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57) ABSTRACT

The present invention relates to a reflective liquid crystal
display device comprising a liquid crystal material (30)
contained between two parallel substrates (20, 40) provided
with aligning means on the electrodes to orient the liquid
crystal and enable at least two alternative distinct textures
that are stable or metastable in the absence of a field to be

21) Appl. No.: 10/276,103
(21) Appl. No /276, obtained, means for applying electrical signals to the liquid
(22) PCT Filed: May 11, 2001 crystal to perform switching by enabling anchoring on at
’ least one of the two substrates to be broken, a polarizer (10)
(86) PCT No.: PCT/FR01/01428 associated with the front face of the device and oriented at
an angle lying in the range 15° to 75° relative to the director
30) Foreign Application Priority Data of the liquid crystal on the front face of the device, and a
specular or diffusing reflective element (50) placed at the
May 12, 2000  (FR)..ooccovveerierceeccreccr e 00/06107 rear face of the liquid crystal.
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BISTABLE REFLECTION DISPLAY DEVICE

[0001] The present invention relates to the field of liquid
crystal display devices.

STATE OF THE ART

[0002] Depending on the physical nature of the liquid
crystal used, distinctions are drawn between devices in
which the liquid crystals are nematic, cholesteric, smectic,
ferrolectric, ete. In nematic displays, which constitute the
preferred application of the present invention, a nematic
liquid crystal is used that is non-chiral or that is made to be
chiral, e.g. by adding a chiral dopant. This produces a texture
which is spontaneously uniform or lightly twisted, with a
helical pitch that is greater than a few micrometers. The
orientation and the anchoring of the liquid crystal close to
surfaces are defined by alignment layers or treatments that
are applied to the substrates.

[0003] Most devices that have been proposed or made in
the past are monostable. In the absence of an electric field,
only one texture is obtained in the device. This texture
corresponds to an absolute minimum in the total energy of
the cell. Under an electric field, the texture is deformed
continuously and its optical properties vary as a function of
the applied voltage. When the field is interrupted, the
nematic crystal returns to its single monostable texture. The
person skilled in the art will recognize that these systems
include the modes of operation that are in the most wide-
spread use in nematic displays: twisted nematic (TN),
supertwisted nematic (STN), electrically controlled birefrin-
gence (ECB), vertically aligned nematics (VAN), etc.

[0004] Another class of nematic displays is that of nem-
atics that are bistable, multistable, or metastable. Under such
circumstances, at least two distinct textures that are stable or
metastable in the absence of a field can be achieved in a cell,
using the same anchoring on the surfaces. The terms
“bistable” or “multistable” are generally used to designate at
least two states having the same energy or energy which is
very similar, and which are likely to endure almost indefi-
nitely in the absence of any external command. In contrast,
the term “metastable” is used for states having different
energy levels which are likely to switch after a relaxation
time that is long. Switching between two states is achieved
by applying appropriate electrical signals. Once a state has
been written, it remains stored in the absence of an applied
field because the crystal is bistable. This memory of bistable
displays is very attractive in numerous applications. Firstly,
it enables images to be refreshed at a slow rate, which is
most advantageous for reducing energy consumption in
portable appliances. Secondly, in fast applications (e.g.
video), the memory makes a very high multiplexing rate
possible, thus enabling high resolution video to be dis-
played.

[0005] Recently, a new bistable display [document 1] has
been proposed, using a liquid crystal that is cholesteric or
chiralized nematic. The two bistable textures, U (for uniform
or lightly twisted) and T differ from each other by twisting
through +180° and they are topologically incompatible
(FIG. 1). The spontaneous pitch p,, of the nematic is selected
to be close to four times the thickness d of the cell (py~4d)
so that the U and T energies are substantially equal. Without
an applied field, there exists no other state of lower energy:
U and T are genuinely bistable.
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[0006] Because of the topological incompatibility of the
two bistable textures, it is not possible to transform one into
the other without continuous bulk distortion. Switching
between U and T thus requires a strong external field to
induce anchoring transitions on the surfaces. Above a
threshold electric field E_ (threshold for breaking anchor-
ing), an almost homeotropic texture (referenced H in FIG.
1) is obtained, with anchoring on at least one of the
substrates being broken: the molecules extend normally
to-the plate in the vicinity of said surface.

