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7) ABSTRACT

A reflective liquid crystal display apparatus with pixels
includes a first electrode substrate, a second electrode sub-
strate and a liquid crystal layer. The first electrode substrate
includes a polymer layer having plural protrusions or
depressions arranged randomly formed on a glass substrate,
and a reflective layer, color filters, transparent electrodes,
and an alignment layer formed and laminated sequentially
on the polymer layer. The second electrode substrate,
includes transparent electrodes and an alignment layer
formed and laminated on a glass substrate, and arranged so
that the alignment layer faces the alignment layer on the first
electrode substrate. The liquid crystal layer is formed by
filling a liquid crystal composition into an interval between
the first and second c¢lectrode substrates. Portions of the
reflective layer corresponding to the portions of each pixel
other than apertures of each pixel are colored black.
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REFLECTIVE COLOR LIQUID CRYSTAL
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a Divisional application of U.S. patent
application Ser. No. 09/425,614, filed Oct. 22, 1999, the
subject matter of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display apparatus, in particular, to a liquid crystal display
apparatus provided with an effective function for producing
a reflective color display.

[0003] A conventional reflective color liquid crystal dis-
play apparatus, which comprises a reflector provided with
many micro-protrusions formed of resin, is disclosed in
JP-A-4-243226 (1992). A color filter for a reflective color
liquid crystal display apparatus is disclosed in JP-A-6-
230364 (1994) and other publications. The color filter will
not create any problems in the driving of a liquid crystal,
such as when an optical reflector causes an electrical short
circuit with transparent electrodes via a defect in the color
filter, if the reflector is patterned to a shape approximately
the same as the shape of the color filter.

[0004] A reflector comprising many fine protrusion-de-
pression reflecting planes, whereon circular protrusions or
depressions are arranged irregularly so as not 1o generate
optical interference, has been proposed.

[0005] Furthermore, JP-A-10-177106 (1998) discloses a
liquid crystal display apparatus, in which a liquid crystal
element comprises a reflector, which is made to collect
incident light in a specified direction by forming circular
protrusions or depressions having unsymmetrical distribu-
tion of slope angles in their cross sectional shape.

SUMMARY OF THE INVENTION

[0006] In accordance with the prior techniques described
above, the use of a black matrix becomes unnecessary,
because the liquid crystal driving will not create any prob-
lems, such as when an optical reflecting film forming a
reflector causes an electrical short circuit with transparent
clectrodes via a defect of a color filter, if the reflector is
patterned to a shape approximately the same as the shape of
the color filter, and so unnecessary reflection of light from an
unopened portion can be prevented. However, the color filter
for a reflective color liquid crystal display apparatus has a
problem in that contrast is decreased with an element
structure having no black matrix layer, depending on the
display mode (for instance, normally open mode), because
the color filter for a reflective color liquid crystal display
apparatus must have spectral characteristics positively uti-
lizing the light in a certain wavelength region, which should
be shielded naturally.

[0007] Because a liquid crystal layer having a uniform
thickness could not be formed with the composition of the
liquid crystal display devices described above, wherein only
a color filter layer was formed on a surface-roughened
reflector, the color filter had an additional problem in that the
quality of display (brightness and contrast) was decreased.
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[0008] In accordance with the prior liquid crystal display
devices, if a leveling layer was provided on the color filter
layer for forming a liquid crystal layer having an uniform
thickness, a problem, such as a decrease of the brightness,
and other problems were generated.

[0009] The prior liquid crystal display devices had a
problem in that the display was dark, because, in order to
prevent coloring caused by optical interference by arranging
circular protrusions or depressions irregularly in a region
corresponding to pixel electrode portions, the number of
protrusions or depressions, which were reflecting elements
for controlling incident light, was decreased significantly
from a case in which the protrusions or depressions were
arranged in a closely packed manner.

[0010] In accordance with the prior liquid crystal display
devices, reflected light was collected in a specified direction
by making the slope angle distribution of the circular
protrusions or depressions unsymmetrical. Therefore, there
was a problem, such as difficulty in controlling the shape of
the fine protrusions or depressions, because the manufac-
turing process became complex.

[0011] Furthermore, in accordance with the prior liquid
crystal display devices, fine circular protrusions or depres-
sions were formed by a photolithography method. There-
fore, there was a problem, such as a high cost of manufac-
ture, because the manufacturing process was complex, and
the number of manufacturing steps was large.

[0012] The object of the present invention is to provide a
liquid crystal display apparatus comprising a reflector hav-
ing preferable reflecting characteristics by solving the above
described problems, and to provide a method of manufacture
thereof.

[0013] As a first means for achieving the above object, the
reflective color liquid crystal display apparatus of the
present invention uses the following liquid crystal display
construction.

[0014] The liquid crystal display apparatus comprises an
electrode substrate, wherein a reflector composed of a metal,
such as aluminum, silver, and the like, is deposited on many
fine protrusions and depressions formed on a resin layer,
wherein a black pigment having a light shielding function is
dispersed, and the resin layer is disposed on a glass sub-
strate. Color filters of red, green, and blue having a leveling
function are formed on the reflector; and transparent elec-
trodes and an alignment layer are formed on the color filters.
The liquid crystal display apparatus has another electrode
substrate, wherein transparent electrodes and an alignment
layer are formed on a glass substrate. The liquid crystal
display apparatus is manufactured by joining the electrode
substrates via a spacing material for defining the thickness of
the liquid crystal so that each of the alignment layers face
each other, filling liquid crystal into the interval between the
electrode substrates by any method such as a vacuum filling
method and the like, and sealing the interval.

[0015] As a second means for achieving the above object,
the reflective color liquid crystal display apparatus of the
present invention has a reflector composed by laminating a
polymer layer having protrusions and depressions and a
reflective layer onto a glass substrate. The reflector com-
prises the polymer layer, whereon fine protrusion-depression



US 2002/0191134 Al

planes are formed by the following method and the like in
order to achieve the above object.

[0016] 1) string-shaped protrusions having smooth curves,
or string-shaped depressions are arranged continuously and
alternately;

[0017] 2)string-shaped protrusions having a smooth curve
are arranged continuously; and

[0018] 3) string-shaped depressions having a smooth
curve are arranged continuously.

[0019] In the reflector of the reflective liquid crystal
display apparatus of the present invention, fine protrusion-
depression planes are formed on the polymer layer by
arranging the string-shaped protrusions or the string-shaped
depressions in such a manner that the slope angle distribu-
tion of the cross sectional shapes of the depressions, and
depressions in a direction at a right angle to the longitudinal
direction, is approximately symmetrical from right and left,
and the total lengths of the respective string-shaped protru-
sions or string-shaped depressions in respective directions
are approximately equal.

[0020] In the reflector of the reflective liquid crystal
display apparatus of the present invention, fine protrusion-
depression planes are formed on the polymer layer by
arranging the string-shaped protrusions or the string-shaped
depressions in such a manner that the slope angle distribu-
tion of the cross section shapes of the depressions, and the
depressions in a direction at a right angle to the longitudinal
direction, is approximately symmetrical from right and left,
and the total lengths of the respective string-shaped protru-
sions or string-shaped depressions in respective directions
differ from each other.

[0021] The reflective liquid crystal display apparatus of
the present invention is featured in having an electrode
substrate formed by a polymer layer, which comprises fine
protrusion-depression planes composed of string-shaped
protrusions and string-shaped depressions, a reflective layer,
an insulating layer, transparent electrodes, and an alignment
layer laminated on a glass substrate; and another electrode
substrate comprising a black matrix layer, color filters, a
leveling layer, transparent electrodes, and an alignment layer
laminated on a glass substrate; wherein the substrates are
arranged so that the transparent electrodes of the above
respective electrode substrates face each other on either side
of the liquid crystal layer.

[0022] The reflective liquid crystal display apparatus of
the present invention is featured in having an electrode
substrate formed by polymer layers, wherein a black pig-
ment and the like is dispersed, comprising fine protrusion-
depression planes composed of string-shaped protrusions
and string-shaped depressions, rectangular reflective layers
arranged only at portions corresponding to the pixels, color
filters, leveling layers, transparent electrodes, and alignment
layers laminated on a glass substrate; and another electrode
substrate comprising transparent electrodes, and alignment
layers laminated on a glass substrate; wherein the substrates
are arranged so that the transparent electrodes of the above
respective electrode substrates face each other on either side
of the liquid crystal layer.

[0023] The reflective liquid crystal display apparatus of
the present invention is featured by a protrusion-depression
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pattern composed of protrusions or depressions formed by a
simulation method of phase separation pattern generation by
spinodal decomposition, the protrusion-depression pattern
being used as a black matrix pattern for a photo mask used
in forming the polymer layer, or a master pattern for a
protrusion-depression pattern formed in a transcription die.

[0024] In the formation of the reflective liquid crystal
display apparatus of the present invention, the simulation
method for pattern generation by spinodal decomposition is
a numerical simulation using:

[0025] 1) Cahn-Hilliard-Cook equation,

[0026] 2) Time dependent Ginzburg-Landau equation
[0027] 3) Cell-Dynamical-System equation, and others.
[0028] In the formation of the reflective liquid crystal

display apparatus of the present invention, the pattern of a
black matrix portion or the pattern of a transparent portion
for the photo mask used in forming the reflector is either a
pattern generated by simulation of the spinodal decomposi-
tion, or a pattern obtained by image processing of the pattern
generated by simulation of the spinodal decomposition and
taken into a computer and the like.

