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The present invention is aimed to make displays with wide
viewing angle possessing higher brightness in transmission
mode and to develop more simple method for making such
displays. This target is achieved by making in display with
multiple pixels deflecting elements (5, 6) of dielectric mate-
rial and depositing them over the electric conductive coating
at least on one of the substrates (1, 2) the space between
which is occupied by liquid crystal. Dielectric deflecting
elements (5, 6) may be displaced along the perimeter of the
pix as well as across its area. After applying electric voltage
to the electrodes (3) at the opposite substrates (1, 2) at the
interface LC-dielectric deflecting dement distortions of the
electric field arise with the component of electric field
parallel to substrates.
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LIQUID-CRYSTAL DISPLAY AND THE
METHOD OF ITS FABRICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/529,948 filed Apr. 21, 2000 now U.S. Pat.
No. 6,750,933.

FIELD OF THE INVENTION

Invention is related to the field of electronics and can be
used for making information displays, in particular, liquid
crystal (LC) indicators, screens, panels etc.

PRIOR ART

The drawback of the majority of liquid crystal displays is
a strong dependence of their transmission on the angle of
light incidence [S. T. Wu, C. S. Wu, SID Digest 27, 763
(1996)-1] and, as a result, decrease of contrast and even
inversion of transmission levels at some observation angles.
For improving these characteristics of displays in many
cases a set of retardation plates is used [N. Yamagishi, H.
Watanabe, K. Yokoyama, ‘Japan Display 897,316 (1989)-2],
which increases the cost of the device and does not resolve
the problem of color inversion.

The most promising from this point of view are multi-
domain LC displays, in which a single pixel contains areas
with various orientations of the liquid crystal in the plane of
substrates [M. Schadt, Proc. SID’97, 24.1 (1997)-3].

There is an information display [K-H. Kim, S.-B. Park,
J.-U. Shim, J.-H. Souk, J. Chen, SID 98 DIGEST, 1085
(1998)-4], which consists of two plane and parallel sub-
strates with electrodes deposited at least on one of them, the
said substrates are overlaid with the electrodes facing each
other. The space between the substrates is filled with a
homeotropically aligned liquid crystal mixture possessing
positive anisotropy. From the outside the substrates are
surrounded by two crossed polaroids. In the off state this
display does not transmit the light. After electric voltage of
the opposite polarity is applied to the neighboring electrodes
at one of the substrates, a parabolic electric field is created
between the said electrodes, which reorients the liquid
crystal parallel to it. In this way it is possible to orient LC
molecules between the electrodes in two different directions
(the so-called two-domain structure) and as the result, the
viewing angle of such display is improved considerably. To
maximize the brightness polaroids are oriented at 45° to the
electrodes. Nevertheless, low brightness is the drawback of
this display, as well as of other displays based on director
re-switching in the plane of the substrates [M. Ohta et al,
Asia Display’95, 707 (1995)-5]. Another drawback is that it
is impossible to have more than two domains in a pixel.

There is display [S.-C. A. Lien, R. A. John, Patent USA,
U.S. Pat. No. 5,309,264-6], [S.-C. A. Lien, R. A. John, et al,
SID 98 DIGEST, 1123 (1998)-7], in which two principles
are used to have domain structure: fringe field, which arises
at the edge of the electrode after applying electric field, and
ridge field at the opposite slopes of the protrusions formed
lithographically at the opposite substrates with color filters.
Protrusions act as elements which incline LC director from
the normal to the substrate. The space between the substrates
is filled with homeotropically aligned liquid crystal possess-
ing negative dielectric anisotropy. Liquid crystal molecules
are aligned perpendicularly to the substrates surface and in
the off state this display does not transmit the light (crossed
polaroids) and only on the slopes of protrusions the mol-
ecules deviate from the normal to the angle which equals the
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angle between the slope of the protrusion and the substrate.
At the slopes the molecules are pre-tilted in different direc-
tions, but pre-tilt is not high and therefore it does not perturb
optical parameters of display in the off state. Within the pixel
protrusions are oriented so that the pre-tilt direction coin-
cides with the direction of the fringe field which arises at the
long edge of the pixel (the pixel has elongated rectangular
shape). In such display co-action of the fringe electric field
and protrusions result in reorienting LC molecules within
the pixel in different directions relative to the long axes of
the protrusions. The drawback of such device is that
although it is possible to have four domains within a pixel
(this number of domains is optimal for equalizing optical
characteristics in different directions), but in a real display
these domains have different area and it is difficult to
equalize optical characteristics completely. Besides this, the
fringe field which arises around the pixel after applying
electric voltage is distorted by connecting buses and this
results in non-uniform switching of various domains within
a pixel.