[0007] When the field is interrupted, the nematic mol-
ecules close to the broken surface are in unstable equilib-
rium, without any anchoring torque, and they can return
either to their initial orientation (thus returning to the same
texture as they had prior to the field being applied), or else
they can turn through 180° and, after relaxation, give rise to
a bulk texture with an additional twist through 180°. At the
end of the command pulse, the cell is guided in selecting one
or other of its bistable states depending on whether the
coupling between movements of molecules close to the two
surfaces is elastic or hydrodynamic: elastic coupling causes
a return to the U state, hydrodynamic coupling towards the
T state.

[0008] For the information displayed on the device to
appear, it is necessary for the textures that are achieved to
have optical properties that are different. Most devices
operate in polarized light and use additional optical com-
ponents: polarizers, filters, compensating plates, etc. These
elements and their orientations relative to anchoring on the
two surfaces are selected as a function of the configuration
of the display in order to optimize the relevant optical
performance: contrast, brightness, color, viewing angle, etc.

[0009] For monostable displays, optimization needs to
apply to an entire continuum of states achieved under fields
of greater or lesser strengths because these states are on
display throughout the duration of an image. A very large
number of optical configurations have been proposed and
made for a variety of devices (TN, STN, etc.), taking
account of the particular features of each of those displays.

[0010] The optics of a bistable display in which anchoring
is broken are very different from those of monostable
devices. Firstly, throughout the major fraction of the dura-
tion of an image, only two textures are present in each cell
of the display: those that correspond to the two bistable
states. The optimum configuration must enable maximum
contrast to be achieved between those two textures, while
minimizing transient optical effects during switching due to
passing rapidly through intermediate states under a field.
Furthermore, the main difference between the two bistable
textures, an additional twist of 180°, is not a parameter that
is available for optimization: it is imposed by the physical
mechanism used for achieving two bistable states. In addi-
tion, bistable switching requires an electric field that is
strong E>E_ (close to 10 volts per micrometer (V/um)) and
thus a control voltage U=E-d that is proportional to the
thickness d of the cell. The liquid crystal layer must there-
fore be very fine (d=2 pum to 3 um) in order to make it
possible to achieve control with voltages that are reasonable,
and so optical optimization must take these requirements
into account.
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BASIS OF THE INVENTION

[0011] An object of the present invention is now to pro-
pose a novel display device based on liquid crystals which
present properties that are better than those of previously
known devices.

[0012] In the context of the present invention, this object
is achieved by a reflective bistable device and characterized
by the fact that it comprises:

[0013] a) a liquid crystal material contained between
two parallel substrates, the substrates being provided
with electrodes on their facing inside surfaces in
order to enable an electric field to be applied to said
liquid crystal, at least the front substrate and the front
electrode being optically transparent;

[0014] b) alignment layers or treatments on the elec-
trodes to orient the liquid crystal and enable at least
two alternative distinet textures that are stable or
metastable in the absence of a field to be imple-
mented, in which one of the textures is either non-
twisted or twisted with a total angle lying in the
range —90° to +90°, and the other texture presents
additional twisting through an angle close to 1805,

[0015] c) the thickness d of the liquid crystal layer
being selected in such a manner that the product d-An
is close to hy/4, where ), is the center wavelength of
the working spectrum band of the display and An is
the birefringence of the liquid crystal for said wave-
length;

[0016] d) means for applying electrical signals to the
liquid crystal enabling it to switch between said
distinct textures by breaking anchoring on at least
one of the two substrates, and enabling the crystal to
remain in either texture after the field has been
removed,

[0017] e) a polarizer associated with the front face of
the device, placed inside or outside it, and oriented at
an angle lying in the range 15° to 75° relative to the
director of the liquid crystal on the front face of the
device; and

[0018] f) a specular or diffusing reflective element
placed at the rear face of the liquid crystal, inside or
outside the device, enabling light to pass twice
through the device and return towards an observer or
towards additional optical elements.

[0019] The reflective bistable display thus proposed by the
present invention offers numerous advantages.

[0020] In particular it can keep and display an image for
a very long time without consuming energy, neither to make
it operate (because it is bistable), nor to light it (it does not
need an internal light source).

