that portion is in a dark state as it is without any display
(no display). Now, descriptions will be made with respect
to an exemplary case of displaying the numeral 1 by uti-
lizing a transparent electrode 100 configured to be ca-
pable of displaying the numerals 1 to 9. With respect to
the display liquid crystal cell 30 of the aforementioned
configuration, the display is configured by utilizing a pair
of the transparent electrodes 100 having seven patterns
102, 103, 104, ..., and a periphery portion 101 as shown
in Fig. 7. This pair of transparent electrodes 100 is fixed
to be a pair in a vertical direction, one between the lower
substrate 31 and the alignment layer 32a and the other
between the upper substrate 31 and the alignment layer
32b. Then, each pair of the corresponding patterns be-
tween the upper and lower ones (for example, the pair
of the upper and lower patterns 102) is electrically con-
nected to the AC power supply 36.

[0080] By virtue of the above configuration and apply-
ing a voltage only to the portions of the patterns 102 and
103, the illumination light is transmitted only through the
patterns 102 and 103, and thereby the numeral 1 is bright-
ly displayed. On the other hand, the illumination light is
not transmitted through the other portions of the patterns
104, ..., including the periphery portion 101, which are
thus darkly displayed. That is, a desired display is carried
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out by the configuration of applying a voltage only to the
pattern portions for the bright display so as to transmit
the illumination light therethrough. Thereby, descriptions
will be made hereinbelow with respect to three divided
states: the state of the illumination light being transmitted
through the upper polarizer 4; the state of the illumination
light being not transmitted through the upper polarizer 4;
and the state of viewing the illumination light being trans-
mitted through the upper polarizer 4 from an oblique di-
rection.

[0081] First, descriptions will be made with respect to
the state of the illumination light being transmitted
through the upper polarizer 4. Here, it is when the AC
power supply 36 applies a voltage to the transparent elec-
trodes 35a and 35b that the illumination light 2b is trans-
mitted through the upper polarizer 4 (in the above exam-
ple, the portion of the patterns 102 and 103). Fig. 6A
shows a state of the liquid crystal molecules 41 to 46
tilted in the leftward, rightward, upward and downward
direction when a voltage is applied to the transparent
electrodes 35a and 35b. As shown in Fig. 6A, the liquid
crystal molecules 41, 42, 45 and 46 in the vicinity of the
alignment layers 32a and 32b are fixed to the alignment
layers 32a and 32b by the aligning treatment of the align-
ment layers 32a and 32b, and thereby the tilt angles do
not change before and after voltage application. On the
other hand, the liquid crystal molecules 43 and 44 in the
intermediate portion are aligned with the major axis di-
rected vertically along the lines of electric force occurring
between the transparent electrodes 35a and 35b.
[0082] At the time, although the illumination light 2b
irradiated from the backlight 2 becomes a circularly-po-
larized light 2d on the plane vertical to the travelling di-
rection (vertical direction) as shown in Fig. 9, because it
is transmitted through the lower polarizer 3, only the lin-
early polarized light parallel to the transmission axis di-
rection 3a enters the compensation liquid crystal cell 10.
The illumination light entering the compensation liquid
crystal cell 10 travels upward from below and changes
the polarizing direction according to the twisted angles
of the liquid crystal molecules 21 to 26 ( the major axis
directions of the liquid crystal molecules 21 to 26) due to
the optical rotation of the liquid crystal molecules inside
the liquid crystal layer 20, while changing the polarizing
direction by 90 degrees clockwise in the frontward, back-
ward, leftward and rightward directions, exiting the com-
pensation liquid crystal cell 10 and entering the display
liquid crystal cell 30 with the direction of the arrow 26a
as the polarizing direction.

[0083] At the time, the liquid crystal molecules inside
the liquid crystal layer 40 are, as shown in the aforemen-
tioned Fig. 6A, such that the major axis is in a vertical
directed state and, here, the liquid crystal molecules in-
side the liquid crystal layer 40 are optically uniaxial bire-
fringent crystal which has a birefringent property in the
minor axis direction and not in the major axis direction.
Thereby, the illumination light 2b travelling inside the lig-
uid crystal layer 40 travels along the major axis direction
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of the liquid crystal molecules inside the liquid crystal
layer 40 without being affected by the birefringent prop-
erty of the liquid crystal molecules, and reaches the upper
polarizer 4 without changing the polarizing direction. At
the time, the polarizing direction of the illumination light
2b reaching the upper polarizer 4 is shown by the arrow
41 a, which is parallel to the transmission axis direction
4a of the upper polarizer 4. As a result, the illumination
light 2b is transmitted through the upper polarizer 4, and
thereby viewing the liquid crystal display 50 from above
the upper polarizer 4, the display looks bright.

