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Description
BACKGROUND OF THE INVENTION

1 .Field of the Invention

[0001] The present invention relates to a color filter.
The present invention also relates to a liquid crystal dis-
play device employing a color filter.

[0002] In particular, the present invention relates to a
color filter which handles a first light ray and a second
light ray. The first light ray has such a uni-directional op-
tical path that the light ray incident from one principal
plane side of the filter passes through the filter only once
to be colored and is guided to the other principal plane
side of the filter. The second light ray has such a bi-di-
rectional optical path that the light ray incident from the
other principal plane side of the color filter passes through
thefilter to be colored and the passed lightray is reflected
by an optical reflective element or the like disposed in
the one principal plane side to enter the filter again and
pass to be colored, and comes back to the other principle
plane side. The invention also relates to a method of man-
ufacturing the color filter. The invention further relates to
a liquid crystal display device using such a color filter,
and to a method of manufacturing the liquid crystal dis-
play device.

2.Description of Related Art

[0003] A liquid crystal display device, what is called
the transflective type liquid crystal display device, be-
comes in full practical use, wherein external light incident
from the front side is reflected to be guided to the front
side while being provided with an optical modulation ac-
cording to the image to be displayed, and incident light
from the back light system on the rear side is passed to
the same front side while being likewise provided with
the optical modulation according to the image to be dis-
played. This type of liquid crystal display device effec-
tively performs displays of image based on the external
light (ambient light) mainly when the operating environ-
ment is bright (reflective mode) and based on emission
light from the back light system mainly when it is dark
(transmissive mode).

[0004] Such a type of liquid crystal display device is
disclosed in a prior art document, "Development of Ad-
vanced TFT with Good Legibility under Any Intensity of
Ambient Light" by M. Kubo et al., IDW’ 99, Proceedings
of The Sixth International Display Workshops, AMD3-4,
page 183-186, Dec. 1, 1999, sponsored by ITE and SID.
In this device, each pixel electrode is divided into a re-
flection area and a transmission area. The reflection area
is a reflection electrode part formed from aluminium with
which an acrylic resin with a trough surface is covered,
and the transmission area is a transparent electrode part
formed from ITO (Indium Tin Oxide) with a flat surface.
The transmission area is situated in the center of a rec-
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tangular pixel area and has a substantially similar rec-
tangular figure like the pixel area, whereas the reflection
area is a part of the pixel area other than the rectangular
transmission area and has a form of surrounding the
transmission area. By virtue of the pixel configuration etc,
the legibility is improved.

SUMMARY OF THE INVENTION

[0005] However, in the prior art liquid crystal display
device, the transmission area and the reflection area are
different in color purity of the displayed color although
these areas are in the same pixel area. It is supposed
that this problem results from the color filter in the prior
art in which the light from the back-light system and the
external light whose optical paths are different from each
other are colored in much the same fashion. As a result,
the quality of the displayed colors is deteriorated over
the display area.

[0006] In view of the above-mentioned points, it is an
object of the present invention to provide a color filter and
a liquid crystal display device using the color filter, which
can show more uniform color purity within a pixel,
[0007] It is another object of the present invention to
provide a color filter and a liquid crystal display device
using the color filter, which can satisfactorily reproduce
chromaticity over a display area.

[0008] It is a further object of the present invention to
provide methods of manufacturing the color filter and the
liquid crystal display device.

[0009] In order to achieve the above-described ob-
jects, a color filter according to claim 1 is provided.
[0010] A thickness of the coloring layer’s portion (the
first coloring portion) corresponding to the bottom face
is greater than that of the remainder (the second coloring
portion) of the coloring layer. This leads to the following
effects and advantages. That is, on the one hand, the
first light ray, which follows a unidirectional optical path
and which thus has only one opportunity to be colored,
can undergo a relatively high degree of coloring effect,
and the other hand, the second light ray, which follows
a bi-directional optical path and which thus has two op-
portunities to be colored, can undergo a relatively low
degree of coloring effect. Accordingly, it is possible to
reproduce the corresponding colors in more uniform color
purity within a pixel for the first and second light rays,
thereby improving the quality of a color-displaying over
an entire area of the display screen.

[0011] In this aspect, the coloring layer’s portion cor-
responding to the bottom face may have a thickness sub-
stantially two times larger than that of the remainder of
the coloring layer. This construction allows a light ray
incident on the color filter to be much uniformly colored.
[0012] Inaddition, the step-forming layer may be color-
less and transparent. This manner makes it possible to
form a step (or difference of level) in a surface on which
the coloring layer is to be deposited without affecting the
coloring effects caused by the coloring layer.
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[0013] Moreover, the step-forming layer may be
formed from a synthetic resin. This allows the step-form-
ing layer to be formed from ordinary materials.