[0021] This reflection bistable device can be optimized by
taking account of various parameters. With a single polar-
izer, it makes several configurations possible, giving con-
trast of 50 to 60 in white light. Without losing optical quality,
optimization also makes it possible to use minimum cell
thickness, thus making switching much faster and reducing
the control voltages needed for switching purposes.
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[0022]

[0023] the liquid crystal material comprises a liquid
crystal or a liquid crystal mixture in a nematic phase;

[0024] the liquid crystal material comprises a liquid
crystal or a liquid crystal mixture in a cholesteric or
nematic phase doped with a chiral substance in order
to enable the energies of certain textures amongst the
stable or metastable textures to be brought closer
together or be equalized;

[0025] the optical delay d-An of the liquid crystal lies
in the range 0.15, to 0.35h,, preferably in the range
0.20%, to 0.32}.,, where ), is the center wavelength
of the working spectrum band,

[0026] the polarizer is a linear polarizer or an ellip-
tical polarizer;

[0027] a compensating plate is introduced on the
optical path between the polarizer and the reflector
inside or outside the device, providing an optical
delay Al less than h,/12 where A, is the center
wavelength of the working spectrum band,

[0028] at least one of the electrodes contains a plu-
rality of different segments enabling a plurality of
independent pixels to be made on the same substrate
and in the same device;

0029] the independent pixels are provided with inde-
p p p
pendent means for applying the field,

[0030] the independent pixels are organized in a
multiplexed passive maltrix;

[0031] the independent pixels are organized in a
multiplexed active matrix;

[0032] the polarizer is oriented at an angle close to
45° relative to the director of the liquid crystal on the
front face of the device;

According to other characteristics of the invention:

[0033] the twist angle of the first texture is practically
zero (Ap=0);
[0034] the twist angle of the texture in the low twist

state, the relative twist between the two states, the
orientation of the polarizer relative to the alignment
of the liquid crystal on the front face, the thickness
of the liquid crystal material placed between the two
substrates, and the birefringence of the liquid crystal
are optimized so as to obtain optimum optical per-
formance, in particular in terms of contrast, bright-
ness, and color;

[0035] the optical axis of the compensating plate is
oriented at substantially 45° relative to the polarizer;

[0036] the liquid crystal introduces an optical delay
lying in the range 100 nanometers (nm) to 180 nm;

[0037] the compensating plate introduced an optical
delay of less than 50 nm;

[0038] the polarizer is combined with the compen-
sating plate in the form of a single element so as to
constitute an electrical polarizer; and

[0039] the thickness of the liquid crystal material is
less than 6 pm.
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[0040] Other characteristics, objects, and advantages of
the present invention appear on reading the following
detailed description and from the accompanying drawings
given as non-limiting examples, in which:

[0041] FIG. 1, described above, is a diagram showing the
three states that are to be obtained with a display in accor-
dance with the state of the art;

[0042] FIG. 2 is a diagrammatic perspective view of a
device in accordance with the present invention,

[0043] FIG. 3 is a diagram showing the go-and-return
paths of light through the device in accordance with the
present invention as made possible by the reflector;

[0044] FIGS. 4 and 5 are graphs showing various solu-
tions for equations as a function of the orientation of the
polarizer, as explained below;

[0045] FIG. 6 shows a particular branch of one solution in
accordance with the present invention that gives good con-
trast in white light;

[0046] FIG. 7 shows the reflectivity R around the first
branch calculated with fixed d, An, and A¢, and variable
Lo/l

[0047] FIG. 8 shows the reflectivities R(P,\ /1) of “white”
states for a given branch of the solution;

[0048] FIG. 9 shows the reflectivity of two states as a
function of M/}, for an optimum configuration of the reflec-
tion device in accordance with the present invention,

[0049] FIG. 10 shows colorimetry curves calculated for a
standard D65 source as a function of d-An;

[0050] FIG. 11 shows the calculated contrast in white
light;
[0051] FIG. 12 is a diagrammatic perspective view of a

device in accordance with the present invention incorporat-
ing an additional compensating plate;

[0052] FIGS. 13 and 14 show different optimization solu-
tions that are explained below;

[0053] FIG. 15 shows the reflectivity of corresponding
twisted states; and

[0054] FIG. 16 shows the reflectivity of two states.
DESCRIPTIVE PORTION
[0055] Like other reflective displays, bistable devices can

be made in numerous configurations, having one or two
polarizers, one or more compensating plates, etc. In the
present invention, the device has a single polarizer placed on
the path of the light, at the front face of the device. This
configuration has the major advantage of providing maxi-
mum brightness because it minimizes losses of light due to
any second polarizer.

