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7) ABSTRACT

Aliquid crystal display apparatus which has: a liquid crystal
display which has chiral nematic liquid crystal between a
pair of substrates with electrodes thereon and which makes
a display by use of selective reflection of the liquid crystal;
and a driving circuit for driving the liquid crystal by apply-
ing voltages to the electrodes. When an electric field of a
specified strength is applied to the chiral nematic liquid
crystal, the liquid crystal changes the direction of the helical

(86) PCT No.: PCT/JP02/01780 axis without untwisting. By using this characteristic, the
direction of the helical axis of the liquid crystal is changed
(30) Foreign Application Priority Data by changing the direction of the electric field applied thereto,
and thereby, the liquid crystal is set to a planar state or a
Mar. 30, 2001 (JP) ccocorveenrecc e 2001-102430 focal-conic state. In this way, writing on the liquid crystal is
Nov. 13, 2001 (JP) coovveerrercerererenns 2001-347800  carried out.
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LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display, and more particularly to a liquid crystal display
which has liquid crystal which exhibits a cholesteric phase
between a pair of substrates and which makes a display by
using selective reflection of the liquid crystal.

BACKGROUND OF THE INVENTION

[0002] In recent years, various kinds of liquid crystal
displays have been developed and supplied. In these kinds,
reflection type liquid crystal displays make a display by
reflecting light in the circumference (external light). There-
fore, reflection type liquid crystal displays consume less
electric power to make a display compared with transmitting
type liquid crystal displays, and because of this advantage,
liquid crystal displays of this type are used as displays of
mobile equipment such as mobile telephones. Further, stud-
ies and developments of displays which consume less elec-
tric power have been done, and reflective type liquid crystal
displays with a memory effect have been suggested.

[0003] In page 897 of SID International Symposium
Digest of Technical Paper Vol. 29, the operation mode of a
reflective type liquid crystal display with a memory effect is
disclosed. In this operation mode, the alignment state of
chiral nematic liquid crystal is switched between a planar
state (selective reflection state) and a focal-conic state
(transmitting state), and thereby, the liquid crystal display
makes a display. The planar state and the focal-conic state
are stable, and once the liquid crystal is set in either of the
state, the liquid crystal keeps in the state permanently as
long as no external force is applied. In other words, once an
image is written on the liquid crystal display, the image
keeps being displayed even after the power source is turned
off. Thus, this liquid crystal display can be used as a
reflective type liquid crystal display with a memory effect.

[0004] The reflective type liquid crystal display disclosed
in the reference above is of a structure wherein chiral
nematic liquid crystal is filled between a pair of substrates
with respective electrodes thereon. Because of the elec-
trodes, an electric field acts in a vertical direction to the
substrates, and by controlling the strength and/or the appli-
cation time of the electric field, the liquid crystal is set to a
specified state (a planar state or a focal-conic state).

[0005] When a voltage which is higher than a threshold
voltage to untwist the liquid crystal is applied to the liquid
crystal for a sufficiently long time, the liquid crystal entirely
comes to a homeotropic state (wherein the longer axes of
liquid crystal molecules are perpendicular to the substrates).
This state is not stable, and when the electric field is turned
off thereafter, the liquid crystal is twisted. When the electric
field is erased suddenly from the homeotropic state, the
liquid crystal comes to a planar state. When the electric field
is erased gradually, the liquid crystal comes to a focal-conic
state.

[0006] When a pulse voltage which is higher than the
threshold voltage to untwist the liquid crystal (a pulse
voltage with such a width as to cause part of the liquid
crystal to come to a homeotropic state) is applied to the
liquid crystal in a focal-conic state, the liquid crystal comes
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to a homeotropic state and thereafter comes to a planar state
on completion of the pulse voltage application. By control-
ling the width and the height of the pulse voltage, the rate of
the liquid crystal which comes to a planar state can be
controlled, and thereby, display of intermediate colors is
possible.

[0007] The liquid crystal display which uses chiral nem-
atic liquid crystal, however, has the disadvantage of requir-
ing a high voltage to write an image thereon. Specifically,
when a new image is to be written on the liquid crystal which
is already set in a focal-conic state or in a planar state, that
is, on the liquid crystal on which an image is already written,
the liquid crystal must be untwisted and set in a homeotropic
state once, which requires a high driving voltage. In a
homeotropic state, visible light is absorbed in a light absorb-
ing layer which is provided on the back side of the liquid
crystal display, and the entire screen becomes dark momen-
tarily and is difficult to see.

[0008] An object of the present invention is to provide a
liquid crystal display which is driven by a low voltage and
which has a screen which is not difficult to see during
writing of an image thereon.

SUMMARY OF THE INVENTION

[0009] In order to attain the object, a liquid crystal display
apparatus according to the first invention comprises: a liquid
crystal display which has liquid crystal exhibiting a choles-
teric phase between a pair of substrates and which makes a
display by use of selective reflection of the liquid crystal;
and a driver for driving the liquid crystal display, and in this
display apparatus, the liquid crystal is capable of staying in
a focal-conic state or a planar state while no voltages are
applied- thereto, and the driver changes the direction of the
helical axis of the liquid crystal without completely untwist-
ing the liquid crystal exhibiting a cholesteric phase. This
driver changes the direction of the helical axis of the liquid
crystal preferably by changing the direction of the electric
field to apply to the liquid crystal.

[0010] A liquid crystal display apparatus according to the
second invention comprises: a liquid crystal display which
has liquid crystal exhibiting a cholesteric phase between a
pair of substrates and which makes a display by use of
selective reflection of the liquid crystal; and a driver for
driving the liquid crystal display by applying an electric field
to the liquid crystal, and in this display apparatus, the driver
is capable of changing the direction of the electric field to
apply to the liquid crystal. Preferably, this driver changes the
direction of the helical axis of the liquid crystal without
completely untwisting the liquid crystal exhibiting a cho-
lesteric phase.