The closest to the proposed devices and method is tech-
nical reference [A. Takeda et al, SID 98 DIGEST, 1077
(1998)-8]. This display consists of two substrates with the
pattern of electrodes deposited on them, on the said elec-
trodes protrusions are deposited photolithographically with
the slopes in different directions. These protrusions like
similar elements in [7] tilt the LC director from the normal
of the substrate. The space between the substrates if filled
with homeotropically aligned liquid crystal possessing nega-
tive dielectric anisotropy. In the off state the LC molecules
are orthogonal to the substrates except those in the areas
where the protrusions are displaced. At the slopes of the
protrusions the molecules are pre-tilted to the angle, which
equals the angle between the slope and the substrate. This
pre-tilt is not high and does not perturb optical characteris-
tics of the display in the off state and in crossed polaroids
display does not transmit the light. When the voltage is
applied to the electrodes at the opposite substrates this
pre-tilt is sufficient to initiate molecular reorientation in
different directions within the pixel area. This leads to
appearing domains and makes viewing angle more uniform.
The drawback of this display is low brightness (30% of
conventional single-domain display) because of two factors:
protrusions occupy more than 30% of the display area and
to realize four domains very specific pattern of the protru-
sions is required, which leads to additional losses of light.
Besides this to make this display two additional photoli-
thographies are required.

SUMMARY OF THE INVENTION

Present invention is aimed to make displays with wide
viewing angle possessing higher brightness in transmission
mode and to develop more simple method for making such
displays.

This target is achieved by making in display with multiple
pixels deflecting elements of dielectric material and depos-
iting them over the electric conductive coating at least on
one of the substrates the space between which is occupied by
liquid crystal. Dielectric elements can have profile as from
the liquid crystal side, so from the side of the substrate. They
can be deposited on both, as well as only on one substrate.
Dielectric deflecting elements may be displaced along the
perimeter of the pixel as well as across its area. After
applying electric voltage to the electrodes at the opposite
substrates at the interface LC-dielectric deflecting element
distortions of the electric field appear with the component of



US 7,304,704 B2

3

electric field parallel to the substrates. Direction of this
in-plane component is determined by the configuration of
the dielectric deflecting elements. The value of this compo-
nent is sufficient to reorient liquid crystal in different direc-
tions and hence to generate different domains within the
pixel area and to make optical properties of display inde-
pendent of the viewing angle. Unlike in the known display
[8], dielectric elements take not more than 5-10% of the
pixel area and proposed display has higher brightness. At the
same time configuration of the dielectric elements is capable
of obtaining two as well as four domain displays for any real
pixel shape.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-2 show the cross-section (a) and the top view (b)
ofthe proposed display, fabricated according to the proposed
method with various displacement of the dielectric deflect-
ing elements.

FIG. 3 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method, in the said display the dielectric deflecting elements
are displaced at the color filters substrate and play the role
of the black mask.

FIG. 4 shows the top view of the displays fabricated
according to the proposed method with various displacement
of the dielectric deflecting elements.

FIGS. 5-8 show the cross-section (a) and the top view (b)
of'the proposed display, fabricated according to the proposed
method with various displacement of the dielectric deflect-
ing elements in the cases when these elements have profiled
thickness at the side of the substrate.

FIG. 9 shows the cross-section (a) and the top view (b) of
the proposed two-domain display, fabricated according to
the proposed method with planar alignment of the liquid
crystal.

DETAILED DESCRIPTION OF THE
PREFERABLE EMBODIMENTS

The proposed displays are fabricated as following.

On one or both substrates with aligning layer deposited on
them dielectric deflecting elements are patterned on the top
of the last electric conductive layer. Resistivity of the
deflecting elements should not be substantially lower than
that of the liquid crystal material, the last is usually higher
than 10® Ohm/cm.