[0056] The simplest configuration of a device in accor-
dance with the present invention, as shown in FIG. 2,
comprises merely a polarizer 10 at the front face and a
mirror 50 at the rear face of the liquid crystal layer 30 which
is placed between two substrates 20 and 40 provided with
electrodes on their inside surfaces, and with no additional
optical element (for example no compensating plate).
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[0057] 1In FIG. 2, the orientation of the polarizer 10 is
referenced 12, the alignment directions defined respectively
on each of the two substrates 20 and 40 are referenced 22
and 42 (giving a twist angle A¢), and the two states U and
T that can be taken up by the liquid crystal material 30 are
represented diagrammatically.

[0058] To optimize the device in accordance with the
present invention, it is possible to vary all of the parameters
defining the optical properties of the display: the twist angle
Ady, of the texture in the low twist state U (JAd,| £180°), the
additional £180° twist in the second bistable state T, the
orientation P of the polarizer 10 relative to the alignment of
the liquid crystal 30 on the front face 20 (-90°=P=90°), the
thickness d of the liquid crystal material 30 placed between
the two substrates 20 and 40, and the birefringence An of the
liquid crystal.

[0059] These parameters are selected so as to obtain
optimum optical performance for the device, and in particu-
lar optimum contrast, brightness, color, etc.

[0060] A particular feature of bistable displays is the fact
that most of the time only two states are required and
therefore it is only these two states that need to be optimized
optically.

[0061] Tt is shown that in general, for arbitrary orientation
P of the polarizer 10, a plurality of solutions give optical
performance that is optimal. Selecting between these solu-
tions makes it possible, without losing optical quality, to
optimize switching of the liquid crystal, for example by
reducing the thickness d of the layer 30.

[0062] Bistable devices require a very strong electric field
E to be applied, having a value close to 10 V/um, which
value is imposed by the usual very high thresholds for
breaking anchoring. The control voltages U=d‘E are there-
fore very large compared with conventional displays. A
reduction in thickness enables U to be reduced by a corre-
sponding factor.

[0063] The optical relaxation time after switching is pro-
portional to d*, and that also encourages using small values
for d, which is very important in high speed applications,
e.g. when displaying video.

[0064] Finally, the bistable nematics are switched under
the control of hydrodynamic shear flows, launched at the end
of the control pulse, and by weak elastic coupling between
two surface anchorings. A thin liquid crystal reinforces
hydrodynamic and elastic coupling and therefore favors
more effective control of the display.

[0065] The person skilled in the art will understand the
importance of the optimum configuration presented in the
context of this invention, making it possible simultaneously
to improve optical quality, speed, control voltage, and
switching of the device between the two bistable states.

[0066] For a uniformly twisted texture, in which the
helical pitch is considerably greater than the wavelength of
the light, and when light is propagating parallel to the axis
of the helix, there exist well-known analytic formulae [docu-
ment 2] which describe the optical properties of the system
to within a good approximation. Taking account of the fact
that light passes both ways through the device (as shown in
FIG. 3), and assuming that the polarizer 10 and the mirror
50 are perfect, we obtain the following formulae for the
reflectivity of the display:

(D)R=1cos(€)cos*(2P-a)
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[0067]

where (2.a)

sin(g) = ﬁsm[\/ AP +72E7)
£ 3 (2.b)
tan(E) = 7\Wtan(\/ Ag? + 7282 )
¢z d-An 2.0)
A
[0068] where € and o are functions of the integrated

birefringence of the liquid crystal d-An, of the wavelength of
the light X, of the angle of the twisted state A¢, and of the
orientation of the polarizer P.

[0069] To optimize monochromatic light contrast, it is
necessary for one of the bistable states of twist Ad or Ap=xm
to be black (R=0). For each orientation of the polarizer 10,
equation (1) gives a series of solutions (5, A¢,) which
satisfy this condition (FIGS. 4 and 5). The first branches
(k=0,1,2, or 3) of the solutions &, (P) and A¢,(P) are given
in FIGS. 4 and 5 where for reasons of consistency the
figures are limited to the polarizer 10 having orientations in
the range —45°=P=+45° and to cell twist of A¢<0. Solu-
tions with A¢>0 correspond to 45°=P=135° and can be
obtained from the same figure by means of the following
transformation:

{Ek 90°-P)=&(P) &)
Ay (90° - P) = Ay (P)

[0070] All of these solutions correspond to infinite con-
trast in monochromatic light with hy=d-An/E,. In practice,
the display is required to provide contrast that is also good
in white light, i.e. when A varies around A, (for fixed P and
A¢), R must remain close to zero.

