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(54) LIQUID CRYSTAL INFORMATION &) ABSTRACT
DISPLAYS The invention pertains to information displays, in particular
76 to liquid-crystal (LC) displays that can be used in indicatory
(76) Taventor: Pavel L. Lazarev, Belmont, CA (US) devices of various types as well as in optical modulators,
matrix systems of light indication, etc.
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The LC information display contains a layer of liquid crystal
EIIE%I;%&{TOII:II]‘}I? CH TEST ALBRITTON & situated between the front and the rear panels with func-
: tional layers, and the liquid crystal has parameters providing
Suite 3400 interference maximum or minimum of transmission or
Four Embflrcadero Center reflection at the exit of the display and/or at the boundary of
San Francisco, CA 94111-4187 (US) at least two functional layers and/or between the LC layer
and a functional layer, for at least one linearly polarized
component of light, and for at least one wavelength.
(21) Appl. No.: 10/006,166 ) ; o
The technical result of the declared invention is the enhance-
(22) Filed: Dec. 4, 2001 ment of brightness and contrast of the image, especially for
the light traveling normal to the surface of the display,
decrease of thickness and simplification of the display
(30) Foreign Application Priority Data design due to optimization of all or at least several functional
layers and elements of the display and also due to incorpo-
Dec. 6,2000  (RU) oo RU 2000130482 ration of several functions in single layer, the decrease in
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losses and enhancement of optical characteristics of the
display. Use of the declared invention allows optimizing
transmission of light through optically anisotropic func-
tional layers of the display, which leads to substantial
increase of its effectiveness.
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LIQUID CRYSTAL INFORMATION DISPLAYS

RELATED APPLICATIONS
[0001] This application claims priority to Russian Federa-
tion Application No. RU 2000130482 filed Dec. 6, 2000.
BACKGROUND
[0002] 1. Field
[0003] The invention pertains to information displays, in

particular to liquid crystal displays, and can be used in the
indication devices of various function, as well as in optical
modulators, matrix systems of light indication, etc.

[0004]

[0005] There are known liquid crystal information dis-
plays, implemented as a flat cell formed by two parallel glass
plates, on the internal sides of which there are electrodes
made out of optically transparent electrically conducting
material, for example indium dioxide or tin oxide. The
internal surface of the plates with electrodes undergoes a
special processing to align the liquid crystal material. After
assembling the cell, it is filled with liquid crystal, which
forms a layer of 5-20 um, which constitutes the active
medium which changes its optical properties (the angle of
rotation of the polarization plane) under the influence of
electric field. The change of optical properties is registered
in the cross-oriented polarizers, which are affixed on the
outer surfaces of the cell.

[0006] The general drawback of devices of this kind is low
brightness, low contrast and quite high energy consumption.
The structure of other known displays comprises large
number of layers of substantial thickness, which have sub-
stantially different refraction coefficients. In each of these
there are substantial losses of light due to absorption, as well
as due to reflection at the boundary between the layers. In
addition, the known devices have limited viewing angle.

[0007] The closest prior art is the liquid crystal informa-
tion displays implemented as a flat cell comprising two flat
parallel plates forming the display panels. The characteristic
of the known displays is the substantial simplification of
design due to fewer layers used in the display, the decrease
of their thickness, the possibility of using internal polarizers
and the possibility of incorporating the functions of several
layers in a single layer. Thus for example, a layer of polarizer
obtained from oriented supramolecular complexes of a dich-
roic dye and formed on the internal surface of the panel can
simultaneously serve the function of the polarizer itself as
well as the function of liquid crystal alignment layer; and
besides the technology of obtaining this kind of layers
implies obtaining very thin films of high quality and high
optical characteristics.

[0008] The drawback of the known displays is their low
brightness and low contrast, which is due to the absence of
optical coordination of all elements in the system, which
leads to substantial losses.

2. Description of the Related Art

SUMMARY

[0009] The object of the invention is to provide an infor-
mation display which features optical coordination of all or
at least several functional elements (layers) of the multi-
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layered structure with the purpose of optimization of light
transmission through the device.

[0010] Technical result of the claimed invention is an
increase of brightness and contrast of an image, especially
for the light traveling normal to the display’s surface,
decrease of thickness and simplification of display design by
optimization of all or at least several functional layers and
elements of the display and by combining several functions
in a single layer, lowering losses and enhancing optical
characteristics of the display. Use of the claimed invention
allows optimizing transmission of light through optically
isotropic and anisotropic functional layers of the display,
which leads to substantial increase of its effectiveness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other objects of the invention
will be more clearly understood from the following descrip-
tion when read in conjunction with the accompanying draw-
ings of which:

[0012] FIG. 1 schematically illustrates the general prin-
ciples of operation of a liquid crystal display.

