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(54) Liquid crystal device

(57) A liquid crystal device comprises pixels which
are switchable between a white state 5 and a black state
6. Spacers 10 are disposed in gaps between the pixels
and are birefringent such that the spacers 10 have the

same optical properties as liquid crystal in the black
state 6. For example, the spacers 10 may have the same
retardation as the liquid crystal layer with an optic axis
fixed in the direction of the optic axis of the liquid crystal
when in the black state 6.
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Description

[0001] The present invention relates to a liquid crystal
device (LCD). Such LCDs may be used in reflective or
transmissive configurations.
[0002] Figure 1 of the accompanying drawings illus-
trates a known type of reflective LCD having a passive
matrix addressing arrangement. The device comprises
mirror electrodes 1 in the form of parallel stripes extend-
ing vertically in Figure 1. The mirror electrodes 1 are
disposed above a rear light absorber 2 which is visible
in the view from above of Figure 1 in the gaps between
the mirror electrodes 1. Transparent electrodes, such
as indium tin oxide (ITO) electrodes 3 are disposed
above the liquid crystal layer and take the form of elon-
gate parallel electrodes which extend horizontally in Fig-
ure 1. The gaps between the electrodes 3 result in un-
addressed regions 4 which are disposed above the re-
flective mirror electrodes 1. Thus, light passing through
the regions 4 is reflected and is not absorbed by the rear
absorber 2.
[0003] The LCD shown in Figure 1 is of the ferroelec-
tric liquid crystal (FLC) type in which the liquid crystal
layer acts as a retarder with in-plane optic axes switch-
ing. A fixed quarter wave plate with its optic axis oriented
at 75° is disposed between the FLC layer and the mirror
electrodes. Picture elements (pixels) in the white state,
such as 5, have their optic axes switched to an angle of-
7.5° whereas pixels such as 6 in the black state have
their optic axes switched to an angle of +15°. The un-
addressed regions 4 are not subjected to an applied ad-
dressing field between the electrodes 1 and the elec-
trodes 3 and thus adopt an undefined state. This state
corresponds to a non-black state so that incident light
on the regions 4 is at least partly reflected and is visible
to a viewer of the display. This results in a reduction of
the contrast ratio.
[0004] A known technique for avoiding this problem is
disclosed in D.G. McDonnell et al, "An Ultra-High-Res-
olution Ferroelectric Liquid-Crystal Video Display", Di-
gest of Technical Papers, Society for Information Dis-
play International Symposium, 1993, p 654. According
to this technique, the liquid crystal in the inter-pixel gaps
or regions such as 4 in Figure 1 is switched by fringing
fields into a controlled state. However, it is not always
possible to achieve such switching, for example be-
cause of limitations in addressing, device configuration
and material characteristics or because the inter-pixel
gap contains a non-switchable spacing element.
[0005] In cases where it is not possible to switch the
inter-pixel gaps, it is known to provide a black matrix for
masking such regions, for example as disclosed in
Koden et al, "Key Technologies for the τ-Vmin Mode
FLCD", IDW 1997, p 269 and in D.E. Castleberry et al,
"A One Mega-Pixel Colour a-Si TFT Liquid-Crystal Dis-
play", Digest of Technical Papers, Society for Informa-
tion Display International Symposium, 1988, p 232.
However, this increases the processing steps and