Deflecting elements are usually formed photolithographi-
cally. Most often they have shape of solid or dashed lines
with the intervals between the dashes 5-30 um, the line-
width 2-3 um and larger and the height (or depth) from 0.1
um up to the LC thickness. The cross section of the deflect-
ing dielectric elements may have the shape of any geometric
figure, such as triangle, turned with one side to the substrate,
trapezium, rectangle, semicircle e.t.c. Deflecting dielectric
elements are patterned to have the form of lines of any type
surrounding the pixel. If pixel has elongated shape, it may be
subdivided by deflecting elements into squares, or rectangles
with the shape close to squares. Deflecting elements may be
displaced in the gap between the electrodes and cover part
of the electrode with the width comparable to the height of
the element in order to avoid the influence of the fringe field
on the LC orientation. The area between the deflecting
elements may be filled with supplementary coatings (vari-
ants with the deflecting dielectric elements profiled from the
side of the substrate). Supplementary coatings may play the
role of planarizing film, or color filters matrix, or various
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conductive layers. This may be the areas of the substrate,
between which the wells are made, which are filled with the
deflecting dielectric elements.

At the second substrate deflecting elements are also
deposited to have a shape of squares, or rectangles with the
shape close to squares with the same dimensions as on the
first substrate, or with different dimensions, or having shape
of solid, or dashed lines of various form.

In the case when matrix of color filters is formed at the
second substrate, deflecting dielectric elements usually align
with the black matrix, or replace them by dielectric black
matrix. In the latter case one technological operation is
reduced.

Deflecting dielectric elements on different substrates can
be made of different materials. For example, when on the
color filter substrate deflecting dielectric elements are
replaced by the black matrix, on the second substrate they
are made from as transparent material as possible to reduce
the losses of light. The height of the deflecting dielectric
elements may vary across the substrate and may be different
on different substrates. The first case can be useful to make
displays with variable viewing angle across the display area.

At the next stage aligning layer for homeotropic or planar
alignment is deposited at the substrates.

To control the gap between the substrates in the case when
deflecting elements are deposited only on one substrate
conventional spacers, such as spheres, or fibers, or particles
of definite dimensions made of inorganic as well as organic
materials are used. In the case when deflecting elements are
deposited on the electrodes on both substrates and have
profile from the side turned to the liquid crystal, additional
spacers are not necessary because deflecting dielectric ele-
ments play the role of spacers. Simultaneously, the display
becomes more rugged and the LC layer thickness can be
easily varied during fabrication process.

At the next stage of fabricating display with deflecting
dielectric elements deposited on one substrate this substrate
is overlaid with another one, containing pattern of elec-
trodes, aligning layer and conventional spacers with the said
electrodes faced to each other on both substrates and is
sealed along the perimeter.

In the case the display has deflecting dielectric elements
on both substrates with the profile from the liquid crystal
side to obtain equally good viewing characteristics for all
observation angles these deflecting elements are aligned so
that the crossings of the lines on one substrate be as close as
possible to the centers of the squares formed by deflecting
dielectric elements on the second substrate. After this dis-
play is sealed.

If at least on one of the substrates deflecting dielectric
elements are profiles from the side of the substrate, then the
substrates are aligned similarly to the previous case, but
conventional spacers are used to control the gap between the
substrates.

As arule, liquid crystal domains are formed of equal size
to make viewing characteristics independent of angle. Nev-
ertheless, they can have different size if display should have
specific viewing characteristics.

The space between the substrates is filled with liquid
crystal.

This liquid crystal can possess either positive or negative
dielectric anisotropy. Consequently, the said liquid crystal
may have either planar of homeotropic alignment. Planar
aligning material is rubbed. The angle between the rubbing
direction and the deflecting dielectric elements may be taken
in the range 0°-180°. Both non-chiral and chiral liquid
crystal materials are appropriate. In the case it is chiral and
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has planar alignment it may be twisted to the angle from 0°
to 360°. If it has homeotropic alignment, its twist angle
should be chosen so that d/p<0.5 (here d—LC layer thick-
ness, p—its spontaneous helix pitch).

