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(57) ABSTRACT

A liquid crystal display is provided which comprises front
and rear panels, and electrodes, polarizers and a layer of
liquid crystal disposed between the front and rear panels.
The polarizer on the rear panel is preferably a reflecting type
in at least one region of the spectrum and contains at least
one clement in the form of a multilayer structure. The
multilayer structure contains at least two anisotropic layers
separated by at least one intermediate layer which is opti-
cally transparent in the desired spectral region. The ratio of
refraction indices and thickness of the layers in the multi-
layer structure is chosen such to provide an extremum for the
ratio of the transmitted and reflected polarized light in the
spectral region.
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LIQUID CRYSTAL DISPLAY WITH REFLECTING
POLARIZER

FIELD OF THE INVENTION

[0001] The present invention relates generally to devices
of displaying information, and in particular to liquid crystal
displays (LCDs).

BACKGROUND OF THE INVENTION

[0002] There are known displays embodied in flat
cuvettes. A cuvette is usually formed by two parallel glass
plates, on the inner sides of which are electrodes made from
optically transparent conducting materials, and alignment
layers. After assembly of the cuvette, the cuvette is filled
with a liquid crystal material which forms a layer having
thickness ranging from 5 to 20 um. The liquid crystal
material is an active medium that changes its optical prop-
erties such as angle of rotation of polarization plane under
the influence of an electric field. Variations of optical
properties are viewed in the crossed polarizers, which are
usually glued on the external surfaces of the cuvette. The
areas of the display where electrodes are not electrically
charged transmit light and look bright, while the areas under
voltage look dark (L. K. Vistin. JVHO, 1983, vol. XXVII,
ed. 2, pp. 141-148).

[0003] In reflecting displays, a mirror or reflector is pro-
vided behind the L.C cuvette so that the incident light passes
through the cuvette twice. Formation of an image is per-
formed analogously to the transmission displays (Pochi Yeh,
Claire Gu, Optics of liquid Crystal Displays, N.-Y., 1999,
p.p. 233-237).

[0004] The main drawback of traditional displays is the
small observation angle since lights propagate towards the
front surface of the multiplayer L.C display only within the
limits of a confined cone angle. Such displays usually use
absorbing polarizers based on a polymer such as polyvinyl
alcohol having optical anisotropy, which can be obtained via
monoaxial stretching of the film of this polymer as described
in U.S. Pat. No. 5,007,942, and subsequent dyeing of the
film in iodine fumes or in an organic dye. Thus the ellipsoids
of angular dependence of the real and imaginary parts of
refraction index of the polarizer have stretched-out (needle-
like) shape.

[0005] The traditional displays also have relatively low
brightness, low contrast and high power consumption due to
the large number of absorbing layers.

[0006] Color displays usually have the same design
wherein color filters are used. Each pixel of a color image is
formed via mixing of three colors (red, blue and green) in a
proper ratio (Nikkei Electronics, 1983,5-23, p.p. 102-103).
Using absorbing filters may cause additional light losses in
the device and as a consequence increase energy consump-
tion.

[0007] There are known LC displays where the polarizer
layer is obtained from aligned supramolecular complexes of
a dichroic dye. Such polarizers have high optical character-
istics and small thickness, which allows their placement
inside the display. This simplifies the design and increases
durability of the display. In addition, the fabrication tech-
nology of such layers allows combining several functions in
a single layer (for example polarizing and LC aligning) (RU
2120651, Apr. 15, 1996).
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[0008] WO 99/31535 describes a L.C indicatory element
which incorporates a polarizer containing a birefringent
anisotropically absorbing layer having a refraction index
that increases with the increase of the wavelength of incident
light. In particular, such polarizer may be obtained from
LLC dichroic dye and may have certain thickness to estab-
lish interference extremum on at least one side of the
polarizer. The above noted patent application also describes
a reflecting polarizer.