hence the cost of making such displays and decreases
the fill factor of the display.
[0006] It is also known to provide cell spacing by
means of patterned structures of uniform height but this
also reduces the contrast ratio of LCDs. For example,
Koden et al (as mentioned above) describes the use of
continuous spacer walls to achieve mechanical stability
in smectic devices and Colgan et al "On-chip metallisa-
tion layers for reflective light valves", IBM Journal of Re-
search and Development, vol. 42 no. 3 1998 discloses
the use of silicon dioxide spacer posts at the comers of
pixels. Figure 2 of the accompanying drawings illus-
trates the arrangement of such known devices with
spacer walls 7 disposed in the gaps between the upper
electrodes 3. The spacers 7 are transparent and are
made of substantially isotropic material. Incident light is
therefore reflected by the underlying portions of the mir-
ror electrodes 1 and this again reduces the contrast ratio
of such LCDs.
[0007] It is known for the spacer walls 7 to be disposed
between the gaps in the mirror electrodes 1 as illustrated
in Figures 3 and 4 of the accompanying drawings. How-
ever, any inaccuracies in positioning and size of the
spacer walls 7 results in a reduction of contrast ratio.
For example, as shown in Figure 3 at 8, the spacer walls
7 are misaligned with the gaps between the mirror elec-
trodes 1 and are therefore skewed so as to overlap the
partially reflective regions of the pixels. Translational er-
rors may also occur and result in the spacer wall 7 over-
lapping the partially reflective regions. As shown in Fig-
ure 4 at 9, if the spacer walls 7 are too wide, they will
again overlap the mirror electrodes 1. Light passing
through the spacer walls 7 and striking the overlapping
portions of the mirror electrodes 1 is reflected back out
of the LCD and results in a reduction in contrast ratio.
[0008] The spacers 7 may be made of a black polymer
material, for example as disclosed in D.E. Castleberry
et al (as mentioned above) and in C.M. Hesler et al, "Pig-
ment-Dispersed Organic Black-matrix Photoresists For
LCD Colour Filters", SID 1995 Digest, p 446. However,
in order to avoid compromising the contrast ratio of the
LCD, such a material would have to have sufficient light-
absorbing properties and, in practice, there is some re-
duction in contrast ratio. Also, the spacers are disposed
within the liquid crystal layer and the dyes or pigments
used in such materials can contaminate the liquid crys-
tal. This compromises the alignment quality and switch-
ing behaviour of the LCD.
[0009] The presence of the spacers 7 in the liquid
crystal layer can also cause "pinning" of the liquid crystal
molecules adjacent the spacers so that the liquid crystal
adjacent the spacers is not substantially affected by the
applied addressing field. As described hereinafter, the
liquid crystal may be pinned in the black or white state
and this reduces contrast ratio and aperture ratio of the
device. It is thus necessary to provide a black matrix
which is wider than the spacers 7 so as to mask such
pinned white states. This increases the number of pro-
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duction process steps and hence the cost of such de-
vices while substantially decreasing the fill factor of such
devices.
[0010] According to the invention, there is provided a
liquid crystal device comprising a liquid crystal layer
containing a plurality of pixels separated by inter-pixel
gaps, each of the pixels having a first optical state re-
sulting in maximum light attenuation, characterised by
at least one spacer disposed in the inter-pixel gaps and
having substantially the same optical property as the
first pixel optical state.
[0011] The at least one spacer may comprise a plu-
rality of pillars.
[0012] The at least one spacer may comprise a plu-
rality of walls. The walls may be continuous. The walls
may enclose the pixels. The walls may fill the inter-pixel
gaps.
[0013] The optical property may comprise changing
the polarisation of light. The optical property may com-
prise retardation with a predetermined optic axis orien-
tation. The device may comprise a linear polariser for
transmitting light with a first direction of linear polarisa-
tion, a reflector, a half waveplate disposed between the
polariser and the reflector and a quarter waveplate dis-
posed between the half waveplate and the reflector, the
liquid crystal layer comprising one or both of the half
waveplate and the quarter waveplate.
[0014] The liquid crystal layer may be of the in-plane
switching type and the at least one spacer may have the
same retardation as the liquid crystal layer and an optic
axis oriented in the same direction as the liquid crystal
layer in the first optical state. The liquid crystal of the
layer may be a smectic liquid crystal. The liquid crystal
may be a ferroelectric liquid crystal.
[0015] The liquid crystal layer may comprise the half
waveplate whose optic axis is switchable between -7.5°
and +15° to the first direction, the at least one spacer
may have an optic axis at +15° to the first direction, and
the quarter waveplate may have an optic axis at +75°
to the first direction.
[0016] The liquid crystal layer may comprise the quar-
ter waveplate whose optic axis is switchable between
75° and 120° to the first direction, the at least one spacer
may have an optic axis at 75° to the first direction, and
the half waveplate may have an optic axis at 15° to the
first direction.
[0017] The liquid crystal layer may comprise the half
waveplate whose optic axis is switchable between 0°
and 15° to the first direction, the at least one spacer may
have an optic axis at 15° to the first direction, and the
quarter waveplate may comprise a further liquid crystal
layer whose optic axis is switchable between 75° and
90° to the first direction and at least one further spacer
having an optic axis at 75° to the first direction.
[0018] The liquid crystal of the layer may be a nematic
liquid crystal. The liquid crystal layer may be a bistable
twisted nematic liquid crystal layer.
[0019] The liquid crystal layer may comprise the quar-