[0014] The color filter further comprises a flattening
layer of optically transmissive material which is deposited
on at least an area corresponding to the bottom face on
the coloring layer, Thus, a recess of the coloring layer
possibly formed by the bottom face and the step is filled
with the optically-transrnissive material for the flattening
layer, and as a result an entire surface of the color filter
is flattened. Accordingly, planes of incidence of light are
uniformalized over the color filter's surface to suppress
an unexpected light leakage resulting from the recess,
thereby greatly contributing to improvement of the optical
performance for the coloring effect. In addition, even in
the case where a further layer is provided on the color
filter, the further layer never comes into direct contact
with the coloring layer because of existence of the flat-
tening layer. For instance, contamination of liquid crystal
layer can be avoided. Furthermore, the flattened surface
of the color filter can prevent alignment disorder (irregu-
larity) of the alignment layer and the liquid crystal layer
disposed on and above the color filter, respectively.
[0015] Theflatteninglayerinthis manner may be color-
less and transparent. This leads not to affect the coloring
performance of the coloring layer while keeping the
above-described effects and advantages.

[0016] Furthermore, the flattening layer may be formed
from a synthetic resin. This achieves an advantage of
being able to add the flattening layer based on an ordinary
and inexpensive material.

[0017] Also in this aspect, the first coloring portion or
the bottom face may have atleastin partarounded shape
on aplan view. And the first coloring portion or the bottom
face may have substantially a circle shape on a plan view.
Alternatively, the first coloring portion or the bottom face
may have substantially a shape of polygon that is en-
closed with 5 ormore line segments on a plan view. Thus,
the recess-shaped portion of the step-forming layer is
formed, instead of simple rectangle shape, in such a
shape that represents a polygon having greater interior
angles or includes a curving line having a large radius of
curvature as an outline thereof. This is advantageous
with regard to forming the desired pattern accurately.
[0018] The step-forming layer may include an optically
transmissive base material and multiple particles of op-
tically transmissive material having a refractive index dif-
ferent from a refractive index of the base material and
being scatteringly mixed into the base material, and the
base material and particles may consist of synthetic res-
ins. This manner has advantages that the step-forming
layer has an optically diffusing (scattering) ability and
therefore only the second light ray can be selectively dif-
fused. Accordingly, the manner reduces the need for
making the other components to have an optical diffusing
ability for the second light ray, and can exert the suitable
diffusion effect for the second light ray in the refection
mode, independent of diffusion for the first light ray.
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[0019] In order to achieve the above-described ob-
jects, aliquid crystal display device according to another
aspect of the present invention employs any color filter
according to the above-mentioned aspect.

[0020] This aspect may be characterized in that: the
colorfilter is provided to one substrate of the liquid crystal
display device; the other substrate is provided with a pixel
electrode comprising a transmissive electrode part for
making the first light ray to be transmitted therethrough
and a reflective electrode part for making the second light
ray to be reflected therefrom; and the first coloring portion
or an area of the bottom face in the color filter is aligned
with the transmissive electrode part and the other area
in the color filter is aligned with the reflective electrode
part.

[0021] The above-described liquid crystal display de-
vice is able to realize uniform color purity within each
pixel, thereby obtaining high quality color images for dis-
play.

[0022] Furthermore, in order to achieve the above-de-
scribed objects, a method according to claim 8 is provid-
ed.

[0023] Accordingly, the colorfilter, which can make the
previously-described effects and advantages, can be
manufactured in a relatively simple manner,

[0024] Inthis aspect, the method may further comprise
the step of depositing an optically transmissive material
on at least an area corresponding to the bottom face on
the coloring layer so as to form a flattening layer. Accord-
ingly, it is possible to manufacture the color filter capable
of acquiring the above-described advantages relating to
the flattening layer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

Fig. 1is a general plan view of a color filter employed
in a liquid crystal display device not representing an
embodiment of the present invention;

Fig. 2 is a general and enlarged plan view of sub-
regions of a color filter for a pixel of Fig. 1;

Fig. 3 is a general cross sectional view of a color
filter incorporated within a liquid crystal panel, taken
along the line -1l of Fig. 2;

Fig. 4 is a general cross sectional view of a color
filter not representing an embodiment of the present
invention;

Fig. 5 is a general cross sectional view of a color
filter according to an embodiment of the present in-
vention; and

Fig. 6 is a general cross sectional view of a color
filter according to the fourth embodiment of the
present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
(S)

[0026] Now the above-mentioned aspects and other
aspects according to the present invention will be de-
scribed in more detail with reference to the accompany-
ing drawings.

[0027] Fig. 1 illustrates a general plan view of a color
filter 1 employed in a liquid crystal display device not
representing an embodiment according to the present
invention.