[0009] One of the drawbacks of using such polarizers for
color display is that they reflect light in a wide spectral range
which leads to smeared colors. In addition, further devel-
opment of display technology requires better optical char-
acteristics of polarizing elements, particularly increased
viewing angle at which there is an efficient light transfor-
mation.

SUMMARY OF THE INVENTION

[0010] Accordingly, one object of the present invention is
to provide a display that has increased display brightness,
spectrally clean color images, and is capable of creating
white, black and color components in an image to increase
the contrast and richness of the image, and has increased
observation angle of the display.

[0011] These and other objects are achieved by the liquid
crystal display of the present invention which comprises
front and rear panels, and electrodes, polarizers and a layer
of liquid crystal disposed between the front and rear panels.
The polarizer on the rear panel is preferably a reflecting type
in at least one region of spectrum and contains at least one
element in form of a multilayer structure. The multilayer
structure contains at least two anisotropic layers separated
by at least one intermediate layer which is optically trans-
parent in the desired spectral region. The ratio of refraction
indices and thickness of the layers in the multilayer structure
is chosen such to provide an extremum for the ratio of
transmitted and reflected polarized lights in the spectral
region.

BRIEF DESCRIPTION OF DRAWINGS

[0012] The invention will be better understood from the
following description when read in connection with the
accompanying drawings, in which:

[0013] FIG. 1 is a schematic sectional view of a liquid
crystal display having internal polarizers according to one
embodiment of the present invention.

[0014] FIG. 2 is a partial sectional view of the liquid
crystal display of FIG. 1 showing the details of a multilayer
reflecting polarizer.

[0015] FIG. 3 is a graph illustrating spectral characteris-
tics of the liquid crystal display according to one embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] The LC display of the present invention shown in
FIG. 1 includes front and rear panels 1 and 2 with functional
layers such as electrodes, polarizing layer, adhesion layer
and a layer of liquid crystal 3 disposed between the front and
rear panels. On the inner side of the front panel 1 is a thin



US 2003/0071939 Al

crystalline film 4 functioning as a dichroic polarizer. The
crystalline film 4 may be formed according to the method
described below from LLC containing 12.5% mixture of
dyes (Vat Blue 4; bis-benzimidazole-[2,1-a:1'2'b"]anthra[ 2,
1,9-def:6,5,10d'e'f' [diisoquinoline-6,9-dion; Vat Red 15 in
the ratio 5.2:2:1). The LLC is transferred into an insoluble
form after being treated with Barium ions. The thickness of
the crystalline film 4 is about 100 nm. Since the crystalline
film 4 is a highly ordered anisotropic film, it may simulta-
neously work as an alignment layer for the LC display.

[0017] On the internal surface of the rear panel 2 is
provided a reflecting polarizer 5 have a multilayer structure.
The rear panel 2 is also provided with an absorbing layer 6
on the outer surface of the rear panel 2.

[0018] The reflecting polarizer 5 consists of three layers as
shown in FIG. 2: starting from the rear panel 2 of the
display, a crystalline layer 7 obtained from LLC of dye Vat
Red 15, which is about 60 nm thick, an isotropic transparent
layer 8 of polyvinylacetate, which is about 100 nm thick, and
a crystalline layer 9 obtained from LLC of dye Vat Red 15,
which is about 60 nm thick. Crystalline layers 7 and 9 are
distinct by their high degree of anisotropy: in the wavelength
interval 570-600 nm it reaches 0.8. Layers 7, 8, and 9 are
formed on the rear panel 2 sequentially by the method as
described below. Reflecting polarizer 5 has integral reflect-
ing efficiency of about 44% of polarized light for extraor-
dinary direction and about 1% for ordinary direction. FIG.
3 shows corresponding spectral characteristics of the
reflected light for different directions of polarization.

[0019] The display features bright images, rich color
(green), high contrast and wide observation angle.

[0020] Preferably at least one anisotropic layer of the
multilayer structure 5 is optically transparent in the men-
tioned region of spectrum for both components of polariza-
tion.