ter waveplate which is switchable between a 0° twist
state with an optic axis at 75° to the first direction and a
360° twist state, the at least one spacer may have an
optic axis at 75° to the first direction and the half wave-
plate may have an optic axis at 15° to the first direction.
[0020] The liquid crystal layer may comprise the quar-
ter waveplate which is switchable between a 0° twist
state with an optic axis at 100° to the first direction and
a 360° twist state, the at least one spacer may have an
optic axis at 100° to the first direction, the half waveplate
may have an optic axis at α° to the first direction, and a
further half waveplate having an optic axis at 5α° to the
first direction may be disposed between the half wave-
plate and the liquid crystal layer. a may be equal to 6.9°.
[0021] The device may comprise a linear polariser for
transmitting light with a first direction of linear polarisa-
tion, a reflector, and a retarder having a retardation of
substantially 208nm and an optic axis at 14° to the first
direction, the liquid crystal layer being disposed be-
tween the retarder and the reflector and being switcha-
ble between a 67° twist state, having a retardation of
substantially 136nm and an optic axis at a surface of
liquid crystal layer nearer the retarder at 29° to the first
direction, and a -293° or +427° twist state, the at least
one spacer having an optic axis at a surface thereof
nearer the retarder at 29° to the first direction and a 67°
twist state.
[0022] The at least one spacer may have an optical
anisotropy which is greater than that of the liquid crystal
layer and may be provided with an optically isotropic fur-
ther spacer such that the combined thickness of the at
least one spacer and the further spacer is substantially
equal to the thickness of the liquid crystal layer.
[0023] The liquid crystal layer may have an optical an-
isotropy which is greater than that of the at least one
spacer and may be provided with an optically isotropic
further spacer such that the combined thickness of the
liquid crystal layer and the further spacer is substantially
equal to the thickness of the at least one spacer.
[0024] The at least one spacer may comprise a cured
reactive mesogen.
[0025] The at least one spacer may be arranged to
bias the liquid crystal of the layer in contact therewith to
the first optical state. The at least one spacer may be
optically anisotropic and may have a molecular align-
ment corresponding to the molecular alignment of the
liquid crystal when in the first optical state.
[0026] The device may comprise a passive matrix ad-
dressing arrangement including a set of stripe elec-
trodes constituting a or the reflector.
[0027] It is thus possible to provide a device in which
one or more spacers have the same optical property as
the "black" liquid crystal state. The presence of such a
spacer or spacers results in little or no loss of contrast
ratio in such devices. For example, such spacers may
be disposed above reflective regions of a reflective dis-
play, for example as illustrated in Figures 1 and 5 of the
accompanying drawings, so as substantially to prevent
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reflection from the underlying reflector.
[0028] Such spacers may also be arranged to bias the
"black" state of the liquid crystal adjacent the spacers.
This eliminates or reduces the problem of white state
pinning as described hereinbefore and thus avoids sub-
stantial reduction in contrast ratio or the need to provide
a larger black matrix area.
[0029] The present invention will be further described,
by way of example, with reference to the accompanying
drawings, in which:

Figure 1 is a diagrammatic view from above of a
known type of LCD;

Figure 2 is a diagrammatic view from above of an-
other known type of LCD;

Figures 3 and 4 are diagrammatic views from above
of a known type of LCD illustrating spacer misalign-
ment and size mismatches;

Figure 5 is a diagrammatic view from above of an
LCD constituting a first embodiment of the inven-
tion;

Figure 6 is a diagrammatic cross-sectional view of
the LCD of Figure 5;

Figure 7 is a cross-sectional diagram of an LCD of
the type shown in Figure 6 but with isotropic spac-
ers;

Figure 8 is a cross-sectional diagram of an LCD
constituting a second embodiment of the invention;

Figure 9 is a cross-sectional diagram of a device of
the type shown in Figure 8 but with isotropic spac-
ers;

Figure 10 is a cross-sectional diagram of an LCD
constituting a third embodiment of the invention;

Figure 11 is a cross-sectional diagram of a device
of the type shown in Figure 10 but with isotropic
spacers;

Figure 12 is a cross-sectional diagram of an LCD
constituting a fourth embodiment of the invention;

Figure 13 is a cross-sectional diagram of a device
of the type shown in Figure 12 but with isotropic
spacers;

Figure 14 is a diagram illustrating an alignment lay-
er formed on an isotropic spacer wall of known type;

Figure 15 is a diagram illustrating the effect of the
alignment layer of Figure 14 on liquid crystal molec-

ular direction adjacent the spacer wall;

Figure 16 is a diagram illustrating use of an aniso-
tropic spacer wall in the embodiments of the inven-
tion;

Figure 17 is a diagram illustrating the effect of the
spacer wall of Figure 16 on liquid crystal molecular
direction adjacent the spacer wall;

Figures 18 and 19 are diagrams illustrating com-
pensation for spacers and liquid crystals of different
birefringence or optical anisotropy;

Figure 20 is a diagrammatic plan view of an LCD
constituting a fifth embodiment of the invention;

Figure 21 is a cross-sectional diagram of an LCD
constituting a sixth embodiment of the invention;
and

Figure 22 is a cross-sectional diagram of an LCD
constituting a seventh embodiment of the invention.