[0028] The color filter 1 is partitioned into longitudinal
coloring areas each of which extends in a vertical direc-
tion of a display screen, and which have coloring matters
of red (R), green (G) and blue (B), respectively. These
longitudinal coloring areas are cyclically arranged in or-
der of R, G and B in a horizontal direction on the display
screen. One longitudinal coloring areas may be further
divided in a vertical direction, and each of the divisional
portions corresponds to a pixel. The divisional portion
will be referred to as a pixel area part 10 hereinafter. It
is noted that although the longitudinal coloring areas are
partitioned in a vertical direction by dashed lines as
shown in Fig. 1, the pixel area parts 10 (the pixel area
parts 10 vertically aligned) of one longitudinal coloring
area are neither isolated materially nor physically in the
embodiment. The dashed lines just indicate boundaries
of pixels.

[0029] Fig. 2 illustrates a general enlarged plan view
of one pixel area part 10, and Fig. 3 illustrates a cross
sectional view of a color filter incorporated into a liquid
crystal display panel 100, taken along the line IlI-lll of
Fig. 2. It should be noted that Fig. 3 illustrates a basic
construction of a liquid crystal display panel, and there-
fore, in order to simplify the description, minor layers,
films and structures thereof are omitted.

[0030] The pixel area part 10 is partitioned into a first
region 10t for a transmitted light ray L1 as a first light ray,
asecondregion 10rfor areflected lightray L2 as a second
light ray. The first region 10t and the second region 10r
respectively correspond to and are aligned with a trans-
missive region (transmissive electrode part) 8t and a re-
flective region (reflective electrode part) 8r, the transmis-
sive and reflective regions being formed in a pixel elec-
trode 80 provided on a substrate 70 which is disposed
facing the first and second regions via a liquid crystal
layer LC.

[0031] The first region 10t is formed substantially
shaped like a circle whose center is positioned in the
center of the pixel area, and the second region 10r is in
a form that is a part except the region 10t and surrounds
the region 10t. Therefore, it is assumed that electrode
parts formed in the pixel electrode 80 are also shaped
substantially equal to those of the regions 10t and 10r in
a plan view, respectively.

[0032] As shown in Fig. 3, the pixel area part 10 com-
prises: a transparent resin layer 30 as a step forming
layer formed on a front side transparent substrate 20 of
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the liquid crystal display panel 100 and formed inside the
panel; and a coloring layer 1C formed on and covering
the transparent substrate 20 and the transparent resin
layer 30.

[0033] The transparent resin layer 30 is patterned to
have a shape of the second region 10r, shown in the plan
view. In more detail, the transparent resin layer 30 can
be supported by the substrate 20 and is patterned within
apixel (area) to have arecess-shaped portion comprising
a predetermined shape of bottom surface 3b correspond-
ing to a region for allowing a transmitted light ray L1 to
pass therethrough and a wall surface 3w having a pre-
determined height to thereby form a step on a surface
on which the coloring layer 1C is to be deposited.
[0034] Onlya partof the transparent resin material cor-
responding to the first region 10t is removed so that an
opening (or window) for the transparent substrate 20 is
formed in an area of the part. The coloring layer 1C has
the first region 10t on the opening and the second region
10r on the remainder part thereof, in more detail, on a
portion of the transparent resin layer 30 having been pat-
terned. Therefore, as could be clearly understood by re-
ferring to the figure, a part (first coloring portion) of the
coloring layer 1C corresponding to the first region 10t is
formed thicker than a part (second coloring portion) of
the coloring layer 1C corresponding to the second region
10r.

[0035] Itis preferable that the part of the coloring layer
1C corresponding to the first region 10t is made approx-
imately two times the part of the coloring layer 1C corre-
sponding to the second region 10r for the following rea-
sons.

[0036] Forexample, afteralightrayL1from abacklight
system passes through a transparent electrode part 8t
and a liquid crystal layer LC, it is colored by a portion of
the coloring layer 1C corresponding to the first region 10t
while being guided to an exterior on the front face side
of the panel. On the other hand, an external light ray L2
from the front face side of the panel passes though the
transparent substrate 20 and the transparent resin layer
30, and is once colored by a portion of the coloring layer
1C corresponding to the second region 10r and then
reaches the reflective electrode part 8r through the liquid
crystal layer LC while it is colored again through the por-
tion of the coloring layer 1C corresponding to the second
region 10r after itis reflected the reflective electrode part
8r and returns to the portion. Thereafter, the external
(colored) light ray passes through the transparent resin
layer 30 and the transparent substrate 20 to be directed
to the exterior of the front face side of the panel.

[0037] As described above, since the first part of the
coloring layer in the first region 10t is thicker than the
second part of the coloring layer in the second region
10r, it causes the transmitted light ray L1 to be subjected
to relatively great coloring effect even if the transmitted
light ray is transmitted through the first part only one time.
On the other hand, since the coloring layer portion of the
second region 10r is thinner than coloring layer portion
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of the first region 10t, it can not exert the same degree
of coloring effect as the first region 10t exerts. However,
since the reflected light ray L2 is transmitted two times
through the coloring layer portion of the second region
10r, the light ray L2 is subjected to double coloring effect.
Therefore, it is sufficed to have such a thickness of the
coloring layer portion of the second region 10r that the
reflected light ray L2 can undergo a sufficient degree of
coloring effect when the light ray L2 is transmitted two
times through the coloring layer portion of the second
region 10r. Actually, the coloring layer portion of the sec-
ond region 10r should be made thinner than the coloring
layer portion of the first region 10t in consideration of a
balance between coloring effects exerted by the coloring
layer portions of the first and second regions 10t and 10r.
[0038] Thus, the transmitted light ray L1 and the re-
flected light ray L2 appearing in the outside of the front
side of the panel are uniformly colored so that good color
reproduction characteristics are obtained within a pixel
and over an entire area of the display screen.