[0029] 1In the formation of the reflective liquid crystal
display apparatus of the present invention, the pattern gen-
erated by the simulation method is either a pattern indicating
reflecting characteristics which are uniform in all directions,
or a pattern indicating reflecting characteristics in which
incident light is collected in a specified direction.

[0030] In the reflective liquid crystal display apparatus of
the present invention, the liquid crystal display elements
comprise a reflective electrode substrate, composed by lami-
nating a reflector formed on a polymer layer comprising
smooth protrusion-depression planes composed of a string-
shaped pattern, which can be arranged in a closely packed
manner, an insulating layer, plural transparent electrodes,
and an alignment layer on one side of a glass substrate; a
color filter substrate, composed by laminating a black matrix
layer, color filters, a leveling layer, plural transparent elec-
trodes, and an alignment layer on one side of another glass
substrate; and liquid crystal filled in an interval between the
reflective electrode substrate and the color filter substrate.

[0031] The manufacture of the reflective liquid crystal
display apparatus of the present invention includes a method
of forming a reflection electrode substrate, comprising the
steps of: applying a photosensitive resin onto a glass sub-
strate, and forming a polymer layer comprising smooth
protrusion-depression planes composed of string-shaped
protrusions and string shaped depressions using a transcrip-
tion casting roll, or a template, and the like having protru-
sions and depressions satisfying predetermined conditions;
forming a reflective layer onto the polymer layer, and
forming an insulating layer onto the reflective layer, forming
transparent electrodes onto the insulating layer, and forming
an alignment layer onto the transparent electrodes. The
manufacture of the reflective liquid crystal display apparatus
further includes a method of forming a color filter substrate
comprising the steps of: forming a black matrix layer onto
one side of another glass substrate, forming color filters onto
the black matrix layer, forming a leveling layer onto the
color filter, forming transparent electrodes onto the leveling
layer, and forming an alignment layer onto the transparent
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electrodes. Then, liquid crystal materials is filled into an
interval between the reflection electrode substrate and the
color filter substrate, and the interval is sealed.

[0032] Furthermore, the method of manufacturing the
reflective liquid crystal display apparatus of the present
invention comprises forming a reflector on a glass substrate,
whereon a polymer layer comprising smooth protrusion-
depression planes satisfying at least one of the following
conditions has been formed:

[0033]

[0034] 2) a pattern wherein string-shaped protrusions and
string-shaped depressions are arranged so that the protru-
sions and depressions are arranged continuously, or the
protrusions or the depressions are arranged continuously,
and

[0035] 3) a pattern wherein sums of total length compo-
nents in any direction of the protrusions and corresponding
direction of the depressions are approximately equal, or the
sums of the total length components in respective directions
of the protrusions and that of the depressions are different
from each other.

[0036] The method of manufacturing a reflective liquid
crystal display apparatus includes forming a reflection elec-
trode substrate comprising the steps of: applying a photo-
sensitive resin onto a side of a glass substrate to form a
polymer layer comprising smooth protrusion-depression
planes by patterning the polymer layer with a transcription
casting roll, or a template, and the like, whereon the pattern
is formed to satisfy the above conditions; shaping the
polymer layer comprising the protrusion-depression planes
to smooth the protrusion-depression planes by irradiating
light or heat treating the substrate; forming a reflective layer
onto the polymer layer comprising the smooth protrusion-
depression planes; forming a leveling layer onto the reflec-
tive layer, forming plural transparent electrodes onto the
leveling layer, and forming an alignment layer onto the
transparent electrodes. The method of manufacture also
includes forming a color filter substrate comprising the steps
of: forming a black matrix layer onto another glass substrate,
forming color layers onto the black matrix layer, forming a
leveling layer onto the coloring layers, forming plural trans-
parent electrodes onto the leveling layer, and forming an
alignment layer onto the transparent electrodes. The method
of manufacture further comprises the steps of joining the
respective substrates with the alignment layers facing each
other, filling liquid crystal into an interval between the
reflection electrode substrate and the color filter substrate,
and sealing the interval. The method of manufacturing the
reflective liquid crystal display apparatus further comprises
the steps of adhering a designated phase plate and polarizer
on the surface of the glass substrate other than the surface
whereon the color filters of the liquid crystal display element
are formed, connecting a tape carrier package (hereinafter
called TCP) whereon an IC for driving the liquid crystal is
mounted, and an external circuit for driving to the liquid
crystal display element, and assembling the liquid crystal
display element into a frame, case, and the like.

[0037] Another method of manufacturing a reflective lig-
uid crystal display apparatus involves manufacturing a
reflective liquid crystal display element having a reflector,
wherein the reflector is formed on a glass substrate having

1) a string-shaped pattern having smooth curves;

Dec. 19, 2002

many fine protrusions or depressions formed thereon. The
method of manufacturing a liquid crystal display element
includes forming a reflection electrode substrate comprising
the steps of: applying a photosensitive resin onto a side of a
glass substrate and, subsequently, forming a polymer layer
comprising smooth protrusion-depression planes, whereon
string-shaped protrusions and string-shaped depressions are
arranged continuously and alternately, by patterning the
polymer layer by heat treatment after exposing and devel-
oping the photosensitive resin via a light shielding means,
wherein the pattern is formed using a simulation of spinodal
decomposition so that the string-shaped pattern comprises
smooth curves having a uniform width and a designated
length component in a black matrix region or a transparent
region, and the sum of the length components in the black
matrix region or transparent region become approximately
equal each other in respective directions; forming a reflec-
tive film on the polymer layer having the protrusion-depres-
sion planes, forming a leveling layer on the reflective layer,
and forming plural transparent electrodes on the leveling
layer. The method of manufacture also includes forming a
color filter substrate comprising the steps of: forming a black
matrix layer onto another glass substrate, forming color
filters onto the black matrix layer, forming a leveling layer
onto the color filters, and forming plural transparent elec-
trodes onto the leveling layer. The method of manufacture
further comprises the steps of jointing the respective sub-
strates with the transparent electrodes facing each other,
filling liquid crystal into an interval between the reflection
electrode substrate and the color filter substrate, and sealing
the interval. The method of manufacturing a reflective liquid
crystal display apparatus is completed by adhering a desig-
nated phase plate and polarizer on the surface of the glass
substrate other than the plane whereon the color filters of the
liquid crystal display element are formed, connecting TCP,
whereon an IC for driving the liquid crystal is mounted, and
an external driving circuit to the liquid crystal display
element, and assembling the liquid crystal display element
into a frame, case, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIGS. 1(a) to 1(i) illustrate a set of schematic cross
sections indicating steps in the manufacture of the reflective
color liquid crystal display element of an embodiment 1;

[0039] FIG. 2 is a schematic cross section of the reflective
color liquid crystal display element of the embodiment 1;

[0040] FIG. 3 is a schematic cross section of the reflective
color liquid crystal display apparatus of the present inven-
tion;

[0041] FIG. 4 is a schematic plan view indicating details
of a pixel portion of the reflective color liquid crystal display
element of the embodiment 1;

[0042] FIG. 5 is a schematic cross section of the reflective
color liquid crystal display element of an embodiment 2,

[0043] FIG. 6 is a schematic cross section of the reflective
color liquid crystal display element of an embodiment 3;

[0044] FIG.7 is a schematic cross section of the reflective
color liquid crystal display element of an embodiment 4;

[0045] FIG. 8 is a schematic cross section of the reflective
color liquid crystal display element of an embodiment 5,



US 2002/0191134 Al

[0046] FIGS. 9(a) and 9(b) are diagrams which illustrate
a photo mask pattern, for forming protrusions and depres-
sions composed of string-shaped protrusions and string-
shaped depressions, and a polymer layer generated by the
photo mask pattern, respectively;

[0047] FIGS. 10(a) to 10(c) are diagrams which show a
cross sectional structure of the diffusion reflector composed
of string shaped protrusions and string shaped depressions;

[0048] FIG. 11 is a schematic cross section of the reflec-
tive color liquid crystal display element in an embodiment 6;

[0049] FIG. 12 is a schematic cross section of the reflec-
tive color liquid crystal display apparatus of the present
invention;

[0050] FIG. 13 is a schematic cross section of the reflec-
tive color liquid crystal display element in an embodiment 7;

[0051] FIG. 14 is a schematic cross section of the reflec-
tive color liquid crystal display element in an embodiment §;

[0052] FIG. 15 is a schematic cross section of the reflec-
tive color liquid crystal display element in an embodiment 9;

[0053] FIGS. 16(a) to 16(j) show a set of schematic cross
sections indicating steps in a method of manufacturing the
reflective color liquid crystal display element in the embodi-
ment 6; and

[0054] FIGS. 17(a) to 17(i) shown a set of schematic cross
sections indicating steps in a method of manufacturing the
reflective color liquid crystal display element in the embodi-
ment 7.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0055] An example of a method of forming an element of
the reflective color liquid crystal display apparatus, practi-
cally, by arranging color filters (red, green, blue, or cyan,
magenta, yellow) having a leveling function on a diffusion
reflector provided inside the apparatus, wherein a plurality
of reflectors, obtained by patterning each of the pixel elec-
trodes onto a polymer layer forming a protrusion and a
depression having a shielding function, according to the
present invention, are laminated, includes the following
manufacturing steps:

[0056] (1) a step of applying a photosensitive resin or a
thermosetting resin onto a polymer base film, whereon many
micro-protrusions and depressions are provided randomly
(pitch: 10-30 um, height or depth: 0.5-2.0 um), drying the
resin to obtaining a transcription film, and adhering the thin
film made of the photosensitive resin or the thermosetting
resin to a glass substrate by heating (50-150° C.) and
pressurizing (1-12 kg/cm®) the transcription film, using a
laminator and the like, from the upper surface of the support,
i.e. the polymer base film;

[0057] (2) a step of peeling off the polymer base film, i.c.
the support;
[0058] (3) a step of forming a reflector (a thin film of

aluminum, silver, and the like, film thickness: 100-300 nm)
onto a thin polymer layer having the previously described
protrusions and depressions, and in which a black pigment
is dispersed,
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[0059] (4) a step of patterning (removing portions of the
reflector corresponding to non-aperture portion) the reflector
corresponding to respective pixel electrodes;

[0060] (5) a step of forming color filters (red, green, blue,
or cyan, magenta, yellow, film thickness: 1.0-5.0 ym) having
a leveling function onto the reflector;

[0061] (6) a step of forming transparent electrodes (ITO
(Indium Tin Oxide), film thickness: 100-300 nm) onto the
color filters;

[0062] (7) a step of forming an alignment layer (polyim-
ide, film thickness: 50-150 nm) onto the transparent elec-
trode for composing an electrode substrate;

[0063] (8) a step of forming transparent electrodes onto a
glass substrate for composing another electrode substrate;

[0064] (9) a step of forming an alignment layer (polyim-
ide, film thickness: 50-150 nm) onto the transparent elec-
trodes formed on the other electrode substrate in the step (8);

[0065] (10) a step of joining the electrode substrate, com-
posed by the manufacturing step (7), to the other electrode
substrate, composed by manufacturing step (9), so that the
alignment layer of the respective planes face each other via
a spacing material (polymer beads, silica beads, glass fiber,
particle size: 6 um), sealing the periphery of both electrode
substrates with a sea ling material (epoxy resin wherein the
above spacing material is dispersed) except for an injection
opening;

[0066] (11) a step of preparing the liquid crystal display
element by filling liquid crystal material into the interval
between both electrode substrates via the injection opening,
and then, sealing the injection opening.

[0067] And, the liquid crystal display apparatus of the
present invention is completed by the following steps:

[0068] (12)astep of adhering a designated phase plate and
a polarizer to a surface of the glass substrate, whereon only
the transparent electrode is formed, of the liquid crystal
display element;

[0069] (13) astep of connecting a TCP, whereon an IC for
driving liquid crystal is mounted, and an external driving
circuit to the liquid crystal display element; and

[0070] (14) astep of assembling the liquid crystal display
element to a case, or frame, and the like.

[0071] Thus, the liquid crystal display apparatus of the
present invention is completed.

[0072]

[0073] (1) A reflective color liquid crystal display appa-
ratus, which can display images of high brightness and high
contrast, can be provided, because reflection light from a
non-aperture portion can be decreased significantly by pro-
viding a black matrix function to the diffusion base layer (a
polymer layer with protrusions and depressions) by dispers-
ing black pigment and the like therein, and by arranging the
reflector laminated on the diffusion base layer only at
portions corresponding to an aperture.

[0074] (2) A reflective color liquid crystal display appa-
ratus, which can display bright and high contrast images, can
be product at a low price, because a black matrix can be
omitted by providing the black matrix function to the

In accordance with the present invention,
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diffusion base layer (a polymer layer with protrusions and
depressions), and arranging the reflector only at aperture
portions.

[0075] (3) A reflective color liquid crystal display appa-
ratus, which can display bright images with a high contrast,
can be provided at a low price, because the leveling layer can
be omitted by providing the leveling function for eliminating
steps of the diffusion reflector to the color filter by forming
the color filter using a printing method, or a transcription
method and the like.

[0076] (4) A reflective color liquid crystal display appa-
ratus of low cost can be provided, because the number of
materials used to form an element can be decreased by
providing the black matrix function to the diffusion base
layer and the leveling function to the color filter, respec-
tively.

[0077] The resin materials using for the diffusion base
layer (a polymer layer with protrusions and depressions) can
be selected arbitrarily corresponding to its usage from any of
available photosensitive resins and non-photosensitive res-
ins.

[0078] Now, a reflective liquid crystal display element
according to the present invention will be explained. In
accordance with the present invention, a reflective super
twisted pneumatic mode color liquid crystal apparatus (here-
inafter, called a reflective STN color liquid crystal display
apparatus), which is used for hand held type personal
computers corresponding to a %2 VGA having a display scale
of 640x240 dots (picture element pitch: 0.3 mmx0.3 mm,
pixel size: 0.288 mmx0.288 mm, plane diagonal size: 8.1
inches) or out side purposes, mainly will be considered.

[0079] However, the present invention does not depend on
the driving types of the liquid crystal, and the present
invention is not restricted to the STN mode liquid crystal
display type, because it is applicable to either the active
addressing type or the passive type.

Embodiment 1

[0080] An example of a method of manufacturing the
reflective color liquid crystal display element relating to the
present invention will be explained with reference to a set of
schematic cross sections illustrated in FIGS. 1(a) to 1(i).

[0081] Inthe manufacturing step of FIG. 7(a), a transcrip-
tion film is prepared by coating a high polymer base film 15,
on the surface of which many depressions have been formed
(polyethylene terephthalate, film thickness: 50 ym, depres-
sion pitch: approximately 15 um, depth of the depression:
1.2 um), with a black pigment dispersed polymer layer 2
(film thickness: 1.5 um) composed of acrylic resin (either of
epoxy group resin or amido group resin is usable, the black
pigment dispersed polymer layer 2 can be either of photo-
sensitive resin or non-photosensitive resin), wherein a black
pigment, carbon, or the like is dispersed; drying the film;
and, subsequently, adhering a cover film (not shown in the
figure, polyethylene, film thickness: 6 um) on the black
pigment dispersed polymer layer 2.

[0082] The transcription film is transferred onto a glass
substrate 1 (soda glass, thickness: 0.7 mm) using a laminator
18 (temperature of the substrate: 100° C., roll pressure: 6
kg/em®, moving velocity: 0.5 m/minute). Subsequently,
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main curing is performed (100° C./30 minutes), and the
black pigment dispersed polymer layer 2 having many
depressions is formed by peeling off the high polymer base
film.

[0083] In the manufacturing step of FIG. 1(b), a reflector
3 made of aluminum (silver is usable, film thickness: 100
nm) is formed on the black pigment dispersed polymer layer
2 having many depressions.

[0084] In the manufacturing step of FIG. 1(c), after form-
ing a photosensitive polymer layer 4 (film thickness: 1.5 ym)
on the reflector 3, the photosensitive polymer layer 4 is
exposed to ultraviolet rays 17 via a photo mask 16.

[0085] In the manufacturing step of FIG. 1(d), the pho-
tosensitive polymer layer 4 is developed under a designated
developing condition to remove the reflector 3 at portions
corresponding to intervals between electrodes and the black
matrix layer, and to form the reflector 3 (size: 288 umx88
um, interval: 12 ym) at portions (rectangular shapes) corre-
sponding only to locations where apertures are to be pro-
vided.

[0086] In the manufacturing steps of FIGS. 1(e) and 1()),
non-photosensitive color filters 5a, 5b, 5¢ (film thickness:
2.0 um) are formed on the reflector 3 being patterned as
rectangular shapes by an intaglio printing method so as to
level the protrusions and depressions on the surface of the
reflector 3.

[0087] In the manufacturing step of FIG. 1(g), the non-
photosensitive color filters 5a, b, 5S¢ are cured under a
designated condition to form color filters of red, green, and
blue (yellow, cyan, and magenta are usable) 5a, 5b, Sc.

[0088] In the manufacturing step of FIG. 1(%), a transpar-
ent electrode 6 (ITO, film thickness: 260 nm, scanning
electrodes of; number of the electrode: 240, electrode pitch:
300 wpm, electrode width: 292 um, interval between the
electrodes: 8 um), and alignment layer 7 (polyimide group,
film thickness: 70 nm) are formed on color filters Sa, 5b, Sc.

[0089] Inthe manufacturing step of FIG. 1(i), an electrode
substrate formed by the above manufacturing steps of FIGS.
1(a) to 1(#) and another electrode substrate, which was
manufactured by forming transparent electrodes 11 (ITO
film, film thickness: 260 nm, signal electrode of; number of
the 1920, electrode pitch: 100 um, electrode 92 um, interval
between the electrodes: 8 pm), and an alignment layer 12
(polyimide group, film thickness: 700 nm) on a glass sub-
strate 10 (soda glass, plate thickness: 0.7 mm), are arranged
so that the transparent electrodes 6, 11 of the electrode
substrates face each other. The two substrates are assembled
via spacers 13 (particle size: 6 um) made of polymer beads
equivalent to the thickness of the liquid crystal layer 14.

[0090] Then, the two clectrode substrates are sealed with
a sealing material, which is made of epoxy resin mixed with
polymer beads (silica beads are also usable) and formed at
the periphery of the substrates; and, a reflective color liquid
crystal display element was prepared by filling the interval
between the electrode substrates with a liquid crystal 14 (a
liquid crystal composition made of cyano PCH and a trans-
fer sealing the interval (with photosensitive acrylic resin or
photosensitive epoxy resin).