[0084] Next, descriptions will be made with respect to
the state of the illumination light being not transmitted
through the upper polarizer 4. Here, it is when the illumi-
nation light does not travel through the transparent elec-
trodes 35a and 35b to which the AC power supply 36
does not apply a voltage (in the above example, the por-
tion of the pattern 104), and when the illumination light
travels through the transparent electrodes 33a and 33b
(in the above example, the periphery portion 104), that
the illumination light is not transmitted through the upper
polarizer 4. Hereinbelow, to describe the case of the il-
lumination light 2a being transmitted through the trans-
parent electrodes 33a and 33b, the illumination light 2a
shown in Fig. 8 acts in the same manner as the afore-
mentioned illumination light 2b when travelling inside the
compensation liquid crystal cell 10.

[0085] Then, because of the optical rotation of the lig-
uid crystal molecules inside the liquid crystal layer 40,
the illumination light 2a exiting the compensation liquid
crystal cell 10 and entering the display liquid crystal cell
30 travels upward from below while changing the polar-
izing direction 90 degrees counterclockwise in the front-
ward, backward, leftward and rightward directions ac-
cording to the twisted angles of the liquid crystal mole-
cules 41 to 46 (the major axis directions of the liquid
crystal molecules 41 to 46), and reaches the upper po-
larizer 4. The polarizing direction of the illumination light
2a reaching the upper polarizer 4 is shown by the arrow
46a, and since the arrow 46a is in a perpendicular posi-
tion relation with the transmission axis direction 4a of the
upper polarizer 4, as a result, the illumination light 2a
cannot be transmitted through the upper polarizer 4.
Thereby, viewing the liquid crystal display 50 from above
the upper polarizer 4, the display is dark (no display).
Further, when the illumination light travels through the
transparent electrodes 35a and 35b to which the AC pow-
er supply 36 does not apply a voltage, in the same man-
ner, the illumination light cannot be transmitted through
the upper polarizer 4, and thereby the display is dark (no
display).

[0086] Next, descriptions will be made with respect to
the state of viewing an illumination light being transmitted
through the upper polarizer 4 from an oblique direction.
This is the case of viewing an oblique illumination light
2c being transmitted through the upper polarizer 4,
shown by the arrow of long dashed double-dotted line in
Fig. 8 by obliquely viewing the liquid crystal display 50
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from above. This oblique illumination light 2c is an illumi-
nation light being obliquely transmitted through the dis-
play liquid crystal cell 30 in a state that the AC power
supply 36 applies a voltage to the transparent electrodes
35a and 35b. Here, when the oblique illumination light
2c irradiated from the backlight 2 as shown in Fig. 8 trav-
els obliquely upward through the compensation liquid
crystal cell 10, retardation occurs in the light transmitted
in the minor axis direction of the liquid crystal molecules
inside the liquid crystal layer 20 or in an oblique direction
due to the birefringentinfluence. Thatis, as shown in Fig.
5B, each liquid crystal molecules 21 to 26 has an intrinsic
tiltangle inthe leftward, rightward, upward and downward
directions, and the oblique illumination light 2c exits the
compensation liquid crystal cell 10 with the polarizing di-
rection as the direction of the arrow 26a, in a state that
retardation has occurred due to the birefringentinfluence
exerted by transmission through the compensation liquid
crystal cell 10.

[0087] Then, exiting the compensation liquid crystal
cell 10, the oblique illumination light 2c travels inside the
display liquid crystal cell 30 with the direction of the arrow
41 a as the polarizing direction. At the time, the liquid
crystal molecules inside the liquid crystal layer 40 are in
a state shown in the aforementioned Fig. 6A due to volt-
age application. Then, the liquid crystal molecules 21 and
46, the liquid crystal molecules 22 and 45, the liquid crys-
tal molecules 25 and 42, and the liquid crystal molecules
26 and 41 are in such a position relation as compensates,
i.e. cancels out, the retardation, respectively. As shown
in Figs. 4A and 4B, each pair of the liquid crystal mole-
cules in the above mutually compensational position re-
lation is opposite to each other (i.e. 180-degree turned
directions) in director and, as shown in Figs. 5A and 5B,
the tilt directions are reversed while the tilt angles are
almost the same in the leftward, rightward, upward and
downward directions. Thereby, when the oblique illumi-
nation light 2¢ travels through the liquid crystal molecule
46, forexample, itis bestowed with retardation complete-
ly opposite to that occurring in the liquid crystal molecule
21, and thereby the retardation occurring in the liquid
crystal molecule 21 is cancelled out. In the same manner
with respect to the other pairs of the liquid crystal mole-
cules in the compensational position relation, the oblique
illumination light 2c acts such that the retardation occur-
ring inside the compensation liquid crystal cell 10 is can-
celled out by the retardation occurring inside the display
liquid crystal cell 30.