[0021] It is preferred that at least one anisotropic layer has
degree of anisotropy no less than 0.4 in the desired spectrum
region.

[0022] Preferably at least one anisotropic layer of the
multilayer structure 5 is a polarizer of E-type in at least one
region of the spectrum.

[0023] The anisotropic layers are usually obtained from at
least one organic dye and/or derivatives thereof, which are
capable of forming lyotropic liquid crystal (LLC).

[0024] It is preferred that at least one of the polarizers is
disposed between the front and rear panels of the display.

[0025] Preferably an absorbing layer 6 absorbing in at
least the desired spectrum region or in the entire visible
wavelength range is provided on the outer surface of the rear
panel 2 along the direction of the incident light.

[0026] It is preferred that at least one anisotropic layer in
the display is at least partially crystalline.

[0027] In acolor display, the polarizer 5 on the rear panel
2 preferably consists of a matrix of color reflecting elements,
each of which reflects in at least one region of the spectrum.
The choice of matrix elements is governed by the conditions
to provide a set of basic colors. Usually, the basic colors are
blue with wavelength in the range 400-500 nm, green with
wavelength in the range 500-600 nm and red with wave-
length in the range 600-700 nm.
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[0028] Preferably the absorbing layer 6 disposed on the
rear panel 2 and consisting of a matrix of colored reflecting
elements absorbs in the entire visible wavelength range.

[0029] The display includes white, black and colored
components in the color image.

[0030] The LC display according to the present invention
contains front and rear panels, and electrodes, polarizers and
other functional layers, and a layer of liquid crystal between
the front and rear panels. The polarizer on the front panel is
preferably neutral, transmitting one polarized component of
light and efficiently absorbing the other.

[0031] The polarizer on the rear panel in a monochromatic
display represents a multilayer structure containing at least
two optically anisotropic layers separated by an optically
transparent intermediate layer. The thickness and refraction
indices of all layers are selected such that the polarizer
efficiently reflects radiation of one polarization in certain
region of the spectrum and transmits orthogonally polarized
radiation, which is later absorbed by the filters.

[0032] 1In a color display, the polarizer on the rear panel
represents a matrix of color reflecting elements, each of
which is implemented analogously to the reflecting polarizer
described above for the monochromatic display. The choice
of matrix elements is governed by the condition to provide
a set of basic colors in the image. In order to obtain
spectrally clean, high contrast color images, it is preferred
that each matrix element reflects in a narrow spectral range.

[0033] In fabrication of the multilayer structure 5, it is
preferably to obtain homogeneous layers with high degree of
anisotropy, high value of one of the refraction indices and
preferably thin (comparable to the wavelength). Crystalline
films or layers obtained according to methods of Optiva
Technology (Lazarev P., Paukshto M., Proceeding of the 7
International Display Workshops, Materials and Compo-
nents, Kobe, Japan, November 29-December 1 (2000), p.p.
1159-1160) can be used in fabrication of the multiplayer
structure 5.

[0034] Initial choice of the materials for fabricating such
multilayer structure is based on suitable spectral character-
istics and the presence of developed system of m-conjugate
bonds in the aromatic conjugate cycles and groups such as
amine, phenol, ketone and others, laying in the planes of
molecules and being a part of the aromatic bond system. The
molecules themselves or their fragments have flat structure.
Suitable organic materials include indanthrone (Vat Blue 4),
dibenzoimidazol 1,4,5,8-naphthalenetetracarboxilic acid
(Vat Red 14), dibenzoimidazole 3,4,9,10-perylentatracor-
boxilic acid, quinacridone (Pigment Violet 19), their deriva-
tives, and any combination thereof.

[0035] Dissolving such organic compounds in a suitable
solvent creates a colloid system (liquid crystal solution),
where molecules unite into supramolecular complexes,
which function as the kinetic units of the system. L.C is the
pre-ordered state of the system, from which, during align-
ment of the supramolecular complexes and subsequent
removal of the solvent, immerges the anisotropic crystalline
film (or in other terminology membranous crystal).