[0091] Furthermore, the reflective color liquid crystal dis-
play element was manufactured by arranging designated
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phase plates 20, 21, and a polarizer 22 on the glass substrate
of the above reflective color liquid crystal display element,
as illustrated in FIG. 2.

[0092] Furthermore, as shown in FIG. 3, a reflective color
liquid crystal display apparatus is formed by mounting a
printed substrate, provided with a tape carrier package 31,
on which there is provided an IC for driving the liquid
crystal, power supply circuits, control circuits, and other
elements, on the above reflective color liquid crystal display
element 30.

[0093] Next, a relationship among the reflector 3, color
filters 5a, 5b, 5¢, and transparent electrodes 6, 11 in the
reflective color liquid crystal display element of the present
invention will be described with reference to FIG. 4. As
indicated in FIG. 4, the reflectors at the portion correspond-
ing to the intervals between the transparent electrodes 6, 11
are removed, and color filters are laminated at the portions
where the reflectors are removed. Therefore, a high contrast
display becomes possible, because unnecessary incident
light can be absorbed by not only the color filters, but also
by the black pigment dispersed polymer layer 2, which is a
base layer of the diffusion reflector, and unnecessary inci-
dent light from non-aperture portions can be eliminated even
if the structure does not have a black matrix layer.

[0094] In a relationship between the reflector and the
transparent electrodes, the interval between the reflective
films is set somewhat wider than the interval between the
transparent electrodes as indicated in FIG. 4. This setting is
advantageous to the factors which affect image quality, such
as brightness, contrast, and others.

[0095] In accordance with the present embodiment, the
black pigment dispersed polymer layer, provided as the base
layer for the diffusion reflector, was formed by arranging
many fine protruded (semi-spherical) resins of approxi-
mately 15 um in diameter and 1.2 gm high so as not to
generate optical interference, and forming an aluminum film
of 100 nm thick thereon. However, the material, shape, size,
and other factors of the protruded resin can be selected
depending on its object.

[0096] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, providing
images which-are bright from all directions and are of high
contrast, can be provided, because unnecessary reflecting
light from the non-aperture portions can be eliminated by
not only the reflective film on the black pigment dispersed
polymer layer, i.e. the base layer of the diffusion reflector
formed only at the apertures, but also by the black pigment
dispersed polymer layer, i.e. the base layer of the diffusion
reflector, which absorbs incident light at the non-aperture
portions.

[0097] In particular, the element can be formed so that the
aperture, which determines the brightness, can be controlled
approximately by the preciseness of patterning only the
reflective film and transparent electrodes, of which the
patterning can be made relatively easily. Therefore, a reflec-
tive color liquid crystal display apparatus, which realizes
bright images from all directions and images of high con-
trast, can be provided.

[0098] By forming the reflector and the color filters on a
same glass substrate, an advantage relating to improvement
of the production yield of the transparent electrodes can be
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realized, because the signal electrodes requiring a high
preciseness corresponding to the color filters can be formed
directly on the glass substrate of another electrode substrate.

[0099] In particular, in accordance with the present
embodiment, the color filters 5a, 5b, 5¢ having flat surface
can be formed on the diffusion reflector having large pro-
trusions and depressions by a printing method or a tran-
scription method. Therefore, not only does the leveling layer
become unnecessary, but also other advantages, such as
provision of a reflective color liquid crystal display appara-
tus which obtains bright and high contrast images, can be
provided with a low cost.

[0100] Further, because signal electrodes having a narrow
electrode width and a small electrode pitch can be formed
directly onto the glass substrate, the mounting and correct-
ing of the TCP provided with an IC for liquid crystal driving
are easy, and an advantage of improved the production yield
of the liquid crystal element can be achieved.

[0101] Furthermore, the number of manufacturing steps
can be decreased significantly by using a transcription film,
whereon the reflector and polymer layer are laminated
sequentially onto a polymer base film having fine protru-
sions-depressions.

[0102] Particularly, the reflective color liquid crystal dis-
play apparatus, which produces uniform and bright images
all over the display plane with a high contrast, can be
provided at a low cost by forming the color filters using a
printing method, by which it is possible to print the three
colors of red, green, and blue simultaneously by one step,
because color filters with a flat surface, which provides the
same function as a leveling layer, can be formed.

[0103] Although it is not shown in the figure, a leveling
layer also may be provided between the reflector 3 and the
color filters 5a, 5b, 5¢, or between the color filters 5a, 5b, 5c¢,
and the transparent electrodes 6.

[0104] In accordance with the present embodiment, the
diffusion reflector and the color filters were formed on the
same substrate, but in a case when the diffusion reflector and
the color filters were formed on different substrates, the
same characteristics as the present embodiment can be
obtained, even though the brightness is decreased somewhat.

Embodiment 2

[0105] Next, an example of another reflective color liquid
crystal display element of the present invention will be
explained with reference to FIG. 5.

[0106] As indicated in FIG. 5, the reflective liquid crystal
display apparatus is provided with a reflective liquid crystal
display element, which was prepared as follows. An elec-
trode substrate, wherein a polymer layer 2 comprising many
protrusions (resin: acrylic, protrusion pitch: approximately
15 um, height: 1.2 um), a reflective layer 3 (silver, film
thickness: 100 nm), a black matrix layer 24 (silver, film
thickness: 100 nm, blackening treatment: sulfide treatment,
pitch: 300 4umx100 ym, width: 12 um), color filters 5a, 5b,
5c (pigment type, film thickness: 3.0 um, width: 100 um), a
transparent electrode 6 (ITO film, film thickness: 260 nm,
width of electrode: 292 um, interval between electrodes: 8
um), and a alignment layer (polyimide, film thickness: 100
nm), were laminated on a glass substrate 1 (soda glass, plate
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thickness: 0.7 mm). Then, another electrode substrate,
wherein transparent electrodes 11 (ITO film, film thickness:
260 nm, electrode width: 92 um, interval between elec-
trodes: 8 um), and an alignment layer 12 (polyimide, film
thickness: 100 nm) were laminated on a glass substrate 10
(soda glass, plate thickness: 0.7 mm). The above-described
two electrode substrates were then opposed via a spacer
material 13 of polymer beads (particle size: 8 um), and
liquid crystal 14 (a liquid crystal composition composed of
cyano PCH and a transfer derivative, liquid crystal thick-
ness: 6 um, twisted angle: 250°) was filled into the interval
between the two electrode substrates. Subsequently, a des-
ignated optical scattering plate 23, phase plates 20, 21, and
a polarizer 22 were provided onto the outer side of the glass
substrate 10 of the reflective liquid crystal display element.

[0107] In accordance with the present embodiment, the
reflector at portions corresponding to the black matrix layer
was blackened by sulfide treatment so as not to generate
unnecessary steps on the surface of the reflector and to give
a black matrix function to the non-aperture portions. It is
advantageous to employ the leveling surface of the color
filters 5a, 5b, Sc, whereby a reflective color liquid crystal
display apparatus, which can display bright and high con-
trast images, can be provided.

[0108] In accordance with the present embodiment, the
signal electrodes requiring a high preciseness can be formed
directly on the one glass substrate, because the polymer
layer, i.c. a base layer of the diffusion reflector, the reflector,
and the color filters are formed on the other glass substrate.
Therefore, the advantage of an improved production yield of
the liquid crystal display element can be realized.

[0109] Furthermore, mounting and correcting the TCP
provided with an IC for the driving liquid crystal are easy,
and an advantage of improved production yield of the liquid
crystal element can be achieved.

[0110] In accordance with the present embodiment, a
silver film, the thickness of which was 100 nm, was used as
the reflector, and the portions corresponding to the black
matrix layer were blackened by sulfide treatment to provide
a black matrix function. However, the material of the
reflector, blackening treatment, and others can be selected
based on its object.

[0111] Although it is not shown in the figure, a leveling
layer also may be provided between the reflector 3 and the
color filters 5a, 5b, 5c, or between the color filters Sa, 5b, 5c,
and the transparent electrodes 6.

[0112] In accordance with the present embodiment, the
diffusion reflector and the color filters are formed on the
same substrate, but in a case when the diffusion reflector and
the color filters were formed on different substrates, the
same characteristics as the present embodiment can be
obtained, even though the brightness is decreased somewhat.

Embodiment 3

[0113] Next, an example of another reflective color liquid
crystal display element of the present invention will be
explained with reference to FIG. 6.

[0114] First of all, as seen in FIG. 1(a), a transcription film
is prepared by coating a polymer base film 15, on the surface
of which many depressions have been formed at its surface,
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(polyethylene terephthalate, film thickness: 50 um, depres-
sion pitch: approximately 15 um, depth of the depression:
1.2 um), with a black pigment dispersed polymer layer 2
(film thickness: 1.5 um) composed of acrylic resin (either of
epoxy group resin or amido group resin is usable, the black
pigment dispersed polymer layer 2 can be either of photo-
sensitive resin or non-photosensitive resin), wherein a black
pigment, carbon, or the like is dispersed; drying the film;
and, subsequently, adhering a cover film (not shown in the
figure, polyethylene, film thickness: 6 um) on the black
pigment dispersed polymer layer 2.