[0071] The first branch (§,,Ad,) shown in FIG. 6 satisfies
this criterion best and corresponds to white light contrast
that is much better than that of the other branches. It is only
this solution that is considered below.

[0072] FIG. 7 shows reflectivity R around the first branch
calculated at fixed d, An, and A¢, for variable h,/h. For P
lying in the range —10° to +45° (or in the range 45° to 100°
if A¢p<0), the window corresponding to low reflectivity about
the branch is broad and almost independent of P. This region
corresponds to the black state of the display in white light
having optimum optical quality (mean reflectivity that is low
and that depends little on k).

[0073] Tt can be seen that in this configuration, optimizing
the black state does not require any particular orientation for
the polarizer 10 except that —-10°=P=+100°. It is therefore
possible to make use of this freedom for selecting P, for
given optical quality, to optimize the thickness d of the
liquid crystal layer 30, with minimum thickness being good
for improving switching.
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[0074] 1InFIG. 5 it can be seen directly that this minimum
thickness d=)/(4An) is obtained for P=45° and that it varies
slowly in the region +15°<P<+75°.

[0075] This thickness is half the optimum value for trans-
mission [document 1] or reflection when using two polar-
izers.

[0076] The device in accordance with the present inven-
tion thus makes it possible with P close to 45° to reduce
control voltages by a factor of 2 while maintaining good
optical quality. Relaxation times after fields have been
switched off are divided by 4 and can be reduced to
millisecond order, which is compatible with high resolution
video display.

[0077] For the “white” bistable state of the device, high
reflectivity is required, and preferably R=1, with little dis-
persion in wavelength. These two conditions guarantee
maximum brightness and good color for the white state. The
only difference between the black state (already optimized)
and the white state (still to be optimized) is an additional
twist of +180°.

[0078] FIG. 8 shows reflectivities R(P, h,/A) of “white”
states corresponding to the zero branch of the already
optimized black state. It can be seen that under all circum-
stances R is very close to 1 and depends very little on ho/A
in the range +15°<P<+75°.

[0079] This confirms the advantage of the optimum con-
figuration for a bistable reflective display in accordance with
the present invention when P~+45°, d=~}.,/4-An (where 1, is
selected to be close to the middle of the passband of the
display), and A¢=~0 for the low-twist state. This configura-
tion optimizes not only the optics of the two bistable states,
but also makes it possible to use a liquid crystal layer 30 of
minimum thickness, consequently improving switching
between the two states.

[0080] FIG. 9 shows the reflectivity of the two states for
P=45° as a function of A/A for the optimum configuration of
the reflective device.

[0081] The reflectivity of the white state or T texture
(A¢$=180°) varies very slowly around }.=h,. In contrast, the
black or U texture (A¢=0°) state has non-negligible disper-
sion R()) which reduces contrast in white light and gives a
black state that is colored.

[0082] FIG. 10 shows colorimetry curves calculated for a
D65 standard source as a function of d-An. The pale state
(A$=180°) is very close to a perfect white, but the dark state
(A¢=0) is colored.

[0083] The calculated contrast in white light (FIG. 11) is
good (=57) for d"An=137 nm corresponding to a black state
A$=0 having a very dark blue color.

[0084] 1In a variant as shown in FIG. 12, an additional
improvement to the reflective bistable display proposed in
the present invention comprises a compensating plate 60 of
thin optical thickness which is inserted between the polarizer
10 and the reflector 50 either inside or outside the device.
The optical axis 62 of this single axis compensating plate 60
is selected to be essentially at 45° relative to the polarizer 10.

[0085] The optical path length difference introduced by
the compensator 60 for a single passage of light there-
through is d_-An_, where d_ is its thickness and An_ is its
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birefringence (positive or negative). The corresponding
angular phase shift is defined by d_=2nd_An_/}., where 2, is
the wavelength of light in the center of the spectrum band for
which the device is to be optimized.