[0030] Like reference numerals reference to like parts
throughout the drawings.
[0031] The LCD shown in Figure 5 is of the same ba-
sic type as that shown in Figure 1 and disclosed in GB
2 318 878 and EP 0 840 160, namely a reflective in-
plane switching LCD of ferroelectric type. However, the
LCD of Figure 5 differs from that of Figures 1 and 2 in
that a birefringent spacer wall 10 is disposed in the gap
between adjacent pairs of electrodes 3.
[0032] The LCD is shown in more detail in Figure 6.
A linear polariser 11 polarises incident light such that it
has an input polarisation 12 in a first direction. The de-
vice comprises a ferroelectric liquid crystal layer 13
whose birefringence and thickness are such that the lay-
er 13 acts as a half waveplate, for example for a wave-
length of light at or adjacent the middle of the visible
spectrum. The layer 13 has an optic axis with an in-plane
switching angle of 22.5° so that the liquid crystal layer
optic axis is switchable between -7.5° and +15° with re-
spect to the first direction. The sign convention for an-
gles referred to herein is of no importance provided pos-
itive angles are measured in one direction and negative
angles are measured in the opposite direction through-
out.
[0033] The optical properties described herein are
valid only for the design wavelength of optical elements.
The design wavelength is normally chosen to be in the
middle of the visible spectrum.
[0034] The birefringent spacer walls 10 are disposed
in the liquid crystal layer 13 and have a birefringence
and thickness such that the spacer walls 10 act as half
waveplates with the same retardation as the liquid crys-
tal layer 13. The optic axes of the spacer walls 10 are
oriented at 15° with respect to the input polarisation or
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first direction 12.
[0035] The LCD further comprises a quarter wave-
plate 15 disposed between the liquid crystal layer 13 and
the mirror electrode 1. The quarter waveplate 15 pro-
vides a quarter wave of retardation at the wavelength
for which the liquid crystal layer 13 is a half wave retard-
er. The quarter waveplate 15 has an optic axis 16 which
is fixed at an "in-plane" angle of 75° to the input polari-
sation 12.
[0036] When the liquid crystal layer optic axis is
switched to +15°, the pixel is in its "black" state whereas,
when the optic axis of the layer 13 is at -7.5°, the pixel
is in its "white" state. The fixed orientation of the optic
axis of the spacers 10 is oriented in the "black state di-
rection" of the liquid crystal layer 13.
[0037] Light which is incident on the polariser 11,
whose absorption axis is oriented at 90°, is polarised
with a polarisation direction of 0°. The optic axis of each
spacer 10 and the liquid crystal layer 13 in its "black"
state is oriented at +15°. The polarisation of light which
has passed through the layer 13 or the spacer 10 is ro-
tated by twice the angle of the optic axis of the layer 13
or the spacer 10, which acts as a half waveplate, and is
therefore oriented at an angle of 30°. The polarisation
direction of light incident on the quarter waveplate 15 is
thus at -45° to the optic axis of the plate 15 and is right
handed circularly polarised by the plate 15.
[0038] Reflection by the mirror electrode 1 reverses
the polarisation direction so that the reflected light is left
handed circularly polarised when incident on the quarter
waveplate. Light leaving the quarter waveplate 15 is
thus polarised at +45° to the optic axis of the plate 15
and hence is polarised at 120°. The angle between the
polarisation of light incident on the liquid crystal layer 13
or the spacer 10 is polarised at -105° with respect to the
optic axis thereof and so leaves the layer 13 or the spac-
er 10 with a polarisation angle of -90°. The light returning
to the polariser 11 is polarised parallel to the absorption
axis of the polariser, which thus extinguishes the reflect-
ed light.
[0039] When the liquid crystal of a pixel has its optic
axis oriented at -7.5°, the polarised light from the polar-
iser 11 exits the layer 13 with its polarisation direction at
-15°. The polarisation direction is therefore orthogonal
to the optic axis of the quarter waveplate 16 and, pas-
sage of light through the plate 15 does not change its
polarisation. Light reflected by the mirror electrode 1 has
its polarisation direction changed by 180° and is incident
on the plate 15 with a polarisation state orthogonal to
the optic axis of the plate 15. The reflected light is thus
incident on the layer 13 with its polarisation direction at
- 172.5° relative to the optic axis of the layer 13. Light
exits the layer 13 with its polarisation direction at -180°.
The polarisation is therefore parallel to the transmission
axis of the polariser 11 so that substantially all of the
light is transmitted.
[0040] Figure 7 illustrates the effect of replacing the
spacers 10 in the device shown in Figure 6 with spacers