[0115] The transcription film is transferred onto a glass
substrate 1 (soda glass, thickness: 0.7 mm) using a laminator
18 (temperature of the substrate: 100° C., roll temperature:
100° C., roll pressure: 6 kg/cm®, moving velocity: 0.5
m/minute). Subsequently, main curing is performed (240°
C./30 minutes), and the black pigment dispersed polymer
layer 2 having many depressions is formed by peeling off the
polymer base film.

[0116] Then, as seen in FIG. 1(b), a reflector 3 made of
aluminum (silver is usable, film thickness: 100 nm) is
formed on the black pigment dispersed polymer layer 2
having many depressions.

[0117] Next, as seen in FIG. 1(c), after forming a photo-
sensitive polymer layer 4 (film thickness: 1.5 um on the
reflector layer 3, the photosensitive polymer layer 4 is
exposed to ultraviolet rays 17 via a photo mask 186.

[0118] In the next step, the photosensitive polymer layer 4
is developed with a designated developing condition to form
the electrodes and reflective layer 25 (electrodes and reflec-
tor pitch: 100 um, electrodes and reflector width: 88 um,
electrodes and reflector interval: 12 um) at portions corre-
sponding to the color filters.

[0119] In the next manufacturing step, the alignment layer
7 (polyimide, film thickness: 70 nm) having a leveling
function for leveling the protrusions and depressions on the
surface of the electrode and reflective layer 25 is formed on
the electrode and reflective layer 25.

[0120] In the next manufacturing step, one of the color
filters Sa (film thickness: 1.2 um) of red, green, and blue
(yellow, cyan, and magenta are usable) is formed on one of
the electrode substrates formed by the above manufacturing
steps, such as the glass substrate 10 (soda glass, plate
thickness: 0.7 mm), by developing the photosensitive color
filters 5a with a designated condition. Then, the color filters
5b (film thickness: 1.2 um) and 5S¢ (film thickness: 1.2 ym)
are formed by repeating the same manufacturing step as
used to form the color filter 5a.

[0121] In the next manufacturing step, the other electrode
substrate, wherein the transparent electrode 6 (ITO, scan-
ning electrodes of: film thickness: 260 nm, number of the
electrode: 240, electrode pitch: 300 um, electrode width: 288
um, interval between the electrodes: 12 um), and the align-
ment layer 12 (polyimide group, film thickness: 70 nm) were
formed on the color filters 5a, 5b, 5¢, was arranged so that
the respective transparent electrodes 6, 11 faced each other,
and the above described two electrode substrates were
opposed via spacer material 13 of polymer beads (particle
size: 6 um) having a size equivalent to the thickness of the
liquid crystal layer 14.
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[0122] Then, both of the electrode substrates were sealed
with a sealing agent, which was composed of an epoxy resin
formed at the periphery of the substrates mixed with poly-
mer beads (silica beads is usable), the liquid crystal 14 (a
liquid crystal composition composed of cyano PCH and a
transfer derivative, refractive index anisotropy An: 0.133,
twisted angle: 250°) was filled into the interval between the
two electrode substrates and sealed (photosensitive acrylic
resin or photosensitive epoxy resin) to complete the reflec-
tive color liquid crystal display element.

[0123] Subsequently, designated phase plates 20, 21, and
a polarizer 22 were provided on the outer surface of the glass
substrate 10 of the reflective liquid crystal display element.

[0124] Furthermore, in the same manner as described with
reference to FIG. 3, a reflective color liquid crystal display
apparatus was formed by mounting a printed substrate
provided with a tape carrier package, on which there is
provided an IC for driving the liquid crystal, power supply
circuits, control circuits, and other elements, on the above
reflective color liquid crystal display element.

[0125] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, which can
display bright images of high contrast, can be provided at a
low cost, because the black matrix layer was made unnec-
essary by patterning the reflector to operate as both the
electrode and the reflector at the same time, and because the
polymer layer, which was a base layer of the diffusion
reflector, was given a black matrix function.

[0126] In particular, the element can be composed so that
the aperture, which determines the brightness, can be set
approximately by preciseness of patterning of only the
transparent electrodes and the electrode and reflector, the
patterning of which can be performed relatively easily.
Therefore, the reflective color liquid crystal display appa-
ratus, which can display bright images, with a high contrast,
can be provided.

[0127] A leveling layer was formed between the color
filters Sa, 5b, 5¢ and the transparent electrodes 6, or between
the electrode and reflector 25, and the alignment layer 7.
However, adoption of the leveling layer is optional depend-
ing on the display type and object.

[0128] When the color filters are not formed by a spincoat
method, but are formed by using a transcription film, or a
printing method, not only can the manufacturing steps be
decreased significantly, but also the color filters can be
formed more flat than ever. Therefore, using such techniques
is advantageous in lowering the cost of manufacture and
improving the contrast.

[0129] 1In accordance with the present embodiment, the
diffusion reflector and the color filters were formed on
separated substrates, but even when the diffusion reflector
and the color filters are formed on the same substrate, the
same characteristics as the present embodiment can be
obtained.

Embodiment 4

[0130] Next, an example of another reflective color liquid
crystal display element in accordance with the present
invention will be explained hereinafter with reference to
FIG. 7.
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[0131] Asindicated in FIG. 7, the reflective liquid crystal
display apparatus of this embodiment was provided with a
reflective liquid crystal display element, which was prepared
as follows. An electrode substrate was prepared, wherein a
reflector 3 (silver, film thickness: 100 nm, size: 288 #mx88
um, interval: 12 um), a black matrix layer 24 (silver sulfide
treatment, film thickness: 100 nm, width: 12 um), color
filters Sa, 5b, 5c¢ (pigment type, film thickness: 1.2 um,
width: 100 pm), transparent electrode 6 (ITO film, film
thickness: 260 nm, width of electrode: 292 um, interval
between electrodes: 8 um), and an alignment layer 7 (poly-
imide, film thickness: 100 nm), were laminated on a glass
substrate 1 (soda glass, plate thickness: 0.7 mm). Then,
another electrode substrate was prepared, wherein transpar-
ent electrodes 11 (ITO film, film thickness: 260 nm, elec-
trode width: 92 um, interval between 15 electrodes: 8 um),
and an alignment layer (polyimide, film thickness: 100 nm)
were laminated on a glass substrate 10 (soda glass, plate
thickness: 0.7 mm). Next, the above described two electrode
substrates were opposed via a spacer material 13 of polymer
beads (particle size: 6 um), and liquid crystal 14 (a liquid
crystal composition composed of cyano PCH and a transfer
derivative, liquid crystal thickness: 6 um, twisted angle:
250°) was filled into the interval between the two electrode
substrates. Subsequently, a designated optical scattering
plate 23, phase plates 20, 21, and a polarizer 22 were
provided on the outside surface of the glass substrate 10 of
the reflective liquid crystal display element.

[0132] In particular, the black matrix layer 24 was formed
by blackening the reflector 3 at portions corresponding to the
non-apertures with hydrogen sulfide solution using a pho-
tolithography method. Therefore, no steps were generated
on the surface of the reflector, and the surface of the color
filters Sa, 3b, 5c, formed on the reflective layer, become flat.
Accordingly, a reflective color liquid crystal display appa-
ratus, which can display high contrast and uniform images
even if the leveling layer is removed, can be provided.

[0133] In accordance with the present embodiment, the
signal electrodes requiring a high preciseness can be formed
directly on the one glass substrate, because the polymer
layer, i.c. a base layer of the diffusion reflector, the reflector,
and the color filters were gathered to another glass substrate.
Therefore, an advantage to improve the production yield of
the liquid crystal display element can be realized.

[0134] Furthermore, mounting and correction of the TCP,
which is provided with an IC for liquid crystal driving, are
easy, and an advantage of an improved production yield of
the liquid crystal element can be achieved.

[0135] 1In accordance with the present embodiment, the
reflector was made with silver 100 nm thick using a hydro-
gen sulfide solution as the blackening treatment agent, but
the materials of the reflector and the treatment agent can be
selected based on the object.

[0136] Adoption of a leveling layer formed between the
color filters 5a, 5b, 5¢ and the transparent electrode 6 (not
shown in the figure) is arbitrary depending on the object.

[0137] In accordance with the present embodiment, the
diffusion reflector and the color filters are formed on the
same substrate. However, even if the diffusion reflector and
the color filters are formed on different substrates, sepa-
rately, the same characteristics as the present embodiment
can be obtained.
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Embodiment 5

[0138] Next, an example of another reflective color liquid
crystal display element in accordance with the present
invention will be explained hereinafter with reference to
FIG. 8.