In the proposed displays liquid crystal doped with a
dichroic dye can be used and then such display may operate
without polaroids and information is displayed due to light
absorption by the dye molecules. The dichroic ratio of the
dye can be larger or smaller than 1 and liquid crystal may be
chiral or non-chiral.

Proposed displays can operate in reflective mode. In such
a case one of the substrates and the electrode deposited on
it are made non-transparent (reflective). The image is
obtained with one polaroid.

FIG.1 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On two plane glass substrates 1 and 2 0.5-2 mm
thick and with linear dimensions on the range of 1 cm to
several decimeters transparent electrodes from conductive
coating 3 having thickness 70-150 nm and surface resistivity
10-2000 Ohn/M are deposited in vacuum from the oxide of
the indium-tin alloy. The desirable electrode pattern is made
photolithographically. On one substrate deflecting dielectric
elements 5 are formed from photoresistive dielectric mate-
rial, for example AR P-310, which have the shape of
crossing lines with the pitch 100 pm, width 5-7 pm and
height 2.5-3 um. Both substrates 1, 2 are covered with
homeotropic aligning layer 4, for example AL-655 (JSR),
20-100 nm thick. Conventional spacers, like plastic spheres
3-6 um in diameter, are deposited on one of the substrates 1,
2. The substrates 1, 2 are overlaid with the aligning layers 4
faced to each other and fixed together with the sealing
material having epoxy base, for example UHL plus endfest
300. The space between the substrates 1, 2 is filled with
liquid crystal possessing negative dielectric anisotropy, such
as MLC-6608. So made display transmits 45-50% of light in
the on state in crossed polaroids (for 100% we take the light
transmitted by display in the off state between the parallel
polaroids).

FIG. 2 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On two plane glass substrates 1 and 2 on the top of
the conductive layer 3 deflecting dielectric elements (5), (6)
are deposited in the form of crossing lines with the width 5-6
wm, their height is 2.0-2.5 um and the pitch—100 pm. The
substrates 1, 2 are aligned so, that line crossings on one
substrate are close to the centers of the squares formed by
the lines on the second substrate. The crossings of the lines
on different substrates are used as spacers. Single pixel abcd
is surrounded by thicker vertical lines and two horizontal
lines placed at the bottom substrate 1. So made display
transmits 75-80% of light in the on state in crossed
polaroids.

FIG. 3 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method, in which deflecting elements 5 at the color filters
substrate are made of non-transparent dielectric material and
have the form of lines 5-15 pum thick with the height 2-2.5
um above the color filters surface. Simultaneously these
deflecting elements play the role of the black matrix. Pixel
abed is surrounded by peripheral vertical lines and two
horizontal lines placed at the bottom substrate 1. In other
aspects the display is made similarly to that one described in
FIG. 2. This display has brightness 60-80% in the on state.

FIG. 4 shows the top view of the proposed displays
fabricated according to the proposed method with various
displacements of the deflecting dielectric elements 1 and 2
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on the bottom and the top substrates respectively. Single
pixel is displayed. In other aspects the display is made
similarly to that one described in FIG. 2. This display has
brightness 75-80% in the on state.

FIG. 5 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On the bottom 1 and top 2 substrates containing the
electrodes pattern 3 deflecting dielectric elements 5 and 6
are deposited. On the bottom substrate 1 the area between
the dielectric deflecting elements is filled with a supplemen-
tary layer 7 possessing dielectric constant different from that
of' the deflecting elements (dielectric deflecting elements are
profiled from the side of the substrate). On the top of all
patterns on both substrates 1, 2 homeotropically aligning
layer 4 is deposited. Conventional spacers, like plastic
spheres 3-6 um in diameter, are used. Pixel abcd is sur-
rounded by thicker vertical lines and two horizontal lines
placed at the bottom-substrate 1. In other aspects the display
is made similarly to that one described in FIG. 1. This
display has brightness 75-80% in the on state.