20 made of an isotropic material. Such a material has
no substantial effect on the polarisation of light so that
the light from the polariser 11 passing through the iso-
tropic spacers 20 is incident upon the quarter waveplate
15 with a polarisation direction of 0°. The effect of the
quarter waveplate 15 is to rotate the polarisation by 150°
upon reflection. Upon passing through the isotropic
spacer 20 for a second time, the polarisation direction
is unchanged. As the light passes through the polariser
11 for a second time, 25 percent of the light is absorbed,
resulting in an overall reflectivity of 37.5%. Thus, a sub-
stantial proportion of light incident on the inter-pixel re-
gions is reflected by any overlap with the mirror elec-
trodes 1 and this reduces the contrast ratio of the device.
However, in the device shown in Figure 6, any overlap
of the spacer walls 10 with the mirror electrode 1 does
not compromise the contrast ratio of the device.
[0041] Figure 8 illustrates an LCD of the type dis-
closed in WO 96/31577 which differs from that shown in
Figure 6 in that the liquid crystal layer 13 is replaced by
a fixed half wave retarder 25 whose optic axis 26 is ori-
ented at 15° to the input polarisation 12 whereas the
fixed quarter wave retarder 15 is replaced by a liquid
crystal layer 23 which acts as a quarter wave retarder
having an optic axis in-plane switching angle of 45° such
that the optic axis of the layer 23 is switchable between
75° and 120° relative to the input polarisation 12. The
spacers 10 are disposed in the liquid crystal layer 23
and comprise fixed quarter waveplates whose optic ax-
es are oriented at 75° to the input polarisation 12.
[0042] In the black state of a pixel, the optic axis of
the liquid crystal is oriented at 75° relative to the input
polarisation 12. The spacers 10 thus have the same op-
tical effect as black liquid crystal pixels so that, if the
spacers 10 overlap with the mirror electrodes 1, reflect-
ed light is substantially extinguished and the contrast
ratio of the device is not substantially compromised. As
shown in Figure 9, if the spacers 10 were replaced by
isotropic spacers 20, any overlap with the mirror elec-
trodes 1 would result in light being reflected from such
overlap region and reducing the contrast ratio of the dis-
play.
[0043] Figure 10 illustrates an LCD of the type dis-
closed in GB 2 318 878 and EP 0 840 160 having a quar-
ter wave liquid crystal layer 23 similar to that shown in
Figure 8 but with its optic axis switchable between 75°
and 90°. The layer 23 contains spacers 10b providing a
quarter wave of retardation with their optic axes oriented
at 75° to the input polarisation 12.
[0044] The LCD of Figure 10 has a layer 13 similar to
that shown in Figure 6 but with its optic axis switchable
between 0° and 15°relative to the input polarisation 12.
The layer 13 contains spacers 10a which likewise pro-
vide a half wave of retardation with their optic axes ori-
ented at 15° to the input polarisation 12.
[0045] The spacers 10a and 10b provide the same re-
tardation and direction of optic axis as the liquid crystal
layers 13 and 23 when in the black state. Thus, any over-
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lap of the spacers with the mirror electrode 1 does not
substantially affect the contrast ratio of the device.
[0046] Figure 11 illustrates a device of the type shown
in Figure 10 but with the anisotropic spacers 10a and
10b replaced by isotropic spacers 20a and 20b. In this
case, any overlap of the spacers with the mirror elec-
trode 1 results in light being reflected out of the display
and compromising the contrast ratio.
[0047] The device shown in Figure 12 has the same
general arrangement as that shown in Figure 8 in that it
comprises a fixed half waveplate 25 and a liquid crystal
layer 23. However, the device of Figure 12 is of the bist-
able twisted nematic (BTN) type, for example as dis-
closed in British patent application no. 9911246.8. In a
first state, the liquid crystal of the layer 23 is untwisted
and has its optic axis oriented at 75° with respect to the
input polarisation 12. The layer 23 thus acts as a quarter
waveplate. When switched to its other stable state, the
liquid crystal of the layer 23 adopts a 360° twisted state
and acts as an isotropic layer i.e. has no retardation.
This corresponds to the white state of the device.
[0048] The spacers 10 comprise quarter waveplates
whose optic axes are oriented in the same direction as
the liquid crystal of the layer 23 when in the black state.
Thus, if the spacers 10 overlap with the mirror electrode
1, any reflected light is extinguished by the polariser 11
and the contrast ratio of the device is not substantially
reduced.
[0049] Figure 13 illustrates a device of the type shown
in Figure 12 with the anisotropic spacers 10 replaced by
isotropic spacers 20. In this case, any overlap of the
spacers 20 with the mirror electrode 1 results in reflected
light being transmitted by the polariser 11, which results
in a reduction of the contrast ratio of the display.
[0050] Figure 14 illustrates part of a conventional fer-
roelectric LCD having an isotropic spacer wall 20 on
which is formed an alignment layer 30. Conventional
rubbing of the alignment layer 30 in the rubbing direction
31 induces a preferred molecular direction in the liquid
crystal layer on the sides of the spacer wall 20. As shown
in Figure 15, the preferred direction tends to bias oppo-
site switched states on opposite sides of the wall. Thus,
to the right of the wall, the black pixel state is biased as
illustrated at 32. On the other side of the wall, the white
state is biased as shown at 33. If the biasing is strong
enough to pin the white state adjacent the wall, this re-
gion must be covered by a black matrix in order to im-
prove the contrast ratio of the display. As described
hereinbefore, this is disadvantageous.
[0051] Figure 16 illustrates a similar arrangement to
that shown in Figure 14 but with an anisotropic spacer
wall 10 whose molecular alignment is illustrated at 35.
In particular, as shown in Figure 17, the molecular align-
ment within the spacer wall 10 corresponds to that of
the liquid crystal in the black state. This results in the
black state being biased in the liquid crystal adjacent the
wall as shown at 36 and 37 in Figure 17. It is not there-
fore necessary for the black mask to be extended be-