[0011] When liquid crystal exhibiting a cholesteric phase
is supplied with a voltage which is lower than a threshold
voltage to untwist the liquid crystal, if the liquid crystal has
positive anisotropy of dielectric constant, the helical axis of
the liquid crystal comes in perpendicular to the direction of
the electric field. In this way, it is possible to set the helical
axis of the liquid crystal in substantially vertical or in
substantially parallel to the substrates without untwisting the
liquid crystal. In other words, it is possible to set the liquid
crystal in a focal-conic state or in a planar state directly
without resetting the liquid crystal to a homeotropic state.
The voltage which is necessary to set the liquid crystal in a
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focal-conic state or in a planar state directly is lower than the
threshold voltage to untwist the liquid crystal (to reset the
liquid crystal to a homeotropic state), and the driving voltage
is low compared with conventional liquid crystal displays.
Also, because the liquid crystal does not come to a homeo-
tropic state, there is no trouble that the entire screen is
momentarily dark during writing on the display.

[0012] As external force to change the direction of the
helical axis of the liquid crystal, magnetic field, temperature
and pressure are usable as well as electric field.

[0013] In the liquid crystal display apparatuses according
to the first invention and the second invention, each of the
substrates may be provided with an electrode. At least one
of the substrates may be provided with a plurality of
electrodes to cause an electric field in a parallel direction to
the substrate. The driver changes the direction of the helical
axis of the liquid crystal preferably to a vertical direction and
a parallel direction to the substrates.

[0014] By changing the direction of the electric field
which is caused by the electrodes to occur between the
substrates, the direction of the helical axis of the liquid
crystal exhibiting a cholesteric phase which is filled between
the substrates is changed, and thereby, desired writing can be
carried out on the liquid crystal. Specifically, by setting the
helical axis of the liquid crystal in a vertical direction or in
a parallel direction to the substrates, the liquid crystal can be
set in a planar state or in a focal-conic state directly without
getting through a homeotropic state.

[0015] In the liquid crystal display apparatuses according
to the first invention and the second invention, the liquid
crystal display may comprise a plurality of pixels. In this
case, the driver sets the helical axis of the liquid crystal in
each pixel in an area subjected to writing to a specified
direction in accordance with image data without resetting
the liquid crystal. Alternatively, the driver first resets all the
pixels in an area subjected to writing so that the helical axis
is set to a first direction in the entire area and thereafter sets
specified pixels in accordance with image data so that the
helical axis in the specified pixels is set to a second direction.

[0016] If the liquid crystal has positive anisotropy of
dielectric constant, in the latter case, it is preferred that the
driver resets the liquid crystal to a focal-conic state as the
first direction. On the other hand, if the liquid crystal has
negative anisotropy of dielectric constant, it is preferred that
the driver resets the liquid crystal to a planar state.

[0017] A liquid crystal display apparatus according to the
third invention comprises: a liquid crystal display which has
liquid crystal exhibiting a cholesteric phase between a pair
of substrates with electrodes thereon and which makes a
display by use of selective reflection of the liquid crystal; a
voltage applying section for applying voltages to electrodes
provided on the substrates. In this display apparatus, at least
one of the substrates is provided with a first electrode group
composed of a plurality of electrodes and a second electrode
group composed of a plurality of electrodes which are
located on a different level from the first electrode group,
and the voltage applying section is capable of applying
voltages to the first electrode group, the second electrode
group and a third electrode which is provided on the other
substrate independently of each other.

[0018] In the liquid crystal display apparatus according to
the third invention, because of the first and second electrode
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groups provided on one of the substrates and the third
electrode provided on the other substrate and because of the
voltage applying section which is capable of applying volt-
ages to the three groups of electrodes independently of each
other, the direction of the helical axis of the liquid crystal
can be changed, and thereby, writing is carried out.

[0019] In the liquid crystal display apparatus according to
the third invention, at least one of the first electrode group
and the second electrode group may comprise a plurality of
units of electrodes, each unit of electrodes being supplied
with a voltage simultancously. Also, the substrate which is
other than the substrate provided with the first and second
electrode groups may be provided with one kind of elec-
trodes.

[0020] Also, it is preferred that an insulating layer is
provided between the first electrode group and the second
electrode group. The width of the electrodes in the first
electrode group and the width of the electrodes in the second
electrode group may be different from each other. At least
one of the first electrode group and the second electrode
group may be an interdigital transducer, and alternatively, in
at least one of the first electrode group and the second
electrode group, electrode wires may be bridged among the
¢lectrodes.

[0021] The width of the electrodes in at least one of the
first electrode group and the second electrode group is
preferably smaller than a dimension of a pixel. Scanning
electrodes may be included in at least one of the first
electrode group and the second electrode group. Also, the
first electrode group and the second electrode group are
provided on each of the substrates in such a way that the first
electrode group and the second electrode group on one of the
substrates are symmetrical with the first electrode group and
the second electrode group on the other substrate. The
electrodes provided on the substrates may be to carry out
simple matrix driving.