[0139] Asindicated in FIG. 8, the reflective liquid crystal
display apparatus was provided with a reflective liquid
crystal display element, which was prepared as follows. An
electrode substrate was prepared, wherein electrodes and a
reflective layer 25 (aluminum, film thickness: 100 nm,
number of electrodes: 1920, width of electrode: 92 um,
interval between the electrodes: 8 gm ), a black matrix layer
24 (pigment black, film thickness: 100 nm, line width: 12
um), and an alignment layer 7 (polyimide group, film
thickness: 100 nm), were laminated on a glass substrate 1
(soda glass, plate thickness: 0.7 mm). Then, another elec-
trode substrate was prepared, wherein color filters Sa, b, S¢
(pigment type, film thickness: 1.2 ym, width: 100 ym),
transparent electrode 6 (ITO film, film thickness: 260 nm,
number of electrode: 480, width of electrode: 292 um,
interval between electrodes: 8 um), and an alignment layer
12 (polyimide group, film thickness: 100 nm) were lami-
nated on a glass substrate 10 (soda glass, plate thickness: 0.7
mm). Then, the above described two electrode substrates
were opposed via a spacer material 13 of polymer beads
(particle size: 6 ym), and a liquid crystal 14 (a liquid crystal
composition composed of cyano PCH and a transfer deriva-
tive, liquid crystal thickness: 6 um, twisted angle: 250°) was
filled into the interval between the two electrode substrates.
Subsequently, a designated optical scattering plate 23, phase
plates 20, 21, and a polarizer 22 were provided on the outer
surface of the glass substrate 10 of the reflective liquid
crystal display element.

[0140] In particular, by this structure, wherein the metallic
electrode operates at the same time as the reflector, the
aperture which determines the brightness can be determined
merely by the preciseness of patterning of the metallic
electrode and reflector 25, and the transparent electrodes 6.
Accordingly, a reflective color liquid crystal display appa-
ratus, which can display bright images of high contrast, can
be provided.

[0141] In accordance with the present embodiment, the
surface of the alignment layer 7 can be leveled by using a
so-called back-exposure method, wherein the black matrix
layer 24, which is provided at intervals of the metallic
electrodes and reflector 25, is formed by irradiating ultra-
violet rays from the glass substrate 1 side using the metallic
electrodes and reflector 25 as a photo mask. Therefore, a
reflective color liquid crystal display apparatus, which can
display bright images of high contrast, can be provided.

[0142] In accordance with the present embodiment, the
color filters and the scanning electrodes, represented by a
small number of electrodes, are formed on the one glass
substrate, and the signal electrodes, which require a high
preciseness and are represented by a large number of elec-
trodes, are formed directly on the other glass substrate.
Therefore, an advantage of an improved the production yield
of the liquid crystal display element can be realized.

[0143] Furthermore, mounting and correction of the TCP,
which is provided with an IC for driving liquid crystal, are
easy, and an advantage of an improved the production yield
of the liquid crystal element can be achieved.
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[0144] 1In accordance with the present embodiment, the
electrodes and reflector 25 were made of aluminum 100 nm
thick, and the black matrix layer was made of a photosen-
sitive resin, wherein a black pigment was dispersed. How-
ever, the material for the electrode and reflector and others
can be selected based on the object.

[0145] Adoption of a leveling layer formed between the
electrode and reflector 25 and the alignment layer 7, and the
color filters 5a, 5b, 5c and the transparent electrode 6 (not
shown in the figure) is arbitrary depending on the object.

[0146] In accordance with the present invention, the fol-
lowing features are attained.

[0147] (1) Unnecessary reflected light from the non-aper-
ture portions can be eliminated by absorbing the lLight
incident on the non-aperture portions by not only patterning
the reflective layer of the diffusion reflector so as to corre-
spond to the dot size of the color filter, but also by black-
ening the polymer layer having the protrusions and depres-
sions under the reflective layer. Therefore, a reflective color
liquid crystal display apparatus, which can display bright
images with a high contrast, can be provided.

[0148] (2) Areflective color liquid crystal display element
having a high aperture ratio, which does not require forma-
tion of a black matrix layer on the reflective layer, can be
manufactured by not only patterning the reflective layer of
the diffusion reflector so as to correspond to the dot size of
the color filter, but also by giving a black matrix function to
the polymer layer having the protrusions and depressions
under the reflective layer, Therefore, a reflective color liquid
crystal display apparatus, which can display bright images
with a high contrast, can be provided.

[0149] (3) Mounting and correction of the TCP, which is
provided with an IC for liquid crystal driving, can be
performed with a high production yield in manufacturing the
liquid crystal display element, because the signal electrodes
having a high preciseness can be formed directly on the one
glass substrate by forming the diffusion reflective film and
the color filters on the other substrate. Therefore, a reflective
color liquid crystal display apparatus, which can display
bright images with a high contrast, can be provided with a
low cost.

[0150] (4) Unnecessary reflected light from the non-aper-
ture portions can be decreased significantly by forming
rectangular shaped reflective layers at only portions corre-
sponding to apertures by patterning the reflective layer of the
diffusion reflector so as to correspond to the dot size of the
color filter, and by providing a black matrix layer having the
same thickness as the reflective layer at intervals of the
reflector. Therefore, a reflective color liquid crystal display
apparatus, which can display bright images with a high
contrast, can be achieved with a low cost.

[0151] Other embodiments of the present invention will be
explained, hereinafter.

[0152] A practical example of the reflective color liquid
crystal display apparatus provided with an internal diffusion
reflector having novel patterns of the present invention is as
follows.

[0153] An electrode substrate is manufactured by the
following steps.



US 2002/0191134 Al

[0154] (1) At first, patterns of string shaped protrusions
and string shaped depressions are generated by simulation of
spinodal decomposition. Here, examples of model equations
of spinodal decomposition for performing the simulation of
spinodal decomposition are the Cahn-Hilliard (-Cook) equa-
tion given by the following equation 1, and the time depen-
dent Ginzburg-Landau equation given by the following
equation 2, and there are others.

AD(rt)/(at)=LV? (JH{D(1,H) }/oD(r,t)
H{®(50)}(ksT)=[ dr{-Aln(cosh®)+(£)®*+Dj2(V®?] . (Equation 2)
[0155] A pattern of simulated spinodal decomposition can
be generated by numerical simulation of a spinodal decom-
position model (enlarged moor approximation) by a Cell-

Dynamical-System (CDS) indicated by the following equa-
tion 3.

... (Equation 1)

<<0>>-0=("%)EPc ospsTH( V1) EPyexr  cLoS .

EsT)-D ... (Equation 3)
[0156] By using any one of the above equations, a pattern
having many smooth protrusions-depressions satisfying the
following conditions can be formed. The conditions are 1)
the pattern is composed of a string-shaped protruded pattern
or a depressed pattern having an approximately uniform line
width and smooth curves, 2) the string-shaped protrusions or
string-shaped depressions are arranged continuously, or
alternately, 3) slope angles of the cross sections of the
string-shaped protrusion and string-shaped depression in a
direction perpendicular to the longitudinal direction of the
string-shaped protrusion and string-shaped depression are
approximately symmetrical from right and left, 4) sums of
the length of the protrusions or the depressions in a respec-
tive direction are approximately equal, or 5) sums of the
length of the protrusions or the depressions differ from each
other in the respective direction.

[0157] A manufacturing step for making a pattern with a
photosensitive resin involves adding light (wavelength: 365
nm, dose: 50-500 mj/cm®), heat (50-150° C.), and pressure
(1-12 kg/em®) to a resin pattern formed with the photosen-
sitive resin applied onto a glass substrate by a transcription
roll (roll velocity: 0.1-3 m/minute), or plate and the like
using the transcription roll or the plate having the pattern
composed of the above string-shaped protrusions or the
above string-shaped depressions.

[0158] Or a manufacturing step for making a pattern
(width: 5-20 um, height or depth: 0.5-2.0 um) involves
exposing light(wavelength: 365 m, dose 50-500 mj/cm?) via
a photo mask using the string-shaped pattern prepared by the
simulation method of the spinodal decomposition for gen-
erating the string-shaped pattern as a black matrix pattern or
transparent pattern, followed by designated development
and curing.

[0159] (2) A reflector (a thin film made of aluminum, an
aluminum alloy, silver, an silver alloy, film thickness: 100-
300 nm) is formed on the patterned polymer layer.

[0160] (3) An insulating layer (acrylic group photosensi-
tive resin or non-photosensitive resin, film thickness: 1.0-3.0
um) is formed on the reflector.

[0161] (4) Then, transparent electrodes (ITO (Indium Tin
oxide), film thickness: 100-300 nm) are adhered on, and
patterning (number of the electrodes: 1920, pitch: 100 um,
interval between the electrodes: 8-20 um) is carried out on
the insulating layer.
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[0162] (5) Finally, an alignment layer (polyimide, film
thickness: 50-100 nm, temperature: 230-250° C.) is formed
on the transparent electrodes.

[0163] The other electrode substrate is manufactured on a
glass substrate by the following steps.

[0164] (6) A black matrix layer (a low surface reflection
black matrix layer such as a black pigment dispersion type
photosensitive resin, and three layered chromium, and the
like, film thickness: 0.1-1.2 um, pitch: 100 um, width: 10-25
pm) was formed on the substrate.

[0165] (7) Thus, color filters (red, green, blue or cyan,
magenta, yellow, pigment dispersion type acrylic group
photosensitive resin, film thickness: 0.5-1.5 um, pitch: 100
um, width: 75-90 um) were formed on the black matrix
layer.

[0166] (8) A leveling layer (acrylic group photosensitive
resin, film thickness: 1.0-3.0 um, curing temperature: 230-
250°/1 hour) was formed on the color filters.

[0167] (9) Then, transparent electrodes (ITO (Indium Tin
Oxide), film thickness: 100-300 nm) were adhered on, and
patterning (number of the electrodes: 240, pitch: 300 um,
interval between the electrodes: 8-20 um) was carried out
on, the leveling film.

[0168] (10) Finally, an alignment layer (polyimide, film
thickness: 50-150 nm, temperature: 230-250° C.) was
formed on the transparent electrodes.