cause biasing or pinning of the black state does not com-
promise the contrast ratio of the device.
[0052] Although described with reference to a ferroe-
lectric LCD, the same effect may also be used in BTN
LCDs.
[0053] In the embodiments described hereinbefore, if
the birefringence of the spacer is different from that of
the liquid crystal material, then the thickness of the spac-
er and the liquid crystal layer must be different for them
to act as equivalent optical elements. However, if the
birefringence ∆n1 of the liquid crystal layer 13 is greater
than the birefringence An2 of the spacer 10 as illustrated
in Figure 18, the thickness dl of the liquid crystal layer
13 has to be less than the thickness d2 of the spacer 10
so as to provide the same retardation. In this case, an
isotropic layer 39 is provided adjacent the liquid crystal
layer 13 with a thickness d3 which is substantially equal
to the difference between the thicknesses d2 and dl.
Conversely, if the birefringence of the spacer 10 is great-
er than that of the liquid crystal layer 13 as shown in
Figure 19, an isotropic spacer 40 may be provided ad-
jacent the spacer 10 so as to match the thickness of the
liquid crystal layer 13.
[0054] Although the spacers 10 in the embodiments
described hereinbefore are in the form of continuous
walls, the spacers may have any desired configuration.
For example, Figure 20 illustrates an arrangement in
which the spacers are in the form of dots 10 in a sub-
stantially random pattern so as to avoid diffractive ef-
fects. However, the spacers may be of any desired ar-
bitrary shape.
[0055] The spacers may be made, for example, from
a reactive mesogen, for example available from Merck,
Poole, UK. A reactive mesogen material is a curable liq-
uid crystal material which requires initial alignment in its
uncured state, for example on a polyimide alignment
layer for alignment of liquid crystal cells (an example of
such a layer is that known as X201 available from Chis-
so). A polyimide layer is deposited, cured and rubbed
with a soft cloth prior to spin-coating with a reactive me-
sogen/solvent mixture. The reactive mesogen is aligned
by the rubbed polyimide layer and is then cured using
ultraviolet light
[0056] In one method, the ultraviolet light is supplied
by a collimated source incident on the reactive mesogen
through a photomask for curing the film in selected ar-
eas only. The residual reactive mesogen material is then
removed by flushing with a suitable solvent.
[0057] In another method, the whole reactive mes-
ogen film is cured by ultraviolet irradiation and is then
patterned. An advantage of this is that more convention-
al techniques leading to improved resolution of the spac-
ers are used. The cured reactive mesogen film is coated
with a photoresist which is exposed and developed to
form a desired pattern. The pattern is then copied into
the underlying reactive mesogen film using an oxygen
plasma reactive ion etching process. Accurate transfer
of high resolution features with controllable profile of the
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spacers may thus be achieved.
[0058] Figure 21 shows another BTN device which
differs from that shown in Figure 12 in several respects.
The half waveplate 25 has an optic axis 26 oriented at
6.9° to the input polarisation 12. A further half waveplate
25' is disposed between the half waveplate 25 and the
liquid crystal layer 23 and has an optic axis 26' oriented
at 34.5° to the input polarisation 12. The orientations of
the optic axes 26 and 26' may be varied from these spe-
cific values but the orientation of the optic axis 26' should
be substantially five times the orientation of the optic ax-
is 26.
[0059] The liquid crystal layer 23 forms a quarter
waveplate and is switchable between first and second
states. In the first state corresponding to maximum light
attenuation or the dark state of the device, the layer 23
has an optic axis oriented at 100° to the input polarisa-
tion 12. The spacers 10 similarly provide a quarter wave
retardation and have optic axes oriented at 100° to the
input polarisation 12. In the second state, the liquid crys-
tal layer 23 has a twist of 360° (in either direction). This
corresponds to the bright state of the device for maxi-
mum reflection.
[0060] Figure 22 shows another BTN device compris-
ing a retarder with a retardation An.d of 208nm and an
optic axis 26 oriented at 14° to the input polarisation 12.
This device comprises a liquid crystal layer 23 which is
switchable between a first state having a twist angle of
67° corresponding to the dark state and a second state
having a twist angle of -293° or +427° corresponding to
the bright state. In the first state with the 67° twist angle,
the layer 23 provides a retardation ∆n.d of 136nm. In the
67° twist state, the layer 23 has an input optic axis at
the surface thereof nearer the fixed retarder 25 oriented
at 29° to the input polarisation 12. The spacers 10 sim-
ilarly have an input optic axis oriented at 29° to the input
polarisation 12, a twist state of 67° and a retardation of
136nm.
[0061] The embodiments shown in Figures 6, 8, 10,
12, 21 and 22 are merely examples of configurations
which may be used in accordance with the present in-
vention. Many other configurations are possible. For ex-
ample, in the case of BTN devices, the present invention
may be used with all of the embodiments described in
British patent application no. 9911246.8, the contents of
which are incorporated herein by reference. In some of
these arrangements, an isotropic 360° twist state is
used to achieve the dark state. Anisotropic spacers with
a 360° twist are optically equivalent to isotropic spacers
and either could be used in such embodiments, al-
though it may be beneficial for a 360° dark state to be
biased in the liquid crystal adjacent the spacers.

