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In a normally black double cell, grey scale enhancement is
obtained by dividing pixels in the driving cell into sub-pixels
which are rotated preferably through 180° with respect to
cach other.
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The invention relates to a liquid crystal display
device having, between a polarizer and an analyzer, a first
layer of twisted liquid crystal material with a twisted struc-
ture between two transparent substrates, with pixels being
realized between the substrates, and a compensator layer.
Such display devices are generally used in, for example,
automotive displays, but also in monitors, etc.

[0002] An example of such a display device is shown in,
for example, U.S. Pat. No. 5,287,207. This patent shows a
double cell in which a second cell functions as a compen-
sator in order to obtain an optimum contrast. Although a
satisfactory contrast is obtained in these types of display
devices upon perpendicular passage of the light, it appears
that there is a considerable grey scale inversion in such a
double cell, when viewed at an angle.

[0003] It is, inter alia, an object of the present invention to
reduce or eliminate said grey scale inversion.

[0004] To this end, a display device according to the
invention is characterized in that a pixel comprises at least
two sub-pixels having the same twist and, viewed trans-
versely to the substrates, twist angles which are rotated with
respect to each other. The twist angles, viewed transversely
to the substrates, are rotated substantially 180 degrees with
respect to each other. The effects on the grey scale of one
sub-pixel are then compensated, as it were, by the effects of
the other sub-pixel. Also in the case of rotations different
from 180 degrees, an enhancement is obtained dependent on
the type of usage (for example, in cockpit applications or in
applications where a display device is viewed by different
persons from two directions).

[0005] The twist angles are preferably in the range
between 50 and 100 degrees.

[0006] A first preferred embodiment of a liquid crystal
display device according to the invention is characterized in
that the compensator layer has a twisted structure with a
twist which is opposite to that of the layer of twisted liquid
crystal material. The compensator layer preferably has a
twist angle which is opposite to that of the layer of twisted
liquid crystal material.

[0007] Further enhancements are possible by adding a
retardation layer with an optical axis perpendicular to the
compensator layer.

[0008] Tt is also possible to use negative birefringent
materials such as discotic materials for the compensator
layer.

[0009] These and other aspects of the invention are appar-
ent from and will be clucidated with reference to the
embodiments described hereinafter.

[0010]

[0011] FIG. 1 is a cross-section of a display device
according to the invention,

[0012] FIG. 2 shows diagrammatically some parts of the
display device according to the invention,

[0013] FIG. 3 shows diagrammatically different orienta-
tion directions in the display device of FIG. 1,

In the drawings:
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[0014] FIGS. 4 and 5 show the luminance as a function of
the viewing angle for a double cell without using and using,
respectively, the measure according to the invention, while

[0015] FIG. 6 shows diagrammatically different orienta-
tion directions, and

[0016] FIGS. 7 and 8 show the luminance again as a
function of the viewing angle for a double cell in a display
device with a compensation cell based on discotic material
without using and using, respectively, the measure according
to the invention.

[0017] The drawings are diagrammatic and not drawn to
scale. Corresponding parts are generally denoted by the
same reference numerals.

[0018] The display device of FIG. 1 comprises a first
display cell 10 with a layer 11 of a liquid crystal material
having a positive dielectric anisotropy between transparent
supporting plates 2, 3. On the side of the liquid crystal
material, electrodes 12, 13 defining, for example, a matrix of
pixels are present on the supporting plates 2, 3. The pixels
may be driven directly via row and column electrodes
(positive drive). In this example, the pixels are defined by
overlapping portions of picture electrodes 12 and a counter
electrode 13, in which the picture electrodes are provided
with pixel voltages by switching elements (not shown) via
row and column electrodes (active drive). The drive voltages
(sclection and data signals) are obtained, for example, by
means of a drive circuit 7 which converts incoming infor-
mation 8 into said drive voltages which are applied to the
electrodes 12, 13 via the switching elements (not shown)
(here diagrammatically shown by means of switch 15 in one
of the connection lines 16, 16"). Layers 14 of an insulating
material, which in this example also serve as orienting
layers, are present on the layers 12, 13. The layers 14 give
the liquid crystal molecules a twist angle @, at a voltage of
0 volt across the electrodes 12, 13. The twist angle @, is
between 50° and 100° and, in this example, 90°.

[0019] The device further comprises a compensator layer,
in this example, a second cell 20 with a second layer 21 of
a liquid crystal material having, in this example, also a
positive dielectric anisotropy between two transparent sup-
porting plates 3, 4. The supporting plate 3 is chosen to be
common for both cells 10, 20, but this is not strictly
necessary, although it simplifies the manufacture in which
also the double cell maintains a small total thickness. Layers
24 for insulation and orientation are present on the support-
ing plates 3, 4. The liquid crystal material 21 and the
orienting effect of the layers 24 are chosen to be such that the
liquid crystal molecules acquire a twist angle @, opposed to
®,. The direction of orientation in this example is the same
for the layers 14, 24. The cells 10 and 20 are situated
between a polarizer 6 and an analyzer 5 whose directions of
polarization are mutually crossed perpendicularly.