[0039] A second example not representing an embod-
iment that is more advanced than the above-described
is shown in Fig. 4.

[0040] A pixel area part 10A of a color filter in Fig. 4
comprises a layer 30A as a step-forming layer which in-
cludes an optically transmissive base material (or matrix
material) 3S and a large number of optically transmissive
particles 3P having a refractive index different from that
of the base material and being scatteredly added to the
base material. The other structural features are the same
as those of Fig. 3.

[0041] The layer 30A has a function of diffusing (or
scattering) a light ray incident thereon and passing there-
through. This function is mainly based on a difference
between the refractive indexes of the base material 3S
and the particles 3P and also depends on parameters
such as shapes, sizes, density and/or distributional con-
dition of the particles in the base material. In order to
prevent unfavorable coloring caused by interaction, the
particles 3P are preferably dispersed randomly within the
base material, and shapes and sizes of the particles are
preferably irregular to some extent. Both the base mate-
rial 3S and the particles 3P may be made of a synthetic
resin.

[0042] Accordingly, the reflected light ray L2 will be
diffused by the step-forming layer 30A, whereby the fol-
lowing advantages are obtained.

[0043] Thatis, the transmitted light ray L1 is usually a
light ray from a backlight and usually enters the color filter
as a light ray having been diffused by a light-guide plate
or the like, whereas the reflected light ray L2 is usually
an external light ray except any light rays from a front-
light and the external light ray enters the color filter with
it being not diffused. In the above-mentioned prior art
reference, a surface of the reflective electrode part of the
pixel electrode is roughened so as to diffuse the reflected
light under consideration for a viewing angle Character-
isticorthe like. However, the example can perform further
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diffusion in the step-forming layer 30A without relying on
the roughening of the prior art orin addition to the diffusion
based on the roughening for the purpose of complement.
[0044] In addition, since the step-forming layer 30A
can selectively diffuse the reflected light ray L2, it is pos-
sible to get a diffusion characteristic suitable for the re-
flected light ray L2 by optimizing the above-described
parameters or the like. For instance, in the case of pro-
viding a diffusion film extending over an entire display
area of the outer face of the display panel, the light ray
L1, which has already been diffused through the above-
described light guide plate or the like, resultantly be-
comes excessively diffused, so that an unfavorable sit-
uation would occur in that transmittance and contrast are
lowered in a transmissive mode. The example can also
address such an unfavorable situation.

[0045] Itshould be noted that a resin layer having such
diffusion performance and the construction thereof are
described in more detail in Japanese Patent Application
Laid-open No. 2000-330106, which is utilized for guid-
ance to realize them.

[Embodiment]

[0046] In the first and second examples there was de-
scribed the examples where the surface of the coloring
layer 1C is sufficiently flattened. If the surface of the color-
ing layer 1C is flat, planes of incidence for light rays on
the surface is uniformly flattened within a pixel. This leads
to advantages in respect of optical performance for color-
ing effect or the other respects.

[0047] However, actually in order to make the surface
of the coloring layer 1C to be flat, an entire thickness of
the coloring layer 1C has to be considerably large or has
to be formed using a special material for the coloring
layer 1C. The first region 10t forms a recess-shaped por-
tion defined by a pattern of the transparent resin layer 30
and a step (or difference in level) is made on a face on
which the coloring layer 1C is deposited so as to corre-
spond to the first region 10t. So, if the coloring layer 1C
is deposited on the face and then treated for finishing
(cured or the like) through a conventional process, the
coloring layer portion of the first region 10t becomes con-
cave as shown in Fig. 5.

[0048] To preventthe coloring layer from being formed
to have such a concave shape, the coloring layer is to
be deposited sufficiently thick so as not to become con-
cave in the finishing. However, under consideration for
getting the desired coloring effect of the color filter, the
coloring layer 1C should not be formed much thicker only
for the purpose of preventing the coloring layer from be-
coming recessed. Furthermore, although a material ca-
pable of preventing the coloring layer 1C from becoming
concave in the first region 10t can also be employed for
the coloring layer to overcome that, it leads to an unfa-
vorable situation where a special material has to be pre-
pared only for the usual coloring layer 1C.