[0022] Further, the electrodes in the first electrode group
or the second electrode group which is located farther from
the liquid crystal have a larger width than the electrodes in
the other electrode group which is located closer to the liquid
crystal, and the voltage applying section may apply a voltage
V1 to the electrode group which is closer to the liquid
crystal, a voltage V2 to the electrode group which is farther
from the liquid crystal and a voltage V3 to the third electrode
provided on the other substrate in such a way that V1-V2 and
V1-V3 have a same polarity. In this case, preferably V2=V3.
The electrodes in the first electrode group or the second
electrode group which is located farther from the liquid
crystal have a larger width than the electrodes in the other
electrode group which is located closer to the liquid crystal,
and the voltage applying section may apply a voltage V1 to
the electrode group which is closer to the liquid crystal, a
voltage V2 to the electrode group which is farther from the
liquid crystal and a voltage V3 to the third electrode pro-
vided on the other substrate in such a way that V1=V3.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] This and other objects and features of the present
invention will be apparent from the following description
with reference to the accompanying drawings:

[0024]

crystal;

FIG. 1 is an illustration of chiral nematic liquid
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[0025] FIGS.2(A) and 2(B) are sectional views of a liquid
crystal display which is a first embodiment of the present
invention, FIG. 2(A) showing a planar state and FIG. 2(B)
showing a focal-conic state;

[0026] FIGS. 3(A), 3(B) and 3(C) are sectional views of
the liquid crystal display of the first embodiment, showing
exemplary ways of applying voltages,

[0027] FIG. 4 is a perspective view of the liquid crystal
display, showing a first exemplary electrode structure in the
first embodiment;

[0028] FIG. 5 is a perspective view of the liquid crystal
display, showing a second exemplary electrode structure in
the first embodiment;

[0029] FIGS. 6(A) and 6(B) are plan views of electrodes
with bridges;
[0030] FIGS. 7(A) and 7(13) are sectional views of a

liquid crystal display which is a second embodiment of the
present invention, FIG. 7(A) showing a planar state and
FIG. 7(B) showing a focal-conic state;

[0031] FIG. 8 is a perspective view of the liquid crystal
display, showing an exemplary electrode structure in the
second embodiment;

[0032]

[0033] FIGS. 10(A) and 10(B) are sectional views of a
liquid crystal display which is a third embodiment of the
present invention, FIG. 10(A) showing a planar state and
FIG. 10(B) showing a focal-conic state;

[0034] FIG. 11 is a perspective view of the liquid crystal
display of the third embodiment showing an exemplary
electrode structure; and

[0035] FIGS. 12(A) and 12(B) are plan views of interdigi-
tal transducers.

FIG. 9 is a plan view of an interdigital transducer;

BEST MODE FOR CARRYING OUT THE
INVENTION

[0036] Embodiments of a liquid crystal display according
to the present invention will be described with reference to
the accompanying drawings.

[0037] (Description of the Principle; See FIG. 1)

[0038] A liquid crystal display according to the present
invention makes a display by changing the helical axis to be
at a specified angle to the substrates and preferably by
setting the helical axis to be vertical or parallel to the
substrates. First, the driving principle is described. As means
for changing the helical axis of liquid crystal, electric field,
magnetic field, temperature and pressure are possible; in the
following description, however, electric field which is easy
to control is used.

[0039] When chiral nematic liquid crystal with positive
anisotropy of dielectric constant is supplied with a voltage
which is higher than a threshold voltage to change the
direction of the helical axis of liquid crystal and which is
lower than a threshold voltage to untwist liquid crystal
molecules, the helical axis becomes vertical to the direction
of electric field.

[0040] By using this phenomenon, in a liquid crystal
display which has chiral nematic liquid crystal between a
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pair of substrates, when an electric field acts in a vertical
direction to the substrates, the helical axis of the liquid
crystal comes in parallel to the substrates (comes to a
focal-conic state). On the other hand, when an electric field
acts in a parallel direction to the substrates, the helical axis
comes in perpendicular to the substrates (comes to a planar
state).

[0041] Chiral nematic liquid erystal is typical of the kind
of liquid crystal which exhibits a cholesteric phase. Chiral
nematic liquid crystal can be obtained by adding a specified
amount of chiral agent to nematic liquid crystal. As FIG. 1
shows, chiral nematic liquid crystal generally has a structure
wherein stick-like liquid crystal molecules are twisted and
therefore exhibits a cholesteric phase. When light is incident
to this liquid crystal from a parallel direction to the helical
axis, the liquid crystal selectively reflects light of a wave-
length h.=np (planar state). Here, % is a wavelength, n is an
average refractive index of the liquid crystal molecules, and
p is a distance between liquid crystal molecules which are
located at an angle of 360 degrees to each other. On the other
hand, when light is incident to the liquid crystal from a
perpendicular direction to the helical axis, the liquid crystal
transmits the light without reflecting it (focal-conic state).
By using the selective reflection and the transmission, writ-
ing is carried out on the liquid crystal.

[0042] Each of the liquid crystal molecules is in the shape
of a stick and is anisotropic. More specifically, each of the
liquid crystal molecules has different dielectric constants in
its longer direction (longer axis) and in the orthogonal
direction to the longer direction (shorter axis) respectively.
When the molecules of liquid crystal have a larger dielectric
constant in the direction of their longer axes than in the
direction of their shorter axes, the liquid crystal is referred
to as liquid crystal with positive anisotropy of dielectric
constant. When a sufficiently high voltage is applied to such
liquid crystal with positive anisotropy of dielectric constant,
the liquid crystal is untwisted, and the liquid crystal mol-
ecules move in such a way that their longer axes (the axes
with a larger dielectric constant) come in parallel to the
direction of clectric field. There is a threshold value of the
voltage to untwist the liquid crystal, and the threshold
voltage is denoted by Vh.

[0043] When a voltage which is lower than the threshold
voltage Vh is applied to the liquid crystal, the liquid crystal
is not untwisted, and the liquid crystal molecules move in
such a way that the helical axis comes in perpendicular to the
direction of electric field. There is also a threshold value of
the voltage to move the helical axis, and the threshold
voltage is denoted by Vf.

[0044] The threshold voltage Vfis smaller than the thresh-
old voltage Vh. Even when a voltage which is lower than the
threshold voltage Vf is applied to the liquid crystal, the
liquid crystal molecules do not move, and the helical axis
does not change.