[0013] FIG. 2 is a cross-sectional view of a transmission
display in accordance with one embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] FIG. 1 represents a structure with at least one
liquid crystal layer 2 which changes its optical characteris-
tics upon the application of an external electrical field. The
device contains polarizers 3 and 4, and may contain other
functional elements or layers. A beam of light 5 incident on
the boundary between the layers with different refractive
indices splits into a beam 5, which is transmitted through the
layers and beams 5, 5", 5™ and 5" reflected at the bound-
aries of materials having different refractive indices. With
the selection of optical properties and thickness of each
functional layer (considering the two states of the liquid
crystal material with and without applied electric field) one
can achieve reduction of light of one polarization while
enhancing light of the other polarization.

[0015] Technical result of the invention is achieved by the
fact that in the liquid crystal information display, containing
a layer of liquid crystal between the front and the rear panels
with the functional layers. The layer of liquid crystal has the
parameters providing interference maximum or minimum of
transmission or reflection at the exit of the display and/or at
the boundary of at least two functional layers, and/or at the
boundary between the liquid crystal layer and a functional
layer, for at least one linearly polarized component of light,
and for at least one wavelength. In the capacity of the
functional layers, the display may contain at least one layer
of polarizer and/or at least one electrode layer and/or at least
one alignment layer and/or at least one planarization layer
and/or at least one retarder layer and/or at least one anti-
reflective layer and/or at least one light-reflecting layer
and/or at least one color filter layer and/or at least one
protective layer and/or at least one layer simultaneously
functioning as at least two of the above listed layers. At least
one electrode layer and/or at least one alignment layer
and/or at least one planarization layer and/or at least one
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anti-reflective layer and/or at least one light-reflecting layer
and/or at least one color filter layer and/or at least one layer
simultaneously functioning as at least two of the above listed
layers may be anisotropic. Interference maximum or mini-
mum of transmission or reflection at the exit of the display
and/or at the boundary of at least two functional layers can
be provided with and/or without the presence of voltage bias
on the electrode layer. Optical thickness of at least one
functional layer can provide the interference maximum or
minimum of transmission or reflection at the exit of the
display and/or at the boundary of at least two functional
layers and/or elements. The number and parameters of all
layers in the display may be coordinated in order to provide
the interference maximum or minimum of transmission or
reflection at the exit of the display. At least one polarizer
may be implemented as the internal one. At least one
optically anisotropic layer may be an oriented film of
organic dye of the formula:

{K(M)n,

[0016] where, K—the dye, chemical formula of which
contains ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form the
lyotropic liquid-crystal phase, M—anti-ion, n—the amount
of anti-ions in the dye molecule, which may be a fraction in
the case when one anti-ion belongs to several molecules, and
in the case when n>1 anti-ions may be different. At least one
optically anisotropic layer may be a crystalline film.

[0017] Electromagnetic wave incident on the boundary
between two mediums is divided into the wave transmitted
into the second medium and the wave reflected from the
boundary. For liquid crystal information displays, radiation
reflected at the boundaries between functional layers will
constitute a loss leading to worsening of the quality of a
display. The fraction of energy in the reflected wave will be
determined by the ratio of the refraction coefficients of the
two mediums. In a complicated device with large number of
layers having substantially different refraction coefficients,
the losses of energy due to reflection may reach substantial
amounts. Besides that, for the reflective liquid crystal dis-
plays, radiation reflected from the boundaries between the
functional layers will lead to glare, which will substantially
worsen displaying contrast.

[0018] With the choice of optical thickness of each func-
tional layer (optical difference of travel in reflected rays) one
can attain the effect of “anti-reflection”, where the interfer-
ence of the reflected rays will lead to an increase of the
fraction of energy of the transmitted light.

[0019] Since liquid crystal display is optically anisotropic,
i.e. sensitive to the chosen polarization of light, optimization
of the display, the choice of the layers’ optical thickness
should be performed for each direction of polarization.
Besides that, liquid crystal display has two substantially
different states: with and without the presence of voltage
bias on the electrodes. Therefore, liquid crystal information
displays can be considered as polarization-phase multi-layer
display with a dynamic element (liquid crystal). Calculation
of optical thickness and the sequence of layers is performed
using known algorithms. Since the known algorithms are
applicable for isotropic systems, while the system includes
optically anisotropic layers, during calculation of parameters
for anisotropic layers using the known algorithms one uses
corresponding refraction coefficients for each polarization
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state - open and closed state of liquid crystal. Two values of
optical thickness are determined for each layer. The required
value of optical thickness of each layer is determined from
the obtained interval. Effectiveness of the device is used as
the criteria for optimization of the optical thickness.