[0088] Then, the oblique illumination light 2c travels
inside the display liquid crystal cell 30 along the major
axis direction of the liquid crystal molecules without being
affected by the birefringent property of the liquid crystal
molecules. At the time, since the retardation occurring in
the liquid crystal molecules in the vicinity of the alignment
layers 32a and 32b is cancelled out by the retardation
occurring in the compensation liquid crystal cell 10, the
oblique illumination light 2¢ reaches the upper polarizer
4 without changing the polarizing direction. Therefore,
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the oblique illumination light 2c reaching the upper po-
larizer 4 does not have retardation, and the polarizing
direction is shown by the arrow 41a, which is parallel to
the transmission axis direction 4a of the upper polarizer
4. As a result, the oblique illumination light 2c is trans-
mitted through the upper polarizer 4. Thereby, even if the
liquid crystal display 50 is viewed obliquely from above,
the display is still bright. Further, because the oblique
illumination light 2¢ transmitted through the upper polar-
izer 4 does not have retardation as described above, the
color does not shiftin comparison with the case of viewing
the illumination light 2b. Hence, regardless of the direc-
tion of viewing the liquid crystal display 50, it is possible
to view a display without the occurrence of color shift.
[0089] Here, to make a brief summary with respect to
the advantages of the liquid crystal display 50 in accord-
ance with the present invention, first, liquid crystals are
aligned in such a manner as to cancel out the mutual
retardations for the oblique illumination light 2¢ obliquely
travelling, as described hereinbefore, through a pair of
liquid crystal molecules at positions corresponding to the
upper liquid crystal layer 40 and the lower liquid crystal
layer 20, respectively. Here, because they are aligned to
pay special attention to the director and tilt angle (pre-tilt
angle) of the liquid crystal molecules, in the liquid crystal
layer 40, the oblique illumination light 2c is bestowed with
retardation completely opposite to that occurring inside
the liquid crystal layer 20, and thereby configured to can-
cel out the retardation occurring inside the liquid crystal
layer 20. Thereby, the outgoing illumination light 2c from
the liquid crystal display 50 does not have retardation,
and thus it is possible to display without color shift in
comparison with the illumination light 2b travelling
straightforwardly. In other words, it is possible to widen
the viewing angle of the liquid crystal display 50.

[0090] Second, even if effect of temperature change
occurs in both liquid crystal layers -- the liquid crystal
layer 40 and the liquid crystal layer 20 (both liquid crystal
molecules), the twist pitches of the liquid crystal mole-
cules can still be maintained at almost the same by add-
ing a chiral material for maintaining the twist pitches of
the both liquid crystal molecules at almost the same.
Thereby, even if effect of temperature change occurs in
the both liquid crystal layers, it is still possible to maintain
such an alignment of the liquid crystal molecules as to
cancel out the aforementioned mutual retardations for
the oblique illumination light 2c travelling obliquely. For
example, when the liquid crystal display 50 is disposed
in a small space easy to give rise to effect of temperature
change, it is possible for the liquid crystal display 50 to
deter color shift and maintain a wide viewing angle.
[0091] In the above working example, the illumination
light generated in the backlight 2 is configured to first
enter the compensation liquid crystal cell 10, successive-
ly exit the compensation liquid crystal cell 10, and then
enter the display liquid crystal cell 30. However, this se-
quence may be reversed such that the illumination light
is configured to first enter the display liquid crystal cell
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30, successively exit the display liquid crystal cell 30, and
then enter the compensation liquid crystal cell 10.
[0092] Inthe above working example, the liquid crystal
molecules of the liquid crystal layer 20 constitute the com-
pensation liquid crystal cell 10 and, in the frontward, back-
ward, leftward and rightward directions, the directors turn
90 degrees clockwise. On the other hand, the liquid crys-
tal molecules of the liquid crystal layer 40 constitute the
display liquid crystal cell 30 and, in the frontward, back-
ward, leftward and rightward directions, the directors turn
90 degrees counterclockwise. Here, these twist direc-
tions (turn directions) are not limited to the above direc-
tions, but may also be configured to turn the directors of
the liquid crystal molecules of the liquid crystal layer 20
by 90 degrees counterclockwise, and turn the directors
of the liquid crystal molecules of the liquid crystal layer
40 by 90 degrees clockwise.