Claims

1. A liquid crystal device comprising: a liquid crystal
layer (13, 23) containing a plurality of pixels sepa-

rated by interpixel gaps, each of the pixels having
a first optical state resulting in maximum light atten-
uation, characterised by at least one spacer (10,
10a, 10b) disposed in the interpixel gaps and having
substantially the same optical property as the first
pixel optical state.

2. A device as claimed in claim 1, characterised in that
the at least one spacer (10, 10a, 10b) comprises a
plurality of pillars.

3. A device as claimed in claim 1, characterised in that
the at least one spacer (10, 10a, 10b) comprises a
plurality of walls.

4. A device as claimed in claim 3, characterised in that
the walls (10, 10a, 10b) are continuous.

5. A device as claimed in claim 4, characterised in that
the walls (10, 10a, 10b) enclose the pixels.

6. A device as claimed in claim 5, characterised in that
the walls (10, 10a, 10b) fill the interpixel gaps.

7. A device as claimed in any one of the preceding
claims, characterised in that the optical property
comprises changing the polarisation of light.

8. A device as claimed in claim 7, characterised in that
the optical property comprises retardation with a
predetermined optic axis orientation.

9. A device as claimed in claim 8, characterised by a
linear polariser (11) for transmitting light with a first
direction (12) of linear polarisation, a reflector (1),
a half waveplate (13, 25) disposed between the po-
lariser (11) and the reflector (1) and a quarter wave-
plate (15, 23) disposed between the half waveplate
(13, 25) and the reflector (1), the liquid crystal layer
(13, 23) comprising one or both of the half wave-
plate (13, 25) and the quarter waveplate (15, 23).

10. A device as claimed in claim 9, characterised in that
the liquid crystal layer (13, 23) is of the in-plane
switching type and the at least one spacer (10, 10a,
lOb) has the same retardation as the liquid crystal
layer (13, 23) and an optic axis oriented in the same
direction as the liquid crystal layer (13, 23) in the
first optical state.

11. A device as claimed in claim 10, characterised in
that the liquid crystal of the layer (13, 23) is a smec-
tic liquid crystal.