[0036] The method of preparing thin anisotropic crystal-
line films from the colloid system with supramolecular
complexes involves the following steps:
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[0037] depositing the colloid system onto a substrate
(or a ware, or one of the layers of the multilayer
structure). The colloid system possesses thixotropic
properties for which the colloid system must be at a
certain temperature and have certain concentration
of the dispersion phase;

[0038] converting the deposited colloid system into a
state of increased fluidity via any suitable external
impact to provide a decreased viscosity of the system
(this may be heating, deformation by shearing etc.).
The external impact may continue during the entire
subsequent process of alignment or have the neces-
sary duration so that the system does not return to a
state with increased viscosity during alignment;

[0039] applying an external orienting force on the
system, which may be implemented mechanically as
well as with any other method. The force must be
sufficient so that the kinetic units of the colloid
system receive necessary orientation and form the
structure, which will be the basis for the future
crystal lattice in the resulting layer;

[0040] converting the oriented region of the resulting
film from the state with lowered viscosity, which is
achieved with the primary external influence, into
the state with the original or higher viscosity of the
system. This is performed in such a way that there is
no disorientation of the structure in the resulting film
so as to avoid appearance defects of the surface of
the layer;

[0041] removing the solvent from the resulting film,
during which the crystalline structure is formed.

[0042] Within the obtained layer, planes of molecules are
parallel to each other and so form three-dimensional crystal
in at least a part of the layer. By optimizing this method of
film fabrication, monocrystalline layers can be obtained.
Optical axis in such crystal will be perpendicular to the
planes of molecules. Such layer will possess high degree of
anisotropy and high refraction index for at least one direc-
tion. The thickness of the layer usually does not exceed 1
pm.

[0043] The thickness of the resulting film may be con-
trolled through the content of the solid phase in the original
LC and the thickness of the deposited layer of LLC. Fur-
thermore, to obtain layers with intermediate optical charac-
teristics, a mixture of colloid systems may be used (in this
case there will be combined supramolecular complexes
formed in solution). Absorption and refraction may have
various values within the limits determined by the original
components in the layers obtained from mixtures of colloid
solutions. Mixing various colloid systems and obtaining
combined supramolecular complexes is possible due to the
flatness of molecules (or their fragments) and coincidence of
one of the dimensions of molecules from the above-men-
tioned organic compounds (3.4A).

[0044] In the wet layer, molecules have good order along
one direction due to orientation of supramolecular com-
plexes on the substrate. During evaporation of the solvent, it
appears more energetically favorable for the molecules to
form three-dimensional crystalline structure.

[0045] The multilayer structure includes at least two
anisotropic layers obtained by the above described method.
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Here, optical axes of separate anisotropic layers are usually
co-directional. Reflection of light in certain spectral ranges
by the polarizer may occur due to interference effect in the
thin layers. The thickness of the layers and refraction indices
for each direction of polarization is selected such that one
polarization component of light will be efficiently reflected
by this structure while the other will pass through without
being reflected. To absorb the light transmitted through the
multilayer structure, a layer of an all-absorbing material is
provided on the outer surface of the rear panel along the
direction of radiation propagation. This eliminates glare
from the rear panel of the display and enhances contrast of
the image. In addition, such design allows obtaining black
color in the image.

[0046] Since obtained layers are thin (less than 100 nm)
and the number of layers may be minimal (e.g. 3) due to high
degree of anisotropy, such multilayer structure may be
placed inside of the LC display.

[0047] The polarizer for the front panel may also be
obtained according to the above described technology with
corresponding choice of the organic materials, which forms
LLC, or a mixture of materials having suitable absorption
spectra. Moreover, this polarizer may also be placed inside
the display.

[0048] Internal placement of all functional layers of the
display reduces the size and enhances the durability of the
display device, and simplifies the fabrication process of the
device.