[0093] Inthe above working example, the transparent
electrodes are incorporated into the display liquid crystal
cell 30 alone. However, they are not limited to this con-
figuration, but may also be incorporated into both the
display liquid crystal cell 30 and the compensation liquid
crystal cell 10, for example, and thereby it becomes pos-
sible to display information twice as much as that of the
above working example.

[0094] Inthe above working example, the display is of
a bright and dark type (in black and white). However, it
is possible to carry out color display by inserting and dis-
posing a color filter between the alignment layers 32a
and 32b of the display liquid crystal cell 30 and each
transparent electrode, respectively.

[0095] In the above working example, the alignment
layers 32a, 32b, 12a and 12b are incorporated into the
display liquid crystal cell 30 and the compensation liquid
crystal cell 10, and the liquid crystal molecules are con-
figured to have pre-tiltangles (2 to 10 degrees). However,
they are not limited to this configuration, and the liquid
crystal molecules can be configured, for example, not to
have pre-tilt angles (pre-tilt angle is zero degree).
[0096] Atpresent, display methods are generally in the
form of segment display, dot matrix display, and the like.
Here, because the liquid crystal display 50 in accordance
with the present invention is configured by utilizing seg-
ment display, it is possible to conspicuously acquire the
effect of the present invention to realize a wide viewing
angle with little color shift.

[0097] Inthe above working example, a retardation film
may be bonded onto one surface of the upper polarizer
4 and one surface of the lower polarizer 3, or one surface
of either the upper polarizer 4 or the lower polarizer 3.

Claims

1. Aliquid crystal display comprising:

an upside liquid crystal cell composed of upside
substrates disposed parallel to each other, a pair
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of plate-shaped transparent upside electrodes
disposed parallel to the upside substrates be-
tween the upside substrates, and an upside lig-
uid crystal layer sealed in a layered form be-
tween the pair of upside electrodes; and
adownside liquid crystal cell composed of down-
side substrates disposed parallel to each other,
a pair of plate-shaped transparent downside
electrodes disposed parallel to the downside
substrates between the downside substrates,
and a downside liquid crystal layer sealed in a
layered form between the pair of downside elec-
trodes, and disposed on the lower surface of the
upside liquid crystal cell to join therewith;
wherein upside liquid crystal molecules consti-
tuting the upside liquid crystal layer are posi-
tioned to twist in a first twist direction along a
helical axis parallel to the normal of the upside
substrates, while downside liquid crystal mole-
cules constituting the downside liquid crystal
layer are positioned to twist in a second twist
direction along a helical axis parallel to the nor-
mal of the downside substrates;

wherein one electrode pair of the pair of upside
electrodes and the pair of downside electrodes
has a plurality of pattern electrodes forming a
desired pattern among the total electrodes form-
ing an entire display area;

wherein the other electrode pair of the pair of
upside electrodes and the pair of downside elec-
trodes sandwiches at least a portion of the up-
side liquid crystal molecules or at least a portion
of the downside liquid crystal molecules;
wherein with respect to the entire display area
displayed by bright display or dark display, each
of the plurality of pattern electrodes is under volt-
age application control so as to display the de-
sired pattern by bright and dark display opposite
to the entire display area; and

wherein a voltage is applied to the other elec-
trode pair so as to change the director of at least
a portion of the upside liquid crystal molecules
or the director of at least a portion of the down-
side liquid crystal molecules to a direction par-
allel to the normal of the upside substrates or to
adirection parallel to the normal of the downside
substrates, thereby reversing the bright and
dark displays of at least a portion of the entire
display area and at least a portion of the desired
pattern.

The liquid crystal display according to Claim 1,
wherein the first twist direction is opposite to the sec-
ond twist direction; and the twisted angle of the up-
side liquid crystal molecules relative to the first twist
direction and the twisted angle of the downside liquid
crystal molecules relative to the second twist direc-
tion are equal to or above 90 degrees and below 180
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degrees.