FIG. 6 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On the bottom 1 and top 2 substrates containing the
electrodes pattern 3 deflecting dielectric elements 5 and 6
are deposited. On the bottom substrate 1 the area between
the dielectric deflecting elements is filled with a supplemen-
tary layer 7 possessing dielectric constant different from that
of' the deflecting elements (dielectric deflecting elements are
profiled from the side of the substrate). On the top of the
supplementary layer 7 conductive coating 3 is deposited. On
the top of all patterns on both substrates 1, 2 homeotropi-
cally aligning layer 4 is deposited. Conventional spacers are
used. Pixel abced is surrounded by thicker vertical lines and
two horizontal lines placed at the bottom substrate 1. In
other aspects the display is made similarly to that one
described in FIG. 1. This display has brightness 75-80% in
the on state.

FIG. 7 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On the bottom 1 and top 2 substrates containing the
electrodes pattern deflecting dielectric elements 5 and 6 are
deposited. On the bottom substrate 1 the area between the
dielectric deflecting elements 5 is filled with a supplemen-
tary layer 7 possessing dielectric constant different from that
of the deflecting elements (dielectric deflecting elements are
profiled from the side of the substrate). On the top of the
supplementary layer 7 conductive coating 3 is deposited. On
the top of conductive coating 3 the film made of material of
the deflecting dielectric element is displaced and covered
with the aligning film 4. Conventional spacers are used.
Pixel abced is surrounded by thicker vertical lines and two
horizontal lines placed at the bottom substrate 1. In other
aspects the display is made similarly to that one described in
FIG. 1. This display has brightness 75-80% in the on state.

FIG. 8 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On the bottom 1 and top 2 substrates containing the
electrodes pattern deflecting dielectric elements 5 and 6 are
deposited. On the bottom substrate 1 the area between the
dielectric deflecting elements 5 is filled with a supplemen-
tary layer 7 which is made of the same material as the
substrate (in a real process the grooves are made in the
substrate in advance and after depositing electric conductive
coating the grooves are filled with the dielectric deflecting
elements 5). On the top of the supplementary layer 7
conductive coating 3 is deposited. On the top of conductive
coating 3 the aligning film 4 is displaced. Conventional
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spacers are used. Pixel abcd is surrounded by peripheral
vertical lines and two horizontal lines placed at the bottom
substrate 1. In other aspects the display is made similarly to
that one described in FIG. 1. This display has brightness
75-80% in the on state.

FIG. 9 shows the cross-section (a) and the top view (b) of
the proposed display, fabricated according to the proposed
method. On two plane glass substrates 1, 2 on the top of the
conductive layer 3 deflecting dielectric elements 5, 6 are
deposited. On one substrate, let us tell substrate 1, deflecting
elements S have the form of crossing dielectric lines and on
another substrate, for example 2, they look like dielectric
lines. Lines on the both substrates 1, 2 have the width 5-6
um, their height is 2.0-2.5 um and the pitch—100 um. The
substrates 1, 2 are aligned so, that the lines on substrate 2
cross the sides of the rectangles formed by the lines on the
substrate 1 close to their centers. The crossings of the lines
on substrate 1 with the lines on the substrate 2 are used as
spacers. Planar aligning layer 4, for example AL-3046
(JSR), is deposited on both substrates 1, 2. The substrates 1,
2 are rubbed parallel to each other and perpendicular to the
lines on the substrate 2. The space between the substrates 1,
2 if filled with a nematic liquid crystal Z1.1-3497-000
possessing positive dielectric anisotropy. Single pixel abcd
is surrounded by thicker vertical lines and two horizontal
lines placed at the bottom substrate 1. So made display
transmits 85-90% of light in the off state in crossed
polaroids.

The proposed display with homeotropic alignment of the
liquid crystal possessing negative dielectric anisotropy oper-
ates as following.

In the state without electric field LC molecules are aligned
orthogonal to the substrates 1, 2 in the whole area except the
slopes of the deflecting dielectric elements 5, 6, in the case
their profile is from the liquid crystal side. In difference to
[7.8], in the proposed display the slopes of the deflecting
elements are either very steep (the angle with the substrate
normally is bigger than 30-40°), or they are absent at all, in
the case they are profiled from the substrate side. So
distortions of the liquid crystal alignment either have limited
size, or absent at all and do not perturb optical parameters of
the display. Therefore in the off state this display does not
transmit light in the crossed polaroids.