[0086] Qualitatively, the role of the small phase shift
compensating plate 60 is as follows. It is shown above that
the optimum optical configuration for the device corre-
sponds to an optical thickness in the U state that is close to
d-An=h,/4. However, for device switching, it is preferable to
reduce the thickness d of the nematic 30 to as thin as
possible. These two conditions can be satisfied simulta-
neously by replacing a fraction of the phase shift due to the
liquid crystal 30 by a phase shift introduced by the com-
pensating plate 60:

A" An+d =doA

[0087] where d'<d.,/(4-An) is a smaller thickness. Under
such circumstances, the black state will conserve its optical
properties. The colorimetry and the brightness of the white
state will be degraded slightly, but this undesirable effect can
be compensated by optimizing the parameters P and A¢ if
the phase shift 8 =2md _An /i, is small (<<1 radian).

[0088] FIGS. 13 and 14 show the first branches of the
solutions E(P,d) and A¢(P,d) calculated for R(A¢)=0 and for
9=-10°, 0°, +10°, and +20°.

[0089] FIG. 15 shows the reflectivity of the corresponding
twisted states R(A¢-m) (with similar results being obtained
for Ap+r).

[0090] From these figures, the person skilled in the art will
understand that introducing a small quantity of phase shift
(6~15°) makes it possible to further reduce the thickness of
the liquid crystal layer 30.

[0091] For a greater phase shift, the pale state Apxm
becomes progressively less bright and more strongly col-
ored, thereby reducing the optical quality of the display.

[0092] FIG. 16 shows the reflectivities of two states A¢
and A¢-m calculated for Ap=-25.4°, P=30°, 8=15°, },=560
nm, &()=0.217 as a function of hy/h. This optimized
configuration has optical quality comparable to the case
without the compensator 60 (3,=0), while nevertheless mak-
ing it possible to use a liquid crystal layer 30 that is about
15% thinner.

[0093] In the above calculations, it is assumed that the
dispersion dAn /dj. of the compensator 60 is similar to that
dAn/dh of the liquid crystal 30 itself. In practice, a suitable
choice for the dispersion of the compensator 60 (e.g. of
opposite sign) can give additional advantages, particularly
smaller dispersion in the black state of the device, and thus
better contrast in white light.

[0094]

[0095] A non-limiting embodiment of the device proposed
in the present invention has been made and studied by the
inventors. To demonstrate its advantages it has been com-
pared with a bistable cell operating by breaking anchoring
and optimized for display in transmission.

[0096] In both cases, the anchoring on one of the surfaces
20, 40 was strong with an angle of inclination of about 30°
(grazing evaporation of SiO at 85°). On the other surface,
weaker planar anchoring was imposed by evaporating Si0 at
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75°. The 5CB nematic that is commercially available from
Merck was chiralized by adding the S 811 chiral dopant
(from Merck). In both of the cells, the concentration used
was adapted to obtain a spontaneous pitch for the mixture
Py=4-d (with d=1.5 um for the transmission cell correspond-
ing to the prior art and d=0.85 um for the reflection cell in
accordance with the present invention).

[0097] The static thresholds for breaking anchoring as
measured on the weak anchoring plate in both cells were
comparable (E_=7 V/um). Reproducible switching between
the two bistable states U and T was performed using the
same electrical signals for both devices, but with voltages
that were very different: U=18 V for the state of the art
transmission cell (d=1.5 um) and U=8 V for the reflection
cell proposed in the present invention (d=0.85 pm). The
optical relaxation times after switching, as measured in the
reflection cell in accordance with the present invention (t=2
ms) were also much shorter than those in the transmission
cell of the prior art (t=6 ms). These results confirm the great
practical advantage represented by the reflection configura-
tion proposed in the present invention.

[0098] Naturally, the present invention is not limited to the
embodiments described above, but extends to any variant
within its spirit.
[1] FR-A-2 750 894,

[2] Appl. Phys. Lett. 51 (18) November 1987 “Optical properties of general
twisted nematic liquid crystal displays”, by H. L. Ong.