[0049] For these reasons, an embodiment is intended
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to have the steps of forming a coloring layer 1C’ having
a desired film thickness but keeping a concave shape as
shown in Fig. 5 and then curing it, and subsequently ap-
plying a transparent resin to the coloring layer 1C’ to form
an overcoat layer 1p as a flattening layer. With this con-
struction, the recess of the coloring layer 1C’ in the first
region 10t is filled with the transparent resin material. As
aresult, a surface of a pixel area part 10’ of the color filter
or an entire surface of the color filter is flattened as shown
in Fig. 5. As the added overcoat layer 1p is optically trans-
parent, it never affects the coloring performance of the
coloring layer.

[0050] Accordingly, the provision of the overcoat layer
1p makes the surface of the color filter to be flattened
thereby to make the planes of incidence to be more uni-
form, which reduces an unexpected light leakage possi-
bly caused by the concave shape, thereby greatly con-
tributing to improvement of the optical performance for
the coloring effect.

[0051] Furthermore, even in the case where the other
layer such as an alignment layer (not shown) is formed
on the color filter, the coloring layer 1C’ never comes in
direct contact with the other layer, so that the liquid crystal
layer can be advantageously free from contamination,
for example. Moreover, since the surface of the color filter
is made flattened, fluctuations of alignment in the align-
ment layer and liquid crystal layer LC respectively dis-
posed on and above the color filter can be prevented.
[0052] Inthe above-mentioned examples and embod-
iments, there were examples in which the pixel area part
10 corresponding to a pixel in the color filter is partitioned
into two regions, i.e., the circular first region 10t for trans-
mission and the second region 10r for reflection sur-
rounding the region 10t. However, the present invention
is not necessarily limited to those examples. Such sub-
regions may be three or more regions and the divisional
areas may be designed in any shape, any layout and any
number.

[0053] Fundamentally, the transmissive region andthe
reflective region of the color filter correspond to regions
(in the cited embodiments, the transmissive part and the
reflective part formed in the pixel electrode, respectively)
that are assigned to the first light ray and the second light
ray, respectively, the light rays being handled by the dis-
play device, and the geometric shape, disposition and
the number of the transmissive and reflective regions are
designed to coincide with those of the assigned regions.
Therefore, instead of the circular first region 10t and the
second region 10r surrounding the first region as shown
in the foregoing embodiments, the first region may be
shaped like arectangle, generally shaped like arectangle
with four corners being rounded (including an ellipse) or
shaped like a polygon enclosed with five or more line
segments. Note that the recess-shaped portion of the
step-forming layer 30, 30A may be preferably configured
to have a shape having at least a part of an outline of a
polygon with greater interior angles or a curved line with
a greater radius of curvature. Such geometric configura-

10

15

20

25

30

35

40

45

50

55

tion is advantageous for forming the desired pattern ac-
curately. This point becomes more important as the dis-
play device is intended to have a screen composed of
finer pixels.

[0054] Needless to say, further various modifications
may be made in the invention. For example, the pixel
area part may be not necessarily formed in cross stripes
pattern as shown in Fig. 1. Furthermore, the recess-
shaped portion formed in the transparent resin layer 30,
30A is a perfect opening or aperture that causes the sup-
port layer for the layer 30, 30A i.e. the substrate 20 to be
exposed and the bottom surface of the recess-shaped
portion is the surface of the substrate 20. However, as
shown in Fig. 6, a step-forming layer 30’ having a wall
surface 3w’ around the recess-shaped portion may be
formed based on a lower part transparent resin layer 30b
that has a bottom face formed thinner from the same
material as that of the step-forming layer 30’. Additionally,
although the foregoing embodiments employ the color
filter formed directly on the substrate 20, some founda-
tional layer may be inserted between the substrate 20
and the color filter. That is, the present invention is di-
rected to a color filter capable of being supported by a
base layer implying such foundational layer and sub-
strate.

[0055] Moreover, instead of the transparentresin layer
of complete colorlessness and transparence, a resin lay-
er capable of coloring may be employed for some pur-
poses. Additionally, although the foregoing examples
and embodiments employ a color filter for three primary
colors, R, G and B so as to display full-color images, the
present invention is applicable to a color filter for a single
color used to display monochrome images. Furthermore,
additional elements such as a black matrix, which are
required at wish depending on a display system, have
not been explained in the foregoing embodiments, but it
will be apparent that such elements are not excluded in
the present invention.

[0056] The preferred embodiment described herein is
therefore illustrative and not restrictive, the scope of the
invention being indicated by the appended claims.

Claims

1. A color filter for a transflective liquid crystal device
comprising pixels, comprising;

a suhftde(20);

a step-forming layer (30) of transmissive mate-
rial, being supported by the substrate (20), and
forming at least one recess-shaped portion (3b,
3w) having a bottom face (3b) of a predeter-
mined shape corresponding to one of the pixels;
a coloring layer (1C) deposited on the step-form-
ing layer (30) and the recess-shaped portion (3b,
3w), wherein thickness of a portion of the color-
ing layer overlying the recess-shaped portion is
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greater than that of another portion of the color-
ing layer overlying the step-inning layer; and
an electrode comprising a transmissive portion
(8t) and a reflective portion (8r) disposed over
the coloring layer, wherein the transmissive por-
tion (8t) corresponds to the coloring layer over-
lying the recess-shaped portion and the reflec-
tive portion (8r) corresponds to the coloring layer
overlying the step-forming layer;

wherein the color filter has a concave surface and
further comprises a flattening layer (1p) of optically
transmissive material which is deposited on an area
corresponding to at least the recess shaped portion.