Example of Embodiment

[0020] Letus consider, for example, a transmissive liquid
crystal display. It consists of two plates, which can be made
out of glass, plastic or other transparent material. On the
internal surface of these plates facing the layer of nematic
liquid crystal, one applies transparent electrodes. Over the
transparent electrodes one applies polarizing films of poly-
mer or other material, which smooth out the relief and give
the entire surface of the plate uniform properties. Polarizing
coatings are applied onto these films with their optical axes
oriented mutually perpendicular. The polarizing coatings
align the molecules of nematic liquid crystal. The plates and
functional layers define panels on each side of the liquid
crystal material.

[0021] For the purpose of color compensation in an liquid
crystal display with super twist nematic (STN), one addi-
tionally introduces an optically anisotropic layer with a
predetermined optical thickness situated on the second plate.

[0022] FIG. 2 is a cross-sectional view of a display in
accordance with one embodiment of the present invention.
The display’s layer’s materials and thickness are selected to
provide maximum brightness and contrast of the displayed
image. Referring to the Figure, the positioning of the func-
tional layers in the display is symmetrical relative to the
liquid crystal layer 12. In one embodiment, the display cell
had spaced parallel glass plates 7 having a thickness of 1.1
mm and refractive index n=1.5, layers of ITO material 8
with thickness of 0.08 um and refractive index n=1.85,
transparent layers of S$i0,9 with thickness of 0.1 um and
refractive index n=1.75, optically anisotropic layers 10
which are aligned films of blue-violet composition in the
weight ratio of 3.2 (Optiva, Inc., 377 Oyster Point Blvd,,
#13, South San Francisco, Calif. 94080 V017) with thick-
ness of 0.4 um and having optical parameters n =1.91,
n.1.48, k;0.722, films of polyimide 11 with thickness of (.04
um and refractive index n=1.52 and the layer of liquid
crystal material (MLC-6806-000 twisted by 240°

[0023] Besides that, one could introduce additional layers
into the display, optically isotropic or anisotropic to provide
the interference maximum or minimum of transmission or
reflection at the exit of the display. This could be the
anti-reflective coating of the surface of the plates, as well as
thin films between functional layers. Using anisotropic
layers obtained from solutions of dichroic dyes capable of
forming lyotropic liquid crystal phase in the capacity of
polarizers and retarder films allows obtaining films with
thickness of 0.6-1.2 micrometers. The layer of liquid crystal
may be chosen to be 1-10 micrometers thick. Calculation of
the number of layers in the display and the choice of
materials (optical parameters) for each layer is performed
using known algorithms for calculating multi-layer interfer-
ence systems. It is preferred that parameters of the system
allow maximum transmission when there is no voltage bias
on the electrodes and minimum transmission when there is
a voltage bias applied.



US 2002/0105608 Al

[0024] 1In order to enhance spectral characteristics of the
display, the amount of layers is increased, which leads to an
increase of over-all thickness of the display.

[0025] Calculation and design of the reflective liquid
crystal display, which provides interference maximum or
minimum of transmission or reflection at the exit of the
display, are performed analogously to the above. In the
reflecting variant of the display the second plate can be made
out of transparent as well as non-transparent material. Light-
reflecting layer, for example aluminum mirror, is then
formed on it. The film of aluminum can simultaneously be
the continuous electrode. Using photolithography one can
etch aluminum to obtain narrow lines 10-100 micrometers
wide along the desired path in order to obtain electrodes of
the desired configuration. Polarizing coating is applied
directly on the reflecting coating or the planarization layer.

1. A liquid crystal information display comprising a layer
of liquid crystal material between panels of functional layers
in which the layer of liquid crystal material has parameters
providing at least one interference maximum or minimum of
transmission or reflection for at least one linearly polarized
component of light at at least one wavelength reflected or
transmitted at the exit of the display and/or at the boundary
between at least two functional layers and/or the layer of
liquid crystal material and a functional layer.