1. A reflective bistable display device, the device being
characterized by the fact that it comprises:

a) a liquid crystal material (30) contained between two
parallel substrates (20, 40), the substrates being pro-
vided with electrodes on their facing inside surfaces in
order to enable an electric field to be applied to said
liquid crystal, at least the front substrate (20) and the
front electrode being optically transparent;

b) alignment layers or treatments on the electrodes to
orient the liquid crystal and enable at least two alter-
native distinct textures that are stable or metastable in
the absence of a field to be implemented, in which one
of the textures is either non-twisted or twisted with a
total angle lying in the range -90° to +90°, and the
other texture presents additional twisting through an
angle close to 180°;

¢) the thickness d of the liquid crystal layer (30) being
selected in such a manner that the product d-An is close
to hy/4, where b, is the center wavelength of the
working spectrum band of the display and An is the
birefringence of the liquid crystal for said wavelength;

d) means for applying electrical signals to the liquid
crystal enabling it to switch between said distinct
textures by breaking anchoring on at least one of the
two substrates, and enabling the crystal to remain in
either texture after the field has been removed;

¢) a polarizer (10) associated with the front face of the
device, placed inside or outside it, and oriented at an
angle lying in the range 15° to 75° relative to the
director of the liquid crystal on the front face of the
device; and

f) a specular or diffusing reflective element (50) placed at
the rear face of the liquid crystal, inside or outside the
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device, enabling light to pass twice through the device
and return towards an observer or towards additional
optical elements.

2. A device according to claim 1, characterized by the fact
that the liquid crystal material (30) comprises a liquid crystal
or a liquid crystal mixture in a nematic phase.

3. A device according to claim 1, characterized by the fact
that the liquid crystal material (30) comprises a liquid crystal
or a liquid crystal mixture in a cholesteric or nematic phase
doped with a chiral substance in order to enable the energies
of certain textures amongst the stable or metastable textures
to be brought closer together or be equalized.

4. A device according to any one of claims 1 to 3,
characterized by the fact that the optical delay d-An of the
liquid crystal (30) lies in the range 0.15%, to 0.35h,, pref-
erably in the range 0.20%. to 0.32),, where A, is the center
wavelength of the working spectrum band.

5. A device according to any one of claims 1 to 4,
characterized by the fact that the polarizer (10) is a linear
polarizer or an elliptical polarizer.

6. A device acorn to any one of claims 1 to 5, character-
ized by the fact that a compensating plate (60) is introduced
on the optical path between the polarizer (10) and the
reflector (50) inside or outside the device, providing an
optical delay Al less than 2_/12 where A, is the center
wavelength of; the working spectrum band.

7. A device according to any. one of claims 1 to 6,
characterized by the fact that at least one of the electrodes
contains a plurality of different segments enabling a plurality
of independent pixels to be made on the same substrate and
in the same device.

8. A device according to any one of claims 1 to 7,
characterized by the fact that the independent pixels are
provided with independent means for applying the field.

9. A device according to any one of claims 1 to 8§,
characterized by the fact that the independent pixels are
organized in a multiplexed passive matrix.

10. A device according to any one of claims 1 to 8§,
characterized by the fact that the independent pixels are
organized in a multiplexed active matrix.
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11. A device according to any one of claims 1 to 10,
characterized by the fact that the polarizer (10) is oriented at
an angle close to 45° relative to the director of the liquid
crystal on the front face of the device.

12. A device according to claim 11, characterized by the
fact that the twist angle of the first texture is practically zero
(A¢=0).

13. A device acorn to any one of claims 1 to 12, charac-
terized by the fact that the twist angle (A¢,) of the texture in
the low twist state, the relative twist (x180°) between the
two states, the orientation (P) of the polarizer (10) relative
to the alignment of the liquid crystal (30) on the front face
(20), the thickness (d) of the liquid crystal material (30)
placed between the two substrates (20, 40), and the bire-
fringence (An) of the liquid crystal are optimized so as to
obtain optimum optical performance, in particular in terms
of contrast, brightness, and color.

14. Adevice according to any one of claims 1 to 13, taken
in combination with claim 6, characterized by the fact that
the optical axis (62) of the compensating plate (60) is
oriented at substantially 45° relative to the polarizer (10).

15. Adevice according to any one of claims 1 to 14, taken
in combination with claim 6, characterized by the fact that
the liquid crystal (30) introduces an optical delay lying in the
range 100 nm to 180 nm.

16. Adevice according to any one of claims 1 to 15, taken
in combination with claim 6, characterized by the fact that
the compensating plate (60) introduced an optical delay of
less than 50 nm.

17. Adevice according to any one of claims 1 to 16, taken
in combination with claim 6, characterized by the fact that
the polarizer (10) is combined with the compensating plate
(60) in the form of a single element so as to constitute an
electrical polarizer.

18. A device according to any one of claims 1 to 17,
characterized by the fact that the thickness of the liquid
crystal material (30) is less than 6 um.
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