[0045] When the molecules of liquid crystal have a larger
dielectric constant in the direction of their shorter axes than
in the direction of their longer axes, the liquid crystal is
referred to as liquid crystal with negative anisotropy of
dielectric constant. When a sufficiently high voltage is
applied to such liquid crystal with negative anisotropy of
dielectric constant, the liquid crystal is not untwisted, and
the helical axis comes in an random direction regardless of
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the direction of electric field. This phenomenon is referred to
as dynamic scattering. There is a threshold value of the
voltage to cause this phenomenon, and this threshold voltage
is denoted by Vd.

[0046] When a voltage which is lower than the threshold
voltage Vd is applied to the liquid crystal, the liquid crystal
is not untwisted, and the helical axis comes in parallel to the
direction of electric field. There is also a threshold value of
the voltage to cause the helical axis to come in parallel to the
direction of electric field, and this threshold voltage is
denoted by Vp.

[0047] The threshold voltage Vp is smaller than the
threshold voltage Vd. Even when a voltage which is lower
than the threshold voltage Vp is applied to the liquid crystal,
the liquid crystal molecules do not move, and the helical axis
does not change.

[0048] (First Embodiment; See FIG. 2)

[0049] FIGS. 2(A) and 2(B) show a liquid crystal display
1 which is a first embodiment of the present invention. On
a lower substrate 11, electrodes 124, an insulating layer 13,
electrodes 12b and an alignment controlling layer 14 are
provided. On an upper substrate 21, an electrode 22 and an
alignment controlling layer 24 are provided. Between the
substrates 11 and 21, chiral nematic liquid crystal which was
prepared by adding a chiral agent to nematic liquid crystal
S0 as to cause the liquid crystal to exhibit a cholesteric phase
at room temperature is filled. In FIGS. 2(A) and 2(B), a part
of one pixel is shown schematically.

[0050] As the liquid crystal, various kinds are usable as
long as it exhibits a cholesteric phase at room temperature.
The anisotropy of dielectric constant of the liquid crystal
may be positive or may be negative.

[0051] For the substrates 11 and 21, various kinds of
materials are usable. Glass and plastic films of polyether
sulfone (PES), polyethylene terephthalate (PET), polycar-
bonate (PC), ete. can be used. A light and thin material is
preferred. For the electrodes 12a, 12b and 22, transparent
electrode materials such as [TO,IZO, ete. are usable. For the
electrodes 12a and 12b on the lower substrate 11, opaque
materials such as Al, Cu, etc. may be used.

[0052] In FIGS.2(A) and 2(B), the electrodes 22 and 124
extends right and left, and the electrodes 12b extends from
the front to the rear. The insulating layer 13 is provided
between the electrodes 12a and 12b. The alignment control-
ling layers 14 and 24 are provided to cover the electrodes
12b and 22 respectively. For the insulating layer 13 and the
alignment controlling layers 14 and 24, known materials can
be used.

[0053] Further, in order to keep an even gap between the
substrates 11 and 21, if necessary, spacer particles and/or
resin columns or walls are provided between the substrates
11 and 21. Also, on the backside of the lower substrate 11,
a light absorbing layer which absorbs visible light is pro-
vided. Alternatively, the lower substrate 11 itself may have
a light absorbing characteristic.

[0054] Tt is preferred that a sealant is provided around the
substrates 11 and 21 to seal the liquid crystal in the sub-
strates 11 and 21. It is not necessary to carry out a rubbing
treatment toward the alignment controlling layers 14 and 24
in principle. However, the alignment controlling layers 14
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and 24 may be subjected to a rubbing treatment of a low
rubbing density (for example, rubbing density of 10 or less),
or the alignment controlling layers 14 and 24 may be partly
subjected to a rubbing treatment, whereby the reflectance of
the liquid crystal in a planar state will be higher. The
alignment controlling layers 14 and 24 may be omitted.

[0055] 1In the liquid crystal display 1 of the above-de-
scribed structure, if the chiral nematic liquid crystal has
positive anisotropy of dielectric constant, when a voltage
difference which is lower than Vh and is not less than Vf is
caused between the electrodes 124 and 12b on the lower
substrate 11, as FIG. 2(A) shows, horizontal electric fields
D1 occur in a parallel direction to the substrates, and the
helical axis H of the liquid crystal comes in substantially
perpendicular to the substrates. In other words, the liquid
crystal comes to a planar state, and the liquid crystal
selectively reflects light of a specified wavelength.

[0056] When a voltage difference which is lower than Vh
and is not less than Vf is caused between the electrodes 12a
and 22, as FIG. 2(B) shows, vertical electric fields D2 occur
in a substantially vertical direction to the substrates. In other
words, the liquid crystal comes to a focal-conic state and
transmits light.

[0057] If the chiral nematic liquid crystal has negative
anisotropy of dielectric constant, when a voltage difference
which is lower than Vd and is not less than Vp is caused
between the electrodes 12a and 12b, the helical axis of the
liquid crystal comes in a parallel direction to the substrates,
and the liquid crystal comes to a focal-conic state. When a
voltage difference which is lower than Vd and is not less
than Vp between the electrodes 12a and 22, the helical axis
of the liquid crystal comes in a vertical direction to the
substrates, and the liquid crystal comes to a planar state.

[0058] (Examples of Voltage Application in the First
Embodiment; See FIG. 3)

[0059] Now, examples of applying voltages to the elec-
trodes 12a, 125 and 22 in the first embodiment are described
with reference to FIGS. 3(A), 3(B) and 3(C). FIGS. 3(A),
3(B) and 3(C) show ways of driving the liquid crystal by
causing horizontal electric fields D1 in a parallel direction to
the substrates shown in FIG. 2(A). The way shown by FIG.
3(A) is not always desirable. The ways shown by FIGS. 3(B)
and 3(C) are preferable.