2. A liquid crystal information display according to claim
1, wherein in the capacity of functional layers the display
contains at least one layer of polarizer and/or at least one
electrode layer and/or at least one alignment layer and/or at
least one planarization layer and/or at least one retarder layer
and/or at least one anti-reflective layer and/or at least one
light-reflecting layer and/or at least one color filter layer
and/or at least one protective layer and/or at least one layer
simultaneously functioning as at least two of the above listed
layers.

3. Aliquid crystal information display according to any of
claims 1 to 2, wherein at least one electrode layer and/or at
least one alignment layer and/or at least one planarization
layer and/or at least one anti-reflective layer and/or at least
one light-reflecting layer and/or at least color filter layer
and/or at least one layer simultaneously functions as at least
two of the above listed layers is anisotropic.

4. A liquid crystal information display according to claim
1 or 2, wherein the interference maximum or minimum of
transmission for the reflected or transmitted light at the exit
of the display and/or at the boundary between at least two
functional layers is provided with and/or without voltage
bias on the electrode layer.

5. A liquid crystal information display according to claim
3, wherein the interference maximum or minimum of trans-
mission for the reflected or transmitted light at the exit of the
display and/or at the boundary between at least two func-
tional layers is provided with and/or without voltage bias on
the electrode layer.

6. A liquid crystal information display according to claim
T or 2, wherein the optical thickness of at least one functional
layer provides the interference maximum or minimum of
transmission at the exit of the display and/or at the boundary
of at least two functional layers.

7. A liquid crystal information display according to claim
3, wherein the optical thickness of at least one functional
layer provides the interference maximum or minimum of
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transmission at the exit of the display and/or at the boundary
of at least two functional layers.

8. A liquid crystal information display according to claim
4, wherein the optical thickness of at least one functional
layer provides the interference maximum or minimum of
transmission at the exit of the display and/or at the boundary
of at least two functional layers.

9. Aliquid crystal information display according to claim
5, wherein the optical thickness of at least one functional
layer provides the interference maximum or minimum of
transmission at the exit of the display and/or at the boundary
of at least two functional layers.

10. A liquid crystal information display according to
claim 1 or 2, wherein the number and parameters of all
layers in the display are coordinated so as to provide the
interference maximum or minimum of transmission at the
exit of the display.

11. Aliquid crystal information display according to claim
3, wherein the number and parameters of all layers in the
display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

12. A liquid crystal information display according to
claim 4, wherein the number and parameters of all layers in
the display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

13. A liquid crystal information display according to
claim 5, wherein the number and parameters of all layers in
the display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

14. A liquid crystal information display according to
claim 6, wherein the number and parameters of all layers in
the display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

15. A liquid crystal information display according to
claim 7, wherein the number and parameters of all layers in
the display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

16. A liquid crystal information display according to
claim 8, wherein the number and parameters of all layers in
the display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

17. A liquid crystal information display according to
claim 9, wherein the number and parameters of all layers in
the display are coordinated so as to provide the interference
maximum or minimum of transmission at the exit of the
display.

18. A liquid crystal information display according to
claim 1 or 2, wherein at least one polarizer is an internal one.

19. A liquid crystal information display according to
claim 3, wherein at least one polarizer is an internal one.

20. A liquid crystal information display according to
claim 4, wherein at least one polarizer is an internal one.

21. A liquid crystal information display according to
claim 5, wherein at least one polarizer is an internal one.

22. A liquid crystal information display according to
claim 6, wherein at least one polarizer is an internal one.

23. A liquid crystal information display according to
claim 7, wherein at least one polarizer is an internal one.
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24. A liquid crystal information display according to
claim 8, wherein at least one polarizer is an internal one.
25. A liquid crystal information display according to
claim 9, wherein at least one polarizer is an internal one.
26. A liquid crystal information display according to
claim 10, wherein at least one polarizer is an internal one.
27. A liquid crystal information display according to
claim 11, wherein at least one polarizer is an internal one.
28. A liquid crystal information display according to
claim 12, wherein at least one polarizer is an internal one.
29. A liquid crystal information display according to
claim 13, wherein at least one polarizer is an internal one.
30. A liquid crystal information display according to
claim 14, wherein at least one polarizer is an internal one.
31. A liquid crystal information display according to
claim 15, wherein at least one polarizer is an internal one.
32. A liquid crystal information display according to
claim 16, wherein at least one polarizer is an internal one.
33. A liquid crystal information display according to
claim 17, wherein at least one polarizer is an internal one.
34. A liquid crystal information display according to
claim 3, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
35. A liquid crystal information display according to
claim 4, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
36. A liquid crystal information display according to
claim 5, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
37. A liquid crystal information display according to
claim 6, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,
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where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
38. A liquid crystal information display according to
claim 7, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
39. A liquid crystal information display according to
claim 8, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
40. A liquid crystal information display according to
claim 9, wherein at least one optically anisotropic layer is an
oriented film of organic dye of the formula:

{K}(M)n,
where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
41. A liquid crystal information display according to
claim 10, wherein at least one optically anisotropic layer is
an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
42. A liquid crystal information display according to
claim 11, wherein at least one optically anisotropic layer is
an oriented film of organic dye of the formula:

{K}H(M)n,
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where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

43. A liquid crystal information display according to

claim 12, wherein at least one optically anisotropic layer is

an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

44. A liquid crystal information display according to

claim 13, wherein at least one optically anisotropic layer is

an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

45. A liquid crystal information display according to

claim 14, wherein at least one optically anisotropic layer is

an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

46. A liquid crystal information display according to

claim 15, wherein at least one optically anisotropic layer is

an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.
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47. A liquid crystal information display according to

claim 16, wherein at least one optically anisotropic layer is
an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

48. A liquid crystal information display according to

claim 17, wherein at least one optically anisotropic layer is
an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

49. A liquid crystal information display according to

claim 18, wherein at least one optically anisotropic layer is
an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

50. A liquid crystal information display according to

claim 19, wherein at least one optically anisotropic layer is
an oriented film of organic dye of the formula:

{K}(M)n,

where K—the dye, chemical formula of which contains
ionogenic group or groups, same or different, which
provide its solubility in polar solvents in order to form
lyotropic liquid-crystal phase, M—the anti-ion, n—the
number of anti-ions in the dye molecule, which may be
a fraction when one anti-ion belongs to several mol-
ecules, and in the case when n>1 the anti-ions may be
different.

51. A liquid crystal information display according to

claim 3 wherein at least one optically anisotropic layer is a
crystalline film.



THMBW(EF) RS

Sl

==
ESSTRIN

oif

K (BE)S US20020105608A1
HRiES US10/006166

(BRI E (TR A(E) R FIRPAVELE
BRiE (TR A(F) I HL 5 RPAVEL I.

HARBEEARAGE) BREIHRA24HE

patsnap

“E)R 2002-08-08
FRiEH 2001-12-04

[#RI &8 A LAZAREV PAVEL |

KREBA LAZAREV, PAVEL I.

IPCHE& GO02F1/13 GO2F1/1335

CPCH¥%k= G02F1/133502 Y10T428/10 Y10T428/1041 Y10T428/1036
R 2000130482 2000-12-06 RU

H A0 FF Sk US7132138

SNERaE Espacenet USPTO

BEGR)

FEASREEETRSR  AHERATATENXENEREEUAR AL
FEE  KETERREENRSR (LC) ERFLCERETRITE—R
UTHERMNEERCEANEENEENRSE , FERBEREL RS
HEOLN/REZDT N UNEENDRLRETSRAHBNEH IR
SHSBAN/HELCENUEEZH , HTFED - NEMERIRE KT EM
EL—NEK. FIEHRNERANRRARZRBEREBOTENNLLE
BIRNTEET R RHRREAENE , ATRICEBRED L8
R/ NEEMECERRRITERBNENTHURBTERRTES
BT, B TRFEH BB T R RBOAZRMN, EAMFANKSA
AWERERBHAFEEOFMUERERCKNEN  XSBHEARM
HEEE I,

vy, 7,7 oy

Y Y Y

FEIITiTT FEIFIEFTIIi 77 FEEPEI i IE T PTI7 7777727 77
e /tllll/l//;fl'///fII./////I;‘II//."II//I///-‘II'//'/I’Z;/I/I'f

L

T TR T R T T T T T 777 I I T T T T T 770 I F T T T T T i a7 T 77T,
m/,/rn/mm/fm/;m/f{/ﬂ//m//rr.rmu/;f /‘///f/’/';f;t‘//t{f///'r‘f/‘/'

%%%%%%%i%%%%%
7
AN RN

7
§
9
10
1l

— 12


https://share-analytics.zhihuiya.com/view/339f4b29-4c88-4836-aca2-18f464f5f9fa
https://worldwide.espacenet.com/patent/search/family/020242995/publication/US2002105608A1?q=US2002105608A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020105608%22.PGNR.&OS=DN/20020105608&RS=DN/20020105608