[0020] According to the invention, parts 14'; of one ori-
entation layer within a pixel are provided in such a way (for
example, via masked rubbing or vapor deposition) that the
direction of orientation is substantially 180° different for the
liquid crystal molecules in the two sub-pixels. This is further
shown in FIG. 2 in which the polarizer 6, parts 14', of an
orientation layer on the supporting plate 2, the orientation
layers 14, 24 on the supporting plate 3, the orientation layer
24 on the supporting plate 4 and the analyzer § are shown
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diagrammatically. The directions of orientation of the parts
14/, of the orientation layer on the supporting plate 2, the
orientation layers 14, 24 on the supporting plate 3 and the
orientation layer 24 on the supporting plate 4 are denoted by
the reference numerals 27', 27", 27, 28 and 29, respectively.
The directions 27, 28 cross each other substantially perpen-
dicularly.

[0021] The absorbing axis 26 of the polarizer 6 extends at
an angle of 0° (180°) to the orientation direction 27' (27") in
this example. Also other angles between the axis 26 and the
direction 27 are possible. The wall orientation of the layers
14, 24 is chosen to be such that the director in the center of
the cell 10 (at 0 volt) is perpendicular to the director in the
center of the cell 20. Due to the division thus chosen, two
twist angles @, are introduced in sub-pixels of the cell 10,
which angles, viewed transversely to the substrates, are
rotated through substantially 180 degrees with respect to
each other. This is shown diagrammatically in FIG. 3. The
twist angles of the sub-pixels are determined by orientation
directions 27', 27 and 27", 27 for the cell 10. In one
sub-pixel, polarized light (polarized in the direction 26 of
polarization of polarizer 6) is twisted through an angle @,
from direction 27' to direction 27 at 0 volt, and in the other
sub-pixel from direction 27" to direction 27. In the second
cell 20 (twist angle —®,), the directions of polarization for
both sub-pixels are twisted back through the same angle
from direction 28 (parallel to direction 27) to direction 29,
so that it does not pass the analyzer § with the pass direction
25 (normally black).

[0022] For the grey scales as a function of the viewing
angle of this double cell, it now holds that it is composed, as
it were, from those of the two sub-pixels. Since these are
symmetrically situated with respect to each other, a sym-
metrical characteristic is obtained. This is shown in FIGS.
4 and 5. FIG. 4 shows the characteristic curve of the
luminance as a function of the viewing angle for a double
cell without said measure (with a twist angle of 60° and
d.An=330 nm) for different drive voltages. Grey scale inver-
sion already starts at a viewing angle of 20° and occurs for
all grey values. FIG. § shows this characteristic curve for a
double cell, using said measure. Grey scale inversion now
starts at viewing angles of more than 50° and then only for
some grey values.

[0023] In the device shown diagrammatically in FIG. 6,
the twist angle @, of the cell 10 is 90° and d.An=400 nm. In
this example, the second cell 20 has a second layer 21 of a
liquid crystal material with a negative dielectric anisotropy.
The orienting effect of the layers 24 is chosen to be such that
the liquid crystal molecules acquire a twist angle of -®,.
Such a cell 20 is obtained, for example, by choosing a
discotic liquid crystalline material for the liquid material. In
this example, the layer 21 is liquid but it may also consist of
a polymerized liquid crystalline material. The orientation
layers 24 are adapted in such a way that the directors of the
discotic molecules acquire an orientation direction 28 at the
area of substrate 3, transverse to the orientation direction 27
of the (calamatic) molecules at the area of substrate 3.
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[0024] FIG. 7 shows for this double cell the luminance as
a function of the viewing angle for a double cell comprising
a compensation cell 20 which is based on a discotic material,
without using said measure, and for different drive voltages,
and FIG. 5 shows the characteristic curve for such a double
cell, using the measure according to the invention.

[0025] The invention is of course not limited to the
examples shown. For example, the compensation cell 20
may comprise a foil of polymerized liquid crystal with a
twisted (director) structure instead of a liquid crystal mate-
rial.

[0026] In summary, the invention yields an improvement
of the grey scale in “normally black” double cells by
dividing a pixel in the cell to be driven into sub-pixels which
are rotated preferably through 180° with respect to cach
other.

[0027] The invention resides in each and every inventive
characteristic feature and each and every combination of
characteristic features.

1. A liquid crystal display device having, between a
polarizer and an analyzer, a first layer of twisted liquid
crystal material with a twisted structure between two trans-
parent substrates, with pixels being realized between the
substrates, and a compensator layer, characterized in that a
pixel comprises at least two sub-pixels having the same twist
and, viewed transversely to the substrates, twist angles
which are rotated with respect to each other.

2. A liquid crystal display device as claimed in claim 1,
characterized in that, the twist angles have a value of
between 50° and 100°.

3. A liquid crystal display device as claimed in claim 1,
characterized in that viewed transversely to the substrates,
the twist angles are rotated through substantially 180° with
respect to each other.

4. A liquid crystal display device as claimed in claim 1,
characterized in that the compensator layer has a twisted
structure with a twist which is opposite to that of the layer
of twisted liquid crystal material.

5. A liquid crystal display device as claimed in claim 4,
characterized in that the compensator layer has a twist angle
which is opposite to that of the layer of twisted liquid crystal
material.

6. A liquid crystal display device as claimed in claim 1,
characterized in that the compensator layer comprises at
least a retardation layer with an optical axis perpendicular to
the compensator layer.

7. A liquid crystal display device as claimed in claim 1,
characterized in that the compensator layer comprises a
negative birefringent material.

8. A liquid crystal device as claimed in claim 1, charac-
terized in that the compensator layer comprises a liquid
crystal material with a twisted structure.
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