[0060] In the case of FIG. 3(A), a voltage V1 (0V) is
applied to the electrodes 125, a voltage V2 (-50V) is applied
to the electrodes 124, and a voltage V3 (+50V) is applied to
the electrode 22. The polarity of V1-V2 is different from that
of V1-V3. In this case, horizontal electric fields D1 occur
between the electrodes 124 and 12b, and simultancously,
vertical electric fields D2' occur on the electrodes 12b in
relatively large areas. Thus, the liquid crystal do not operate
well in the parts on the electrodes 12b, and the contrast of
the display will be low.

[0061] In the case of FIG. 3(B), a voltage V1 (0V) is
applied to the electrodes 125, a voltage V2 (-50V) is applied
to the electrodes 124, and a voltage V3 (-50V) is applied to
the electrodes 22. The polarity of V1-V2 is the same as that
of V1-V3. In this case, horizontal electric fields D1 occur
between the electrodes 12a and 12b, and simultancously,
vertical electric fields D2' occur on the electrodes 12b.
However, the arcas where the vertical electric fields D2'
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occur are smaller than those in the case of FIG. 3(A), and
the areas on the electrodes 12b where the horizontal electric
fields D1 occur are large. Consequently, the liquid crystal on
the electrodes 12b is easy to operate, and the necessary
driving voltage is lower than that in the case of FIG. 3(A).
Also, the contrast of the display will be higher.

[0062] In the case of FIG. 3(C), a voltage V1 (0V) is
applied to the electrodes 125, a voltage V2 (-50V) is applied
to the electrodes 124, and a voltage V3 (0V) is applied to the
clectrodes 22. That is, V1=V3. In this case, horizontal
electric fields D1 occur between the electrodes 12a and 125,
and there are substantially no vertical electric fields on the
electrodes 12b. Consequently, the liquid crystal on the
electrodes 12b is easy to operate. Actually, there are areas on
the electrodes 12b where the horizontal electric fields D1 do
not act, but the liquid crystal on these areas also operates
easily because of interaction of the liquid crystal molecules.

[0063] In the cases of FIGS. 3(A), 3(B) and 3(C), the
voltages +50V and -50V are merely examples, and the
voltages V1, V2 and V3 may be of other values. In the case
of FIG. 3(B), the voltage V2 may be nearly equal to the
voltage V3, and in the case of FIG. 3(C), the voltage V1 may
be nearly equal to the voltage V3.

[0064] (Examples of Electrode Structure in the First
Embodiment; See FIGS. 4-6)

[0065] In the first embodiment, the electrode 22 formed on
the substrate 21 may be of a first exemplary structure shown
by FIG. 4 or of a second exemplary structure shown by FIG.
5. The driving mode depends on the structure.

[0066] The structures of the electrodes 12¢ and 12b on the
lower substrates 11 are the same in the first exemplary
structure and in the second exemplary structure. The elec-
trodes 12a have a width corresponding to a first length of a
side of one pixel. The electrodes 12b are perpendicular to the
electrodes 12a and are so narrow that the width of a plurality
of rows of electrodes 12b correspond to a second length of
another side of one pixel.

[0067] First, referring to FIG. 4, the first exemplary struc-
ture is described. The electrode 22 is formed on the substrate
21 flatly in such a way to cover all the pixels and is
connected to a scanning signal/reset signal driving circuit 27
via contact lines 25 and 26. To the scanning signal/reset
signal driving circuit 27, also the electrodes 12a are con-
nected. The electrodes 12b are connected to a data signal
driving circuit 29. In this structure, different voltages can be
applied to the electrodes 22, 12b and 12« independently of
each other.

[0068] When an image is written on the liquid crystal
display, if the chiral nematic liquid crystal has positive
anisotropy of dielectric constant, first, a voltage difference
which is lower than Vh and is not less than Vf is caused
between the electrodes 124 and the electrode 22. Thereby,
the helical axis of the liquid crystal comes in a parallel
direction to the substrates, and the entire liquid crystal in all
the pixels is reset to a focal-conic state.

[0069] Next, a voltage difference which is lower than Vh
and which is not less than Vf is caused between the
electrodes 124 and 12b in each of the pixels which are
desired to come to a selective reflection state. Thereby, in
these pixels, the helical axis of the liquid crystal comes in a

Jul. 10, 2003

substantially vertical direction to the substrates, and the
liquid crystal comes to a planar state. This drive for writing
is based on a simple matrix method, and specifically, while
the electrodes 124 are selected line by line, pulse signals are
sent to the electrodes 125 in accordance with image data.

[0070] If the chiral nematic liquid crystal has negative
anisotropy of dielectric constant, first, a voltage difference
which is lower than Vd and is not less than Vp is caused
between the electrodes 124 and the electrode 22. Thereby,
the entire liquid crystal in all the pixels is reset to a planar
state. Thereafter, while the electrodes 124 are selected line
by line, a voltage difference which is lower than Vd and is
not less than Vp is caused between the electrodes 124 and
12b in each of the pixels which are desired to come to a
transmitting state. Thereby, the liquid crystal in the specified
pixels is set to a focal-conic state.

[0071] Next, referring to FIG. 5, the second exemplary
structure is described. A plurality of electrodes 22 are
provided on the upper substrate 24. Each of the electrodes 22
has a width corresponding to the second length of a pixel and
extends in a perpendicular direction to the electrodes 12a.
The electrodes 22 are connected to the data signal driving
circuit 29. The electrodes 124 and 12b are the same as in the
first exemplary structure. The electrodes 124 are connected
to the scanning signal driving circuit 28, and the electrodes
12b are connected to the data signal driving circuit 29.

[0072] When an image is written on the liquid crystal
display, a separate driving method is adopted. Specifically,
while the electrodes 124 are selected line by line, a voltage
difference is caused between the selected electrode 12a and
the electrodes 22 or between the selected electrode 12a and
the electrodes 12b in accordance with image data so as to set
the helical axis of the liquid crystal in each pixel to a
specified direction. When a specified voltage difference is
caused between the selected electrode 124 and the electrodes
22, if the chiral nematic liquid crystal has positive anisot-
ropy of dielectric constant, the liquid crystal comes to a
focal-conic state, and if the chiral nematic liquid crystal has
negative anisotropy of dielectric constant, the liquid crystal
comes to a planar state.