The liquid crystal display according to Claim 1 or 2,
wherein the director of the upside liquid crystal mol-
ecules positioned in the lower-end vicinity of the up-
side liquid crystal layer is 90-degree different from
or 180-degree opposite to that of the downside liquid
crystal molecules positioned in the upper-end vicinity
of the downside liquid crystal layer.

The liquid crystal display according to any one of
Claims 1 to 3, wherein the pre-tilt angle of the upside
liquid crystal molecules positioned in the upper-end
vicinity of the upside liquid crystal layer is in opposite
direction to and has almost the same degree as that
of the downside liquid crystal molecules positioned
in the lower-end vicinity of the downside liquid crystal
layer; and the pre-tilt angle of the upside liquid crystal
molecules positioned in the lower-end vicinity of the
upside liquid crystal layer is in opposite direction to
and has almost the same degree as that of the down-
side liquid crystal molecules positioned in the upper-
end vicinity of the downside liquid crystal layer.

The liquid crystal display according to any one of
Claims 1 to 4, wherein the pair of upside electrodes
and the pair of downside electrodes are configured
by utilizing transparent electrodes such as those of
ITO and the like.

A liquid crystal display comprising:

an upside liquid crystal cell composed of a pair
of transparent upside substrates disposed par-
allel to each other, and an upside liquid crystal
layer sealed in a layered form between the pair
of upside substrates;

adownside liquid crystal cell composed of a pair
of transparent downside substrates disposed
parallel to each other, and a downside liquid
crystal layer sealed in a layered form between
the pair of downside substrates, and disposed
on the lower surface of the upside liquid crystal
cell to join therewith;

an upside polarizer allowing linearly polarized
light of a predetermined transmission axis direc-
tion to be transmitted therethrough, and dis-
posed on the upper surface of the upside liquid
crystal cell to join therewith; and

a downside polarizer allowing linearly polarized
light of a predetermined transmission axis direc-
tion to be transmitted therethrough, and dis-
posed on the lower surface of the downside lig-
uid crystal cell to join therewith,

wherein upside liquid crystal molecules consti-
tuting the upside liquid crystal layer are posi-
tioned to twist in a first twist direction along a
helical axis parallel to the normal of the upside
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substrates, while downside liquid crystal mole-
cules constituting the downside liquid crystal
layer are positioned to twist in a second twist
direction along a helical axis parallel to the nor-
mal of the downside substrates, and the first
twist direction is opposite to the second twist di-
rection;

wherein the pre-tilt angle of the upside liquid
crystal molecules positioned in the upper-end
vicinity of the upside liquid crystal layer is in op-
posite direction to and has almost the same de-
gree as that of the downside liquid crystal mol-
ecules positioned in the lower-end vicinity of the
downside liquid crystal layer, while the pre-tilt
angle of the upside liquid crystal molecules po-
sitioned in the lower-end vicinity of the upside
liquid crystal layer is in opposite direction to and
has almost the same degree as that of the down-
side liquid crystal molecules positioned in the
upper-end vicinity of the downside liquid crystal
layer; and

wherein the director of the upside liquid crystal
molecules positioned in the lower-end vicinity of
the upside liquid crystal layer is 180-degree op-
posite to that of the downside liquid crystal mol-
ecules positioned in the upper-end vicinity of the
downside liquid crystal layer.

The liquid crystal display according to Claim 6,
wherein the twisted angle of the upside liquid crystal
molecules relative to the first twist direction and the
twisted angle of the downside liquid crystal mole-
cules relative to the second twist direction are equal
to or above 90 degrees and below 180 degrees.

The liquid crystal display according to Claim 6 or 7,
wherein the upside liquid crystal molecules and the
downside liquid crystal molecules are derived from
twisted nematic liquid crystal having an identical bi-
refringent property.

The liquid crystal display according to any one of
Claims 6 to 8, wherein at least one almost parallel
to the other between the predetermined transmis-
sion axis direction of the upside polarizer and the
director of the upside liquid crystal molecules posi-
tioned in the upper-end vicinity of the upside liquid
crystal layer, and between the predetermined trans-
mission axis direction of the downside polarizer and
the director of the downside liquid crystal molecules
positioned in the lower-end vicinity of the downside
liquid crystal layer.
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