A color filter as defined in Claim 1, CHARACTER-
IZED in that a portion of the step-forming layer be-
tween the bottom face of the recess-shaped portion
and a top surface of the substrate is remained.

A color filter as defined in Claim 1 or 2, CHARAC-
TERIZED in that the step-forming layer is colorless
and transparent.

A color filter as defined many one of Claim 1-3,
CHARACTERIZED in that the step-forming layer
has optical diffusiveness.

A color filter as defined in any one of Claims 1-4,
CHARACTERIZED in that the step-forming layer
includes an optically transmissive base material and
multiple particles of optically transmissive material
having a refractive index different from a refractive
index of the base material and being scatteringly
mixed into the base material

Aliquid crystal display device comprising a color filter
as defined in any one of Claims 1-5.

A liquid crystal display device as defined in Claim 6,
CHARACTERIZED in that;

the color filter is provided to one substrate of the
liquid crystal display device;

the other substrate is provided with a pixel elec-
trode comprising a transmissive electrode part
for making the first light ray to be transmitted
therethrough and a reflective electrode part for
making the second light ray to be reflected there-
from; and

an area of the bottom face in the color filter is
aligned with the transmissive electrode part and
the other area in the color filter is aligned with
the reflective electrode part.

8. Method of manufacturing a color niter for a transflec-

tive liquid crystal comprising pixels, for coloring a
first ray of light having a unidirectional path and a
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second my of light having a bidirectional optical path
for each pixel, comprising:

- depositing an optically transmissive material
on a substrate (20),

- patterning the deposited layer of transmissive
material to form a step-forming layer

wherein at least one recess-shaped portion is
formed for a pixel, the recess-shaped portion
having a bottom face (3b) of a predetermined
shape corresponding to an area wherein the first
light ray is caused to be transmitted and a wall
face of a predetermined height, and

- depositing a material for coloring the first and
second light rays on the step-forming layer and
the recess-shaped portion so as to form a color-
ing layer having a concave surface, wherein
thickness of a portion of the coloring layer over-
lying the recess-shaped portion is greater than
that of another portion of the coloring layer over-
lying the step-forming layer; and

- depositing a flattening layer (1p) of optically
transmissive material which is deposited on an
area corresponding to at least the recess
shaped portion.

9. Method according to claim 8, wherein the method

further comprises:

- providing an electrode comprising a transmis-
sive portion (8t) and a reflective portion (8r) dis-
posed over the coloring layer, wherein the trans-
missive portion (8t) corresponds to the coloring
layer overlying the recess-shaped portion and
the reflective portion (8r) corresponds to the
coloring layer overlying the step-forming layer.

10. Method according to any one of the claims 8-9,

wherein patterning the deposited layer of transmis-
sive material is done such that a portion of the step-
forming layer between the bottom face of the recess-
shaped portion and a top surface of the substrate is
remained.

Patentanspriiche

Farbfilter fur eine transflektive, Pixel umfassende
Flussigkristallvorrichtung, umfassend:

ein Substrat (20);

eine Stufen-bildende Schicht (30) aus transmis-
sivem Material, die von einem Substrat (20) ge-
tragen wird und bildend mindestens einen aus-
gespart geformten Teil (3b, 3w) mit einer Grund-
flache (3b) einer zuvor festgelegten, einem der
Pixel entsprechenden Form;

eine Farbschicht (1C), die auf der Stufen-bilden-
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den Schicht (30) und dem ausgespart geformten
Teil (3b, 3w) abgelagert ist, wobei die Dicke ei-
nes Teils der Farbschicht, die Uiber dem ausge-
spartgeformten Teil liegt, gréReristals diejenige
eines anderen Teils der Farbschicht, die Uber
der Stufen-bildenden Schicht liegt; und

eine Elektrode, die einen transmissiven Teil (8t)
und einen reflektiven Teil (8r) umfasst, die tiber
der Farbschicht angeordnet ist, wobei der trans-
missive Teil (8t) der Farbschicht entspricht, die
Uber dem ausgespart geformten Teil liegt, und
der reflektive Teil (8r) der Farbschicht ent-
spricht, die Giber der Stufen-bildenden Schicht
liegt;

wobei der Farbfilter eine konkave Oberflache auf-
weist und weiterhin eine plattende Schicht (1p) von
optisch transmissivem Material umfasst, die auf ei-
nem Bereich abgelagert ist, der mindestens dem
ausgespart geformten Teil entspricht.