12. A device as claimed in claim 11, characterised in
that the liquid crystal is a ferroelectric liquid crystal.

13. A device as claimed in any one of claims 10 to 12,
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characterised in that the liquid crystal layer compris-
es the half waveplate (13) whose optic axis is
switchable between -7.5° and +15° to the first di-
rection (12), the at least one spacer (10) has an op-
tic axis at +15° to the first direction (12), and the
quarter waveplate (15) has an optic axis (16) at
+75° to the first direction (12).

14. A device as claimed in any one of claims 10 to 12,
characterised in that the liquid crystal layer compris-
es the quarter waveplate (23) whose optic axis is
switchable between 75° and 120° to the first direc-
tion (12), the at least one spacer (10) has an optic
axis at 75° to the first direction (12), and the half
waveplate (25) has an optic axis at 15° to the first
direction (12).

15. A device as claimed in any one of claims 10 to 12,
characterised in that the liquid crystal layer compris-
es the half waveplate (13) whose optic axis is
switchable between 0° and 15° to the first direction
(12), the at least one spacer (10a) has an optic axis
at 15° to the first direction (12), and the quarter
waveplate comprises a further liquid crystal layer
(23) whose optic axis is switchable between 75°
and 90° to the first direction (12) and at least one
further spacer (lOb) having an optic axis at 75° to
the first direction (12).

16. A device as claimed in claim 9, characterised in that
the liquid crystal of the layer (23) is a nematic liquid
crystal.

17. A device as claimed in claim 16, characterised in
that the liquid crystal layer (23) is a bistable twisted
nematic liquid crystal layer.

18. A device as claimed in claim 17, characterised in
that the liquid crystal layer comprises the quarter
waveplate (23) which is switchable between a 0°
twist state with an optic axis at 75° to the first direc-
tion (12) and a 360° twist state, the at least one
spacer (10) has an optic axis at 75° to the first di-
rection (12) and the half waveplate (25) has an optic
axis at 15° to the first direction (12).

19. A device as claimed in claim 17, characterised in
that the liquid crystal layer comprises the quarter
waveplate (23) which is switchable between a 0°
twist state with an optic axis at 100° to the first di-
rection (12) and a 360° twist state, the at least one
spacer (10) has an optic axis at 100° to the first di-
rection (12), the half waveplate (25) has an optic
axis (26) at α° to the first direction (12), and a further
half waveplate (25') having an optic axis (26') at 5α°
to the first direction (12) is disposed between the
half waveplate (25) and the liquid crystal layer (23).

20. A device as claimed in claim 19, characterised in
that α is 6.9°.

21. A device as claimed in claim 8, characterised by a
linear polariser (11) for transmitting light with a first
direction (12) of linear polarisation, a reflector (1),
and a retarder (25) having a retardation of substan-
tially 208nm and an optic axis (26) at 14° to the first
direction, the liquid crystal layer (23) being disposed
between the retarder (25) and the reflector (1) and
being switchable between a 67° twist state, having
a retardation of substantially 136nm and an optic
axis at a surface of the liquid crystal layer (23) near-
er the retarder (25) at 29° to the first direction (12),
and a -293° or 427° twist state, the at least one
spacer (10) having an optic axis at a surface thereof
nearer the retarder (25) at 29° to the first direction
(12) and a 67° twist state.

22. A device as claimed in any one of claims 8 to 21,
characterised in that the at least one spacer (10)
has an optical anisotropy which is greater than that
of the liquid crystal layer (13, 23) and is provided
with an optically isotropic further spacer (40) such
that the combined thickness of the at least one
spacer (10) and the further spacer (40) is substan-
tially equal to the thickness of the liquid crystal layer
(13, 23).

23. A device as claimed in any one of claims 8 to 21,
characterised in that the liquid crystal layer (13, 23)
has an optical anisotropy which is greater than that
of the at least one spacer (10) and is provided with
an optically isotropic further spacer (39) such that
the combined thickness of the liquid crystal layer
(13, 23) and the further spacer (39) is substantially
equal to the thickness of the at least one spacer
(10).

24. A device as claimed in any one of the preceding
claims, characterised in that the at least one spacer
(10) comprises a cured reactive mesogen.

25. A device as claimed in any one of the preceding
claims, characterised in that the at least one spacer
(10) is arranged to bias the liquid crystal of the layer
(13, 23) in contact therewith to the first optical state.

26. A device as claimed in claim 25, characterised in
that the at least one spacer (10) is optically aniso-
tropic and has a molecular alignment (35) corre-
sponding to the molecular alignment of the liquid
crystal when in the first optical state.

27. A device as claimed in any one of the preceding
claims, characterised by a passive matrix address-
ing arrangement (1, 3) including a set of strip elec-
trodes (1) constituting a or the reflector.
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