[0169] Then, a liquid crystal display element is composed.

[0170] (11) The two electrode substrates are opposed so s
to make each of the alignment layers of both electrode
substrates face each other via spacer material (polymer
beads, silica beads, glass fiber, particle size 6 um), and the
peripheries of both electrode substrates are adhered and
sealed with a sealing agent (epoxy rein, wherein the above
spacer material is dispersed).

[0171] (12) Finally, a liquid crystal is filled into the
interval between the two electrode substrates.

[0172] Then, a liquid crystal display apparatus is com-
pleted by the following steps.

[0173] (13) First, designated phase plates and a polarizer
are adhered onto the outer surface of the glass substrate,
where the reflector is not formed, of the reflective liquid
crystal display element.

[0174] (14) A TCP, whereon an IC for driving the liquid
crystal is mounted, and an external driving circuit are
connected to the liquid crystal display element

[0175] (15) Finally, the liquid crystal display element is
assembled into a case, or frame, and the like.

[0176] In accordance with the present invention, a reflec-
tive color liquid crystal display apparatus capable of dis-
playing bright images can be provided, because the reflec-
tive color liquid crystal display apparatus comprises an
internal reflector having smooth protrusion and depression
planes, whereon string-shaped protrusions or string-shaped
depressions are arranged so as to be closest at portions
corresponding to the pixel electrodes. The string-shaped
protrusions or string-shaped depressions are formed for
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reflecting incident light from all directions, or incident light
from a specified direction, toward the viewer as much as
possible.

[0177] In accordance with the present invention, a reflec-
tive color liquid crystal display apparatus, which can pro-
duce bright images, can be provided at a low cost, because
the reflective color liquid crystal display apparatus com-
prises a pattern, which is an irregularly arranged pattern in
which string-shaped protrusions or string-shaped depres-
sions can be arranged in a very close manner, by using 4
phase separation and generation pattern, obtained by a
computer simulation method for analyzing spinodal decom-
position, which is known as a phase separation phenomenon
of a polymeric block polymer and others, as an original
pattern for a transcription role, plates, or photo masks for
forming the string-shaped protrusions or string-shaped
depressions.

[0178] Further, in accordance with the present invention,
a reflective color liquid crystal display apparatus and reflec-
tors having desired reflecting characteristics can be pro-
vided, because control of reflecting characteristics, such as
collecting the reflecting light in a specified direction, and the
like, can be performed easily, by controlling the arranging
ratio of length components of the string-shaped protrusion or
string shaped depression in various directions without
changing the cross sectional shapes of the protrusion and
depression forming the string-shaped pattern, which can be
controlled arbitrarily by a computer simulation, such as
patterns for dies of the transcription role or plates, or photo
mask patterns.

[0179] Furthermore, in accordance with the present inven-
tion, a reflective color liquid crystal display apparatus and
reflectors, which can not only collect incident light from all
the directions relative to the viewer, but also obtain less
positive reflecting components (light components reflected
from flat portions), which deteriorates images, and so
brighter images can be provided furthermore, photo masks
or transcription dies, which are most suitable for various
forming methods, such as a transcription method, photoli-
thography, and others, can be formed readily by taking the
phase separation and generation pattern obtained by com-
puter simulation into a computer and by performing image
processing to modify the patterns.

[0180] A reflective color liquid crystal display apparatus
most suitable for executing the present invention will be
explained, hereinafter. In accordance with the present inven-
tion, a hand-held personal computer (hereinafter called a
hand-held PC) corresponding to 4 VGA and having a
display scale of 540x240 dots (picture element pitch: 0.3
mmx0.3 mm, pixel size: 0.288 mmx0.288 mm, display
diagonal size: 8.1 inches), and a reflective super twisted
pneumatic mode color liquid crystal display apparatus for
outdoor use (hereinafter, called reflective STN mode color
liquid crystal display apparatus) will be considered. How-
ever, because the present invention does not depend on the
type of driving system of the liquid crystal, the present
invention is not restricted to a STN mode liquid crystal
display system, but is applicable to any system which
employs on active addressing method or a passive method.

Embodiment 6

[0181] In accordance with the reflective liquid crystal
display apparatus of the present invention, bright images,
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which have no coloring by optical interference, can be
obtained by forming the string-shaped protrusions and
depressions in the polymer layer, which is the base layer of
the diffusion reflector.

[0182] FIG. 9(a) illustrates a photo mask pattern for
forming a string-shaped protrusion and depression pattern in
the polymer layer, i.e. the base layer of the diffusion reflec-
tor. The drawing, and the dark portions (light shielding
portions) are the portions which comprise a protrusion or a
depression. However, depending on the material used,
reversing the dark portions and the bright portions in the
same pattern may be necessary. FIG. 9(b) illustrates the
polymer layer generated by the photo mask pattern indicated
in FIG. 9(a).

[0183] FIGS. 10(a) to 10(c) illustrate various cross sec-
tions of the polymer layer, whereon the string-shaped pro-
trusions and depressions are formed, as seen in FIG. 9(b)
along portions of the line al-a2.

[0184] FIG. 101 illustrates a pattern, wherein the string-
shaped protrusions and the string-shaped depressions are
arranged alternately and continuously. FIG. 100 indicates a
pattern, wherein the string-shaped protrusions are arranged
continuously. FIG. 10c indicates a pattern, wherein the
string-shaped depressions are arranged continuously. Here,
d0, d1, and d2 indicate the length of the protrusion or the
depression, and h indicates the height of the protrusion or the
depth of the depression. The reference character d1 indicates
the length of a portion where the pattern of the protrusion or
the depression crosses perpendicularly with the line al-a2,
and this is equivalent to the width of the protrusion or the
depression. That is, FIG. 10b illustrates a pattern that is
formed by arranging the protrusions or the depressions by
drawing parabolas of height h continuously. Sometimes,
depending on the material, all of the widths can not be
maintained perfectly equal. However, if the widths are
approximately equal, the advantages of the present invention
can be realized.

[0185] Features of the string-shaped protrusion, the string-
shaped depression, or the string-shaped protrusion and
depression formed in the polymer layer of the present
invention will be explained hereinafter.

[0186] Because incident light reflects the shape of the
protrusion or the depression of the string-shaped pattern,
when drawing parabolas, the slope angles of which are
distributed approximately symmetrically from right and left,
the distribution of the intensity of reflected light becomes
symmetrical from right and left in a direction normal to the
substrate. On the other hand, if the slope angles are unsym-
metrical from right and left, the distribution of the intensity
of reflected light becomes unsymmetrical from right and
left, and it becomes possible to cause the distribution of the
intensity of reflected light to have a direction.

[0187] The sum of the intensity distribution of light as
indicated in FIG. 9(b) depends on the lengths d0, d1, and d2
of the protrusion or the depression, as indicated in FIGS.
10(2) to 10(c). Accordingly, when the sum of the length of
the protrusion or the depression in a lateral direction (in a
direction b1), and the sum of the length of the protrusion or
the depression in a vertical direction (in a direction of b2),
as indicated in FIG. 9(b), are equal, the sums of the intensity
distribution of light in the lateral direction and in the vertical
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direction become equal. That is, the brightness in the lateral
direction and the brightness in the vertical direction become
equal. When the sum of the length of the protrusion or the
depression in the vertical direction (in a direction b2) is
longer than the sum of the length of the protrusion or the
depression in the lateral direction (in a direction bl), the
sums of the intensity distribution of light in the lateral
direction becomes larger than the sums of the intensity
distribution of light in the vertical direction. That is, the
lateral direction becomes brighter than the vertical direction.
The above situation is similar in diagonal directions (the
directions b3 and b4), and the brightness can be changed or
made equal according to the length of the protrusion or the
depression. The vertical lines in FIGS. 10(a) to 10(c) indi-
cate boundaries between a protrusion and a depression,
between a protrusion and a protrusion, and between depres-
sion and a depression. Accordingly, if a ratio of the numbers
of the boundaries in the vertical direction and in the lateral
direction is the same, the brightness in the vertical direction
and in the lateral direction will be equal.

[0188] If the protrusion and the depression in a string-
shaped pattern extend linearly (in parallel) in the same
direction, the brightness is decreased by the interference of
light. Then, the protrusion and the depression in a string-
shaped pattern, as indicated in FIG. 9(b), are composed to
extend with the drawing curves. That is, the interference of
light can be decreased by decreasing the linear portions in
parallel with the protrusions and the depressions. The most
preferable composition is that in which each of the protru-
sions and the depressions are formed as curves and extend
in random directions (indiscriminately). In this case, the
interference of light becomes minimum.

[0189] As indicated in FIG. 104, 10b, and 10c, flat por-
tions between the protrusions and depressions, between the
protrusions and other protrusions, and between depressions
and other depressions can be eliminated by forming the
protrusions and depressions immediately adjacent to each
other so that the protrusions and the depressions extend
continuously. Accordingly, the reflector can be made
brighter, because not only will the flat portions causing
unnecessary positive reflecting light be eliminated, but also
the incident light will be collected effectively in a direction
toward the viewer.

[0190] When the protrusions and the depressions are
formed continuously so as not to leave the flat portions, the
protrusions and the depressions are arranged closest. There-
fore, this state is called a close packing arrangement, here-
inafter.