Farbfilter nach Anspruch 1, DADURCH GEKENN-
ZEICHNET, dass ein Teil der Stufen-bildenden
Schicht zwischen der Grundflache des ausgespart
geformten Teils und einer oberen Flache des Sub-
strates beibehalten wird.

Farbfilter nach Anspruch 1 oder 2, DADURCH GE-
KENNZEICHNET, dass die Stufen-bildende
Schicht farblos und transparent ist.

Farbfilter nach einem der Anspriche 1-3, DA-
DURCH GEKENNZEICHNET, dass die Stufen-bil-
dende Schicht eine optische Diffusivitat aufweist.

Farbfilter nach einem der Anspriiche 1-4, DA-
DURCH GEKENNZEICHNET, dass die Stufen-bil-
dende Schicht ein optisch transmissives Grundma-
terial und mehrere Teilchen von optisch transmissi-
vem Material mit einem Brechungsindex, der von ei-
nem Brechungsindex des Grundmaterials verschie-
denist, und die in das Grundmaterial eingestreut ge-
mischt sind, beinhaltet.

Flissigkristallanzeigevorrichtung, die einen Farbfil-
ter nach einem der Anspriiche 1-5 umfasst.

Flussigkristallanzeigenvorrichtung nach Anspruch
6, DADURCH GEKENNZEICHNET, dass:

der Farbfilter auf einem Substrat der Fllssigkri-
stallanzeigevorrichtung vorgesehen ist;

das andere Substrat mit einer Pixelelektrode
vorgesehen ist, die einen transmissiven Elektro-
denteil einschliel3t, um zu veranlassen, dass der
erste Lichtstrahl durch sie hindurch Ubertragen
wird, und einen reflektiven Elektrodenteil ein-
schlief3t, um zu veranlassen, dass zweite Licht-
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strahl daran reflektiert wird; und

ein Bereich der Grundflache in dem Farbfilter
mit dem transmissiven Elektrodenteil ausge-
richtet ist und der andere Bereich in dem Farb-
filter mit dem reflektiven Elektrodenteil ausge-
richtet ist.

Verfahren zur Herstellung eines Farbfilters flir einen
transflektiven Pixel umfassenden Flissigkristall zum
Farben eines ersten Lichtstrahls mit einem unidirek-
tionalen Pfad und eines zweiten Strahls von Licht
mit einem bidirektionalen optischen Pfad fir jedes
Pixel, umfassend:

- Abscheiden eines optisch transmissiven Ma-
terials auf einem Substrat (20),

- Musterung der abgelagerten Schicht von trans-
missivem Material unter Bildung einer Stufen-
bildenden Schicht, wobei mindestens ein aus-
gespart geformter Teil fiir ein Pixel geformt wird,
der ausgespart geformte Teil eine Grundflache
(3b) einer zuvor festgelegten Form entspre-
chend einem Bereich, worin sich der erste Licht-
strahl Gbertragen lasst, und eine Wandflache ei-
ner zuvor bestimmten Hohe aufweist; und

- Abscheiden eines Materials zum Farben der
ersten und zweiten Lichtstrahlen auf der Stufen-
bildenden Schicht und dem ausgespart geform-
ten Teil, so dass eine Farbschicht mit einer kon-
kaven Oberflache gebildet wird, wobei die Dicke
eines Teils der Farbschicht, die Giber dem aus-
gespart geformten Teil liegt, groRer ist als die-
jenige eines anderen Teils der Farbschicht, die
Uber der Stufen-bildenden Schicht liegt; und

- Abscheiden einer plattenden Schicht (1p) von
optisch transmissivem Material, die auf einem
Bereich entsprechend mindestens dem ausge-
spart geformten Teil abgelagert ist.

9. Verfahren nach Anspruch 8, wobei das Verfahren

weiterhin umfasst:

- Bereitstellen einer Elektrode, die einen trans-
missiven Teil (8t) und einen reflektiven Teil (8r)
umfasst, angeordnet Uber der Farbschicht, wo-
bei der transmissive Teil (8t) der Farbschicht
entspricht, die Gber dem ausgespart geformten
Teil liegt, und der reflektive Teil (8r) der Farb-
schicht entspricht, die tber der Stufen-bilden-
den Schicht liegt.