[0073] When a voltage difference is caused between the
selected electrode 12a and the electrodes 125, if the chiral
nematic liquid crystal has positive anisotropy of dielectric
constant, the liquid crystal comes to a planar state, and if the
chiral nematic liquid crystal has negative anisotropy of
dielectric constant, the liquid crystal comes to a focal-conic
state. Thus, in writing an image on the liquid crystal display,
the helical axis of the liquid crystal in each pixel is directly
set to a specified direction in accordance with image data
without being reset.

[0074] Further, in the second exemplary structure, an
entire reset method can be also adopted as is adopted in the
first exemplary structure. Also, a separate reset method can
be adopted. Specifically, the electrodes 12¢ in an area are
reset line by line or simultaneously, and then the helical axis
of the liquid crystal in each pixel in the area is set to a
desired direction.

[0075] Further, in simple matrix driving, even the pixels
on non-selected electrodes 12a are supplied with a voltage
(crosstalk voltage) from a driving circuit. If the crosstalk
voltage is lower than the threshold voltages VI and Vp, the
crosstalk voltage never influences the liquid crystal.
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[0076] The electrodes 12b are very narrow and easily
crack. As FIGS. 6(A) and 6(B) show, electrode wires 125’
are bridged among the electrodes 125 to avoid disconnection
due to cracks of the electrodes 12b.

[0077] (Second Embodiment; See FIGS. 7-9)

[0078] FIGS. 7(A) and 7(13) show a liquid crystal display
2 which is a second embodiment of the present invention. In
the liquid crystal display 2, on a lower substrate 11, elec-
trodes 124, an insulating layer 13, electrodes 12b and an
alignment controlling layer 14 are provided. On an upper
substrate 21, electrodes 22 and an alignment controlling
layer 24 are provided. Between the substrates 11 and 21,
chiral nematic liquid crystal is filled. In FIGS. 7(A) and
7(B), a part of one pixel is shown schematically.

[0079] The electrodes 12a and 12b are interdegital trans-
ducers, and the fingers of each interdigital transducers are so
narrow that there are a plurality of fingers in one pixel. The
fingers of the interdigital transducers extend in the same
direction. FIG. 9 shows an interdigital transducer which
corresponds to an electrode 12a. As FIG. 9 shows, a pad
124, extendsin a perpendicular direction to the fingers of the
electrodes 12b, and finger electrodes 124, are drawn from
the pad 12a,. Each of the electrodes 22 has a width corre-
sponding to a dimension of one pixel, and the electrodes 22
extend in parallel to the electrodes 12a and 125 (see FIG. 8).
The electrodes 12a¢ are connected to a scanning signal
driving circuit 28, and the electrodes 12b and 22 are con-
nected to a data signal driving circuit 29.

[0080] In the liquid crystal display 2 of this structure, if the
liquid crystal has positive anisotropy of dielectric constant,
when a voltage difference which is lower than Vh and is not
Iess than VT is caused between the electrodes 12a and 12b,
as FIG. 7(A) shows, horizontal electric fields D1 occur in a
parallel direction to the substrates, and the helical axis H of
the liquid crystal comes in substantially perpendicular to the
substrates. In other words, the liquid crystal comes to a
planar state and selectively reflects light of a specified
wavelength.

[0081] When a voltage difference which is lower than Vh
and is not less than Vf is caused between the electrodes 12a
and 12b and the electrodes 22, as FIG. 7(B) shows, vertical
electric fields D2 occur in a vertical direction to the sub-
strates, and the helical axis H of the liquid crystal comes in
parallel to the substrates. In other words, the liquid crystal
comes to a focal-conic state and transmits light.

[0082] If the chiral nematic liquid crystal has negative
anisotropy of dielectric constant, the liquid crystal mol-
ecules move in such a way that the helical axis of the liquid
crystal comes in parallel to the direction of electric field
applied thereto. Therefore, when a voltage difference which
is lower than Vd and is not less than Vp is caused between
the electrodes 124 and 12b, the helical axis of the liquid
crystal comes in parallel to the substrates, and the liquid
crystal comes to a focal-conic state. When a voltage differ-
ence which is lower than Vd and is not less than Vp is caused
between the electrodes 124 and 125 and the electrodes 22,
the helical axis of the liquid crystal comes in perpendicular
to the substrates, and the liquid crystal comes to a planar
state.

[0083] As modes of writing an image on the liquid crystal
display 2, an entire reset method or a separate reset method,
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in which the liquid crystal is once reset to a focal-conic state
or a planar state entirely at a time or part by part and
thereafter specified pixels are set to the other state by a
simple matrix driving method, can be adopted. Also, a
separate driving method, in which the direction of the helical
axis is set directly without carrying out any reset, can be
adopted.

[0084] (Third Embodiment; See FIGS. 10-12)

[0085] FIGS. 10(A) and 10(B) show a liquid crystal dis-
play 3 which is a third embodiment of the present invention.
On a lower substrate 11, electrodes 124, an insulating layer
13, electrodes 12b and an alignment controlling layer 14 are
provided. On an upper substrate 21, electrodes 224, an
insulating layer 23, electrodes 22b and an alignment con-
trolling layer 24 are provided. Between the substrates 11 and
21, chiral nematic liquid crystal is filled. In FIGS. 10(A) and
10(B), a part of one pixel is shown.

[0086] As FIG. 11 shows, the electrodes 12a are con-
nected to a first scanning signal driving circuit 28 A, and the
electrodes 22a are connected to a second scanning signal
driving circuit 28B. The electrodes 12b and 22b are con-
nected to a data signal driving circuit 29. As FIGS. 12(A)
and 12(B) show, the electrodes 124 and 224 are interdigital
transducers, which are of the structure which was already
described with reference to FIG. 9. Also, the electrodes 12b
and 22b are interdigital transducers.