After applying electric field liquid crystal reorients not
uniformly across the pixel area, but according to the direc-
tion of the parallel to the substrates component of the electric
field which appears at the LC—dielectric interface. This way
domains with different (including opposite) orientation of
the liquid crystal appear within the pixel area. Under various
observation angles different domains have different trans-
mittance and transmittance of the pixel as a whole equals
some averaged value. Due to this, inversion of the trans-
mission levels of LC display under various observation
angles is suppressed, similarly to the effect observed in [7,8].
To increase the viewing angle (to increase the contrast under
oblique observation angles) phase retarders [2] may be used
in the proposed display.

Display with LC possessing positive dielectric anisotropy
and aligned parallel to the substrates operates in a similar
way. The difference is that in the off state this display
transmits light in crossed polaroids. After applying electric
field LC reorients in different directions depending on the
direction of the in-plane with the substrates component of
the distorted electric field, which is created at the LC-
dielectric interface. As the result, viewing characteristics
become similar for different observation angles. In the on
state display becomes non-transparent.
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Summmarizing the analysis of the proposed display and
the method for its fabrication one can tell that using con-
ventional technology for making [.C displays, in which only
one technological photolithographic stage is added for mak-
ing deflecting dielectric elements, it is easy to obtain display
with wide viewing angle. The number of domains, their
displacements, as well as proportion of their areas can be
easily varied by varying photolithographically made pattern.
Besides this, in transmission mode the losses of light are in
the range of 10-20% in comparison with conventional
single-domain displays, which are not essential for the
desk-top displays.

The invention claimed is:

1. A method for making a liquid crystal display with a
plurality of pixels, comprising:

depositing electric conductive and aligning layers on sides

of two plane substrates facing each other;

forming deflecting elements; and

providing a liquid crystal layer between the substrates,

wherein on at least one of the substrates the deflecting

elements are dielectric and are provided over the elec-
tric conductive layer, and wherein at least one of the
deflecting elements is formed at the periphery of at
least one of the pixels, and

wherein the deflecting elements on at least one substrate

are arranged in lines that cross each other to define
enclosed areas within a pixel of the plurality of pixels.

2. The method according to claim 1, wherein the deflect-
ing elements are made of a material with resistivity equal to
or exceeding that of the liquid crystal.

3. The method according to claim 1, wherein the deflect-
ing elements are formed on both substrates.

4. The method according to claim 1, wherein an area
between the deflecting elements is filled with a supplemen-
tary coating.

5. The method according to claim 1, further comprising
forming a black matrix of the material of the deflecting
elements.

6. The method according to claim 1, wherein the deflect-
ing elements are formed with the height exceeding 0.1
microns.

7. The method according to claim 1, wherein the deflect-
ing elements have a height less than or equal to the thickness
of the space between the substrates.

8. The method according to claim 1, wherein the deflect-
ing elements are disposed apart from one another by a gap
when viewed in a direction normal to said substrates.

9. A method for making a multi-domain liquid crystal
display with a plurality of pixels, comprising:

depositing electric conductive and aligning layers on sides

of two plane substrates facing each other;
forming deflecting elements,
providing liquid crystal having a negative dielectric
anisotropy in the space between the substrates; and

wherein on at least one of the substrates the deflecting
elements are dielectric and are provided over the elec-
tric conductive layer, and wherein one of the deflecting
elements is formed at the periphery of at least one of the
pixels, and

wherein the deflecting elements on at least one substrate

are arranged in lines that cross each other to define
enclosed areas within at least one of the pixels.

10. The method according to claim 9, wherein the deflect-
ing elements are made of a material with resistivity equal to
or exceeding that of the liquid crystal.

11. The method according to claim 9, wherein the deflect-
ing elements are formed on both substrates.
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12. The method according to claim 9, further comprising
forming a black matrix of the material of the deflecting
elements.

13. The method according to claim 9, wherein the deflect-
ing elements are formed with the height exceeding 0.1
microns.

14. A method for making a liquid crystal display with a
plurality of pixels, comprising:

depositing electric conductive and aligning layers on sides

of two plane substrates facing each other;

10

forming deflecting elements on at least one of the sub-
strates; and

providing a liquid crystal layer between the substrates,

wherein on at least one of the substrates the deflecting
elements are dielectric and made of the same material
as the substrate and are provided over the electric
conductive layer.
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