10. Verfahren nach einem der Anspriiche 8 bis 9, wobei

die Musterung der abgelagerten Schicht von trans-
missivem Material so erfolgt, dass ein Teil der Stu-
fen-bildenden Schicht zwischen der Grundflache
und dem ausgespart geformten Teil und einer obe-
ren Flache des Substrats beibehalten wird.
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Revendications

Filtre de couleur pour un dispositif a cristaux liquides
transflectif comprenant des pixels, comprenant :

un substrat (20) ;

une couche en forme de marche (30) de maté-
riau transmissif, étant supportée par le substrat
(20), et formant au moins une partie ayant une
forme enretrait (3b, 3w) ayant une face inférieu-
re (3b) d’'une forme prédéterminée correspon-
dant a un des pixels ;

une couche colorante (1C) déposée sur la cou-
che en forme de marche (30) et la partie ayant
une forme en retrait (3b, 3w), I'épaisseur d’'une
partie de la couche colorante recouvrant la par-
tie ayant une forme en retrait étant plus grande
que celle d’une autre partie de la couche colo-
rante superposée recouvrant la couche en for-
me de marche ; et

une électrode comprenant une partie transmis-
sive (8t) et une partie réflective (8r) disposée sur
la couche colorante, la partie transmissive (8t)
correspondant a la couche colorante recouvrant
la partie ayant une forme en retrait et la partie
réflective (8r) correspondant a la couche colo-
rante recouvrant la couche en forme de marche,

dans lequel le filtre de couleurs a une surface con-
cave et comprend en outre une couche de planéité
(1p) d’'un matériau optiquement transmissif qui est
déposée sur une aire correspondant a au moins la
partie ayant une forme en retrait.

Filtre de couleur selon la revendication 1, caracté-
risé en ce qu’une partie de la couche en forme de
marche entre la face inférieure de la partie ayantune
forme enretrait et une surface supérieure du substrat
est laissée en place.

Filtre de couleur selon la revendication 1 ou 2, ca-
ractérisé en ce que la couche en forme de marche
est incolore et transparente.

Filtre de couleur selon I'une quelconque des reven-
dications 1 a 3, caractérisé en ce que la couche en
forme de marche a une propriété de diffusion opti-
que.

Filtre de couleur selon I'une quelconque des reven-
dications 1 a 4, caractérisé en ce que la couche en
forme de marche comporte un matériau de base op-
tiguement transmissif et de multiples particules de
matériau optiquement transmissif ayant un indice de
réfraction différent d’un indice de réfraction du ma-
tériau de base et étant mélangées par diffusion dans
le matériau de base.

10

15

20

25

30

35

40

45

50

55

6.

9.

Dispositif d’affichage a cristaux liquides comprenant
un filtre de couleur selon I'une quelconque des re-
vendications 1 a 5.

Dispositif d’affichage a cristaux liquides selon la re-
vendication 6, caractérisé en ce que :

le filtre de couleur est disposé sur un substrat
du dispositif d’affichage a cristaux liquides ;
l'autre substrat est doté d’une électrode de pixel
comprenant une partie d’électrode transmissive
pour faire en sorte que le premier rayon lumi-
neux soit transmis a travers celui-ci et une partie
d’électrode réflective pour faire en sorte que le
second rayon lumineux soit réfléchi par celui-ci ;
et

une aire de la face inférieure dans le filtre de
couleur est alignée avec la partie d’électrode
transmissive et I'autre aire dans le filtre de cou-
leur est alignée avec la partie d’électrode réflec-
tive.

Procédé de fabrication d’un filtre de couleur pour un
cristal liquide transflectif comprenant des pixels,
pour colorer un premier rayon lumineux ayant un
chemin unidirectionnel et un second rayon lumineux
ayant un chemin optique bidirectionnel pour chaque
pixel, consistant a :

- déposer un matériau optiquement transmissif
sur un substrat (20),

- configurer la couche déposée de matériau
transmissif afin de former une couche en forme
de marche moyennant quoi au moins une partie
ayant une forme en retrait est formée pour un
pixel, la partie ayant une forme en retrait ayant
une face inférieure (3b) d’une forme prédéter-
minée correspondant a une aire dans laquelle
le premier rayon lumineux est amené a étre
transmis et une face de paroi d’'une hauteur pré-
déterminée, et

- déposer un matériau destiné a colorer les pre-
mier et second rayons lumineux sur la couche
en forme de marche et la partie ayant une forme
en retrait afin de former une couche colorante
ayant une surface concave, I'épaisseur d’'une
partie de la couche colorante recouvrant la par-
tie ayant une forme en retrait étant plus grande
que celle d’'une autre partie de la couche colo-
rante recouvrantla couche enforme de marche ;
et

- déposer une couche de planéité (1p) de ma-
tériau optiquement transmissif qui est déposée
sur une aire correspondant au moins a la partie
ayant une forme en retrait.

Procédé selon la revendication 8, le procédé con-
sistant en outre a :
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- fournir une électrode comprenant une partie
transmissive (8t) et une partie réflective (8r) dis-
posée sur la couche colorante, la partie trans-
missive (8t) correspondant a la couche coloran-

te recouvrant la partie ayantune forme enretrait 5
etla partie réflective (8r) correspondant a la cou-

che colorante recouvrant la couche en forme de
marche.

10. Procédé selon I'une quelconque des revendications 70
8 a9, danslequel le modelage de la couche déposée
de matériau transmissif est fait de sorte qu’une partie
de la couche en forme de marche entre la face infé-
rieure de la partie ayant une forme en retrait et une
surface supérieure du substrat soit laissée en place. 15
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