[0087] Inthe liquid crystal display 3 of this structure, if the
chiral nematic liquid crystal has positive anisotropy of
dielectric constant, when a voltage difference which is lower
than Vh and is not less than Vf is caused between the
¢lectrodes 12a and 12b and between the electrodes 22a and
22b, as FIG. 10(A) shows, horizontal electric fields D1
occur in a parallel direction to the substrates, and the helical
axis H of the liquid crystal comes in perpendicular to the
substrates. In other words, the liquid crystal comes to a
planar state and selectively reflects light of a specified
wavelength.

[0088] When a voltage difference which is lower than Vh
and is not less than Vf is caused between the electrodes 12a
and 22a and between the electrodes 126 and 22b, as FIG.
10(B) shows, vertical electric fields D2 occur in a vertical
direction to the substrates, and the helical axis H of the liquid
crystal comes in parallel to the substrates. In other words, the
liquid crystal comes to a focal-conic state and transmits
light.

[0089] If the chiral nematic liquid crystal has negative
anisotropy of dielectric constant, the helical axis of the
liquid crystal comes in parallel to the direction of electric
field applied thereto. Therefore, when a voltage difference
which is lower than Vd and is not less than Vp is caused
between the electrodes 124 and 12b and between the elec-
trodes 22a and 22b, the helical axis of the liquid crystal
comes in parallel to the substrates, and the liquid crystal
comes to a focal-conic state. When a voltage difference
which is lower than Vd and is not less than Vp is caused
between the electrodes 124 and 224 and between the elec-
trodes 12b and 22b, the helical axis of the liquid crystal
comes in perpendicular to the substrates, and the liquid
crystal comes to a planar state.

[0090] As the mode of writing an image on the liquid
crystal display 3, an entire reset method, in which the entire
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liquid crystal is once reset to a focal-conic state or a planar
state and thereafter specified pixels are set to the other state
by a simple matrix driving method, can be adopted.

[0091] Specifically, first, an electric field is caused
between the lower electrodes 12a and the upper electrodes
224, and an clectric field is caused between the lower
electrodes 12b and the upper electrodes 22b. Thereby, the
liquid crystal is reset. Next, in each of the pixels which are
desired to come to a selective reflection state, a voltage
difference which is lower than Vh and is not less than Vf is
caused between the electrodes 12a and 12b and between the
electrodes 22a and 22b. Thereby, the helical axis of the
liquid crystal comes in perpendicular to the substrates, and
only in the pixels supplied with the voltage difference, the
liquid crystal comes to a planar state. This drive for writing
is carried out based on a simple matrix driving method.
Specifically, while the electrodes 12a and 224 are selected
line by line, pulse signals are sent to the electrodes 12b and
22b in accordance with image data.

[0092] If the electrode structure is asymmetric between the
upper section and the lower section, impurities in the liquid
crystal may be absorbed in only one of the substrates, which
may affect writing on the liquid crystal display. In the third
embodiment, however, the electrode structure is symmetric
between the upper section and the lower section, and impu-
rities will be absorbed in both the upper and lower substrates
evenly. Therefore, influences of the localization of impuri-
ties can be avoided.

[0093] (Modes of Applying an Electric Field)

[0094] The direction and the strength of the electric fields
which are applied to change the helical axis of the liquid
crystal can be adjusted by controlling the potentials applied
to the electrodes. Besides causing horizontal electric fields
in parallel to the substrates and vertical electric fields in
perpendicular to the substrates, it is also possible to cause
slant electric fields. For example, in FIG. 10(B), by applying
the same potential to the electrode 12a and the electrode
224, the electric field becomes slant against the substrates. In
this case, the helical axis of the liquid crystal becomes slant.

[0095] By changing the distances among the electrodes,
the direction and the strength of the electric fields can be
changed. For example, in FIGS. 7(A) and 7(B), by short-
ening the distance between the electrodes 12a and the
electrodes 12b, the clectric fields caused between these
electrodes become stronger, and the direction of the electric
fields is changed. The direction and the strength of electric
field depend on the voltage applied, and it is necessary to
design the distances among the electrodes optimally in
accordance with the structure of the liquid crystal display.

[0096] (Other Embodiments)

[0097] The liquid crystal display may be composed of one
display layer which is described in the embodiments above,
may be of three display layers which carry out selective
reflection of R, G and B respectively (a full color display) or
may be composed of two display layers which carry out
selective reflection of lights of mutually different wave-
lengths. The driving circuits may have any structures, and
any combination of such circuits is possible.

[0098] In the above embodiments, liquid crystal displays
of a simple matrix type have been described. However, the
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present invention is also applicable to liquid crystal displays
of an active matrix type which has switching elements for
respective pixels (for example, a Thin Film Transistor type
and a Thin Film Diode type).

[0099] Such a liquid crystal display may be fabricated by
any combination of the substrates with electrodes thereon
shown by FIGS. 2, 7 and 10. For example, the substrate 11
with electrodes thereon shown in FIG. 2 may be used in a
symmetrical structure as shown by FIG. 7. Also, it is
possible to combine the substrate 11 with electrodes thereon
shown in FIG. 2 with the substrate 11 with electrodes
thereon shown in FIG. 7. Only if electric fields in at least
two directions can be caused between a plurality of elec-
trodes, it is possible to control the helical axis of liquid
crystal.

[0100] Although the present invention has been described
in connection with the preferred embodiments above, it is to
be noted that various changes and modifications are possible
to those who are skilled in the art. Such changes and
modifications are to be understood as being within the
present invention.