[0049] TIn addition, the inventive method of fabricating
anisotropic layers is based on the fact that ellipsoids of
angular dependence of real and imaginary parts of the
refraction index have disk-like shape. Changing the shape of
the ellipsoids of the imaginary part of the refraction index
significantly improves the parameters of the polarizer and its
angular characteristics. Using such polarizers in a display
can increases observation angle practically up to 180°.

[0050] The polarizer on the rear panel of a color display,
representing a matrix of color reflecting elements, may also
be obtained according to the above described technology, for
example, using masks to form local coatings. Here, layers of
anisotropic materials are deposited sequentially one after the
other according to the above described technology. In the
regions where the coating is desired to be preserved to form
local reflecting polarizing element, the coating material is
transferred into the insoluble form. The rest of the area is
cleaned via rinsing. Another layer of an anisotropic material
is deposited on the top of the resulting layer, and the
procedure is repeated. If needed, additional polarizing layers
may be used. Thus, the multilayer structure of the polarizer,
which is the matrix of separate elements, is formed. Each
element of the matrix reflects light of certain spectral range
and one polarization.

[0051] A liquid crystal display has been provided. The
foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teaching. The embodiments
were chosen and described in order to best explain the
principles of the invention and its practical application, to
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thereby enable others skilled in the art to best utilize the
invention and various embodiments with various modifica-
tions as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the
claims appended hereto and their equivalents
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We claim:

1. A liquid crystal display comprising front and rear
panels, and electrodes, polarizers and a layer of liquid
crystal between the front and rear panels,

wherein the polarizer on the rear panel is a polarizer
which reflects in at least one region of spectrum and
contains at least one element of a multilayer structure,
said multiplayer structure containing at least two aniso-
tropic layers separated by at least one intermediate
layer that is optically transparent in said region of
spectrum, and where the ratio of refraction indices and
thickness of said layers in the multilayer structure is
chosen such to provide an extremum for the ratio of
transmitted and reflected polarizations in said region of
spectrum.

2. The display according to claim 1, wherein at least one
of the anisotropic layers of the multilayer structure is
optically transparent in said region of spectrum for both
components of polarization.

3. The display according to claim 1, wherein at least one
of the anisotropic layers has a degree of anisotropy no less
than 0.4 in said region of spectrum.
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4. The display according to claim 1, wherein at least one
of the anisotropic layers is a polarizer of E-type in at least
one region of spectrum.

5. The display according to claim 1, wherein the aniso-
tropic layer is obtained from at least one organic dye and/or
derivatives thereof which are capable of forming lyotropic
liquid crystal.

6. The display according to claim 1, wherein at least one
of the polarizers is placed between the front and rear panels
of the display.

7. The display according to claim 1, further comprising an
absorbing layer provided on the outer surface of the rear
panel along the direction of propagation of incident radiation
in the at least one region of spectrum.

8. The display according to claim 7, wherein the absorb-
ing layer absorbs in all visible range of wavelengths.

9. The display according to claim 1, wherein at least one
of the anisotropic layers is at least partially crystalline.

10. The display according to claim 1, wherein the polar-
izer on the rear panel consists of a matrix of colored
reflecting elements, each of which reflects in at least one
region of the spectrum.

11. The display according to claim 10, wherein the
elements in the matrix are chosen such to provide a set of
basic colors.

12. The display according to claim 1, wherein the basic
colors include blue with wavelength ranging from 400 to
500 nm, green with wavelength ranging from 500 to 600 nm
and red with wavelength ranging from 600 to 700 nm.

13. The display according to any of the claims 10 through
12, furthering comprising an absorbing layer on the outer
surface of the rear panel along the direction of incident
radiation, wherein said polarizer on the rear panel consists of
a matrix of colored reflecting elements, and said absorbing
layer absorbs in all visible range of wavelengths.

14. The display according to claim 1, wherein the display
is characterized by presence of white, black and color
components in a colored image.

* * * * *
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