1. A liquid crystal display apparatus comprising:

a liquid crystal display which has liquid crystal exhibiting
a cholesteric phase between a pair of substrates and
which makes a display by use of selective reflection of
the liquid crystal; and

a driver for driving the liquid crystal display by applying
an electric field to the liquid crystal;

wherein, the driver is capable of changing a direction of

the electric field to apply to the liquid crystal.

2. Aliquid crystal display apparatus according to claim 1,
wherein the driver changes a direction of a helical axis of the
liquid crystal without completely untwisting the liquid crys-
tal exhibiting a cholesteric phase.

3. Aliquid crystal display apparatus according to claim 1,
wherein each of the substrates of the liquid crystal display is
provided with an electrode.

4. Aliquid crystal display apparatus according to claim 1,
wherein at least one of the substrates of the liquid crystal
display is provided with a plurality of electrodes so that an
electric field in a substantially parallel direction to the
substrate can be caused.

5. Aliquid crystal display apparatus according to claim 1,
wherein the driver sets the direction of the helical axis of the
liquid crystal at least to a substantially vertical direction to
the substrates and to a substantially parallel direction to the
substrates.

6. Aliquid crystal display apparatus according to claim 1,
wherein:

the liquid crystal display has a plurality of pixels; and

the driver sets the helical axis of the liquid crystal in the
pixels in an area subjected to writing to respectively
specified directions in accordance with image data,
without resetting.

7. Aliquid crystal display apparatus according to claim 1,
wherein when carrying out writing thereon, the driver resets
the helical axis of the liquid crystal in all the pixels in an area
subjected to the writing to a first direction and thereafter sets
the helical axis of the liquid crystal in specified pixels in the
area to a second direction in accordance with image data.
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8. Aliquid crystal display apparatus according to claim 1,
wherein the liquid crystal has positive anisotropy of dielec-
tric constant.

9. Aliquid crystal display apparatus according to claim 1,
wherein the liquid crystal has negative anisotropy of dielec-
tric constant.

10. A liquid crystal display apparatus comprising:

a liquid crystal display which has liquid crystal exhibiting
a cholesteric phase between a pair of substrates with
electrodes thereon and which makes a display by use of
selective reflection of the liquid crystal; and

a voltage applying section for applying voltages to elec-
trodes provided on the substrates;

wherein:

at least one of the substrates is provided with a first
electrode group composed of a plurality of electrodes
and a second electrode group composed of a plurality
of electrodes which is located on a different level
from the first electrode group,

the voltage applying section is capable of applying
voltages to the first electrode group, the second
electrode group and a third electrode which is pro-
vided on the other substrate independently of each
other.

11. Aliquid crystal display apparatus according to claim
10, wherein at least one of the first electrode group and the
second electrode group comprises a plurality of units of
electrodes, each unit of electrodes being supplied with a
voltage simultaneously.

12. Aliquid crystal display apparatus according to claim
10, wherein an insulating layer is provided between the first
electrode group and the second electrode group.

13. Aliquid crystal display apparatus according to claim
10, wherein a width of the electrodes in the first electrode
group is different from that of the electrodes in the second
electrode group.

14. A liquid crystal display apparatus according to claim
10, wherein:

the electrodes in the first electrode group or the second
electrode group which is located farther from the liquid
crystal have a larger width than the electrodes in the
other electrode group which is located closer to the
liquid crystal; and

the voltage applying section applies a voltage V1 to the
electrode group which is closer to the liquid crystal, a
voltage V2 to the electrode group which is farther from
the liquid crystal and a voltage V3 to the third electrode
provided on the other substrate in such a way that
V1-V2 and V1-V3 have a same polarity.

15. Aliquid crystal display apparatus according to claim

10, wherein:

the electrodes in the first electrode group or the second
electrode group which is located farther from the liquid
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crystal have a larger width than the electrodes in the
other electrode group which is located closer to the
liquid crystal; and

the voltage applying section applies a voltage V1 to the

electrode group which is closer to the liquid crystal, a
voltage V2 to the electrode group which is farther from
the liquid crystal and a voltage V3 to the third electrode
provided on the other substrate in such a way that
V1=V3.

16. A liquid crystal display apparatus according to claim
10, wherein the substrate other than the substrate provided
with the first electrode group and the second electrode group
is provided with one kind of electrodes.

17. A liquid crystal display apparatus according to claim
10, wherein at least one of the first electrode group and the
second electrode group is an interdigital transducer.

18. Aliquid crystal display according to claim 10, wherein
in at least one of the first electrode group and the second
electrode group, electrode wires are bridged among the
electrodes for prevention of disconnection.

19. Aliquid crystal display according to claim 10, wherein
the electrodes in at least one of the first electrode group and
the second electrode group have a width which is smaller
than a dimension of a pixel.

20. Aliquid crystal display according to claim 10, wherein
scanning electrodes are included in at least one of the first
electrode group and the second electrode group.

21. A liquid crystal display apparatus according to claim
10, wherein the first electrode group and the second elec-
trode group are provided on each of the substrates in such a
way that the first electrode group and the second electrode
group on one of the substrates are symmetrical with the first
electrode group and the second electrode group on the other
substrate.

22. A liquid crystal display apparatus according to claim
10, wherein the electrodes provided on the substrates are to
carry out simple matrix driving.

23. A liquid crystal display apparatus comprising:

a liquid crystal display which has liquid crystal exhibiting
a cholestric phase between a pair of substrates and
which makes a display by use of sclective reflection of
the liquid crystal; and

a driver for driving the liquid crystal display;
wherein:

the liquid crystal is capable of staying in a focal-conic
state or in a planar state while no voltages are being
applied thereto; and

the driver changes a direction of a helical axis of the
liquid crystal without completely untwisting the lig-
uid crystal exhibiting a cholesteric phase.

24. A liquid crystal display apparatus according to claim
23, wherein the driver changes the direction of the helical
axis of the liquid crystal by changing a direction of electric
field to apply to the liquid crystal.
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