[0191] In accordance with the present embodiment, the
length d corresponding to the width of a string-shaped
protrusion or a string-shaped depression was selected in the
range of 5-20 um, preferably in the range of 8-15 um, and
the height and depth of the string-shaped protrusion or the
string-shaped depression was set in the range of 0.5-2.0 um,
preferably in the range of 0.8-1.5 um.

[0192] A cross sectional structure of the embodiment of
the liquid crystal display element and the liquid crystal
display apparatus used in the reflective liquid crystal display
apparatus of the present invention are illustrated in FIG. 11
and FIG. 12, respectively. FIG. 11 shows a cross section of
the liquid crystal display element, and FIG. 12 shows a cross
section of the liquid crystal display apparatus.
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[0193] As seen in FIG. 11, the one electrode substrate of
the liquid crystal display element is composed by laminating
a polymer layer 43 having many protrusion-depression
planes composed of string shaped protrusions and string-
shaped depressions (acrylic group, film thickness: 1.5 um,
width of the protrusion or the depression: 13 um, height of
the protrusion or the depression: 1.0 um), a reflector 14
(aluminum, film thickness: 100 nm), an insulating layer 45
(acrylic group, film thickness: 2.0 um), transparent elec-
trodes 46 (ITO film, film thickness: 260 nm, number of
electrodes: 1920, pitch of the electrodes: 100 um, width of
electrode: 88 um, interval between the electrodes: 12 ym and
an alignment layer 17 (polyimido group, film thickness: 100
nm) on a glass substrate 40 (soda glass, plate thickness: 0.7
mm).

[0194] The other electrode substrate of the liquid crystal
display element is composed by laminating a black matrix
layer 51 (three layered chromium, film thickness: 0.1 uM,
width: 12 pm, pigment black, film thickness: 0.6 ym, width
12 um), color filters 52, 53, 54 (pigment type, film thickness:
1.2 ym, width: 100 um), a leveling film 55 (acrylic group,
film thickness: 2.0 um), transparent electrodes 56 (ITO film,
film thickness: 260 nm, number of electrodes: 240, pitch of
the electrodes: 300 um, width of electrode: 288 um, interval
between the electrodes: 12 um), and an alignment layer 57
(polyimide group, film thickness: 100 nm) on a glass sub-
strate 50 (soda glass, plate thickness: 0.7 mm). These glass
substrates are then opposed via spacer material 60 of poly-
mer beads (particle size: 6 um), and liquid crystal 61 (a
liquid crystal composition composed of cyano PCH and a
transfer derivative, liquid crystal thickness: 6 um, twisted
angle: 250° is filled into the interval between the two glass
substrates 40, 50. The reflective color liquid crystal display
element is composed by arranging designated phase plates
63, 64, and a polarizer 62 onto the outer surface of the glass
substrate 50. As shown in FIG. 12, a reflective color liquid
crystal display apparatus is composed by mounting a tape
carrier package, having an IC for driving the liquid crystal,
and an external driving circuit 72 on the liquid crystal
display element 70.

[0195] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus having no
optical interference, which can display bright images, can be
provided because it comprises a reflective color liquid
crystal display element having an inside reflector, wherein
string-shaped protrusions or the string-shaped depressions
are randomly arranged in the regions corresponding to the
pixels and in a close packing arrangement, and the reflective
color liquid crystal display element can be manufactured by
forming reflectors for collecting incident light from all the
directions in a direction toward the viewer using string-
shaped protrusions or string-shaped depressions.

[0196] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus having no
optical interference, which can display bright images, can be
provided because the arrangement of the string-shaped pro-
trusions or the string-shaped depressions can be controlled
arbitrarily, and a reflective color liquid crystal display ele-
ment adequate for illuminating environment can be manu-
factured by preparing a photo mask pattern or a transcription
pattern for forming the fine protrusions-depressions pattern
composed of string-shaped protrusions or the string-shaped
depressions by a computer simulation method for analyzing
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spinodal decomposition, which is known by a phase sepa-
ration phenomenon, such as polymeric block copolymer and
others.

[0197] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus can be
provided at a low price, because the reflective color liquid
crystal display element can be manufactured at a low cost by
forming the polymer layer having the fine protrusion-de-
pression planes composed of string-shaped protrusions or
string-shaped depressions by a transcription method with a
transcription role, transcription plate, or transcription film,
wherein polymer layers having fine protrusion-depression
planes composed of the string-shaped depressions on its
base film are laminated.

[0198] It is common to all embodiments, that, in accor-
dance with the present invention, the string-shaped protru-
sion or the string-shaped depression are prepared using a
computer simulation method for analyzing spinodal decom-
position. However, the pattern also may be prepared directly
by controlling environmental conditions, such as tempera-
ture, pressure and other conditions of the polymer, liquid
crystal, colloid, and the like, and by inducing a phenomena,
such as phase transfer or phase separation, for example.

[0199] In accordance with the present embodiment, the
width of a string-shaped protrusion or a string-shaped
depression was selected as 13 um. However, the present
invention is not restricted to this width. Furthermore, in
accordance with the present embodiment, only one value of
the width of a string-shaped protrusion or a string-shaped
depression was selected, such as 13 um. However, the
present invention can be composed of plural string-shaped
protrusions or string-shaped depressions having different
widths. By using different widths, the intensity distribution
relative to the angles can be altered, and bright images can
be displayed in a wide range.

Embodiment 7

[0200] FIG. 13 shows a cross section of another liquid
crystal display element of the present invention.

[0201] Asindicated in FIG. 13, the one electrode substrate
of the liquid crystal display element is composed by lami-
nating a polymer layer 43 having many protrusion-depres-
sion planes composed of string-shaped protrusions and
string-shaped depressions (optical absorber: black pigment,
base material: photosensitive acrylic resin, film thickness:
0.6 um, width of the protrusion or the depression: 13 um,
height of the protrusion or the depression: 1.0 ym), a
reflector 44 arranged only at portions corresponding to the
pixels (aluminum, film thickness: 100 nm, size: 88 umx288
4m), an insulating layer 45 (acrylic group, film thickness:
2.0 um), transparent electrodes 46 (ITO film, film thickness:
260 nm, number of electrodes: 1920, pitch of the electrodes:
100 pm, width of electrode: 92 um, interval between is the
electrodes: 8 um and an alignment layer 47 (polyimide
group, film thickness: 100 nm) on a glass substrate 40 (soda
glass, plate thickness: 0.7 mm).

[0202] The other electrode substrate of the liquid crystal
display element is composed by laminating color filters 52,
53,54 (pigment type, film thickness: 1.2 um, width: 100 zm)
(vellow, cyan, and magenta are usable), a leveling layer 55
(acrylic group, film thickness: 2.0 um), transparent elec-
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trodes 56 (ITO film, film thickness: 260 nm, number of
electrodes: 240, pitch of the electrodes: 300 um, width of
electrode: 292 um, interval between the electrodes: 8 um),
and an alignment layer 57 (polyimide group, film thickness:
100 nm) on a glass substrate 50 (soda glass, plate thickness:
0.7 mm). These glass substrates are opposed via spacer
material 60 of polymer beads (particle size: 6 um), and
liquid crystal 61 (a liquid crystal composition composed of
cyano PCH and a transfer derivative, liquid crystal thick-
ness: 6 um, twisted angle: 250°) is filled into the interval
between the two glass substrates 40, 50. The reflective color
liquid crystal display element is composed by arranging
designated phase plates 63, 64,and a polarizer 62 onto the
outer surface of the glass substrate 50. FIG. 12 shows a
reflective color liquid crystal display apparatus composed by
mounting a tape carrier package 71, having an IC for driving
the liquid crystal, and an external circuit 72 for driving the
liquid crystal display element 70.

[0203] 1In accordance with the present embodiment, reflec-
tive color liquid crystal display apparatus, which can display
bright images having a high contrast, can be provided,
because it comprises a reflective color liquid crystal display
element having a structure providing a uniform liquid crystal
thickness, wherein only the color filters 53, 54, 55 are
arranged on a facing substrate, and the reflective color liquid
crystal display element can be manufactured by adding a
black matrix function to the reflective electrode substrate by
dispersing black pigment into the polymer layer 41 having
fine protrusion-depression planes composed of the string-
shaped protrusions or the string-shaped depressions, pattern-
ing, the reflector 44 in rectangular shapes, and arranging the
reflector at only portions corresponding to the pixel elec-
trode.

[0204] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, which can
display bright images having a high contrast, can be pro-
vided, because a reflective color liquid crystal display ele-
ment having a high aperture ratio can be manufactured by
performing a patterning treatment, which determines the
aperture ratio, only on the metallic reflector 44 and the
transparent electrodes 46, 56, which are readily treated by
the patterning.

[0205] 1In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, which can
display bright images having a high contrast, can be pro-
vided at a low cost, because the reflective color liquid crystal
display element can be manufactured at a low cost by
forming the color filters 52, 53, 54 using a three color
simultaneous printing method.

Embodiment 8

[0206] FIG. 14 shows a cross section of another liquid
crystal display element of the present invention.

[0207] As seen in FIG. 14, the one electrode substrate of
the liquid crystal display element is composed by laminating
a polymer layer 43 having many protrusion-depression
planes composed of string-shaped protrusions and string-
shaped depressions (optical absorber: black pigment, base
material: photosensitive acrylic resin, film thickness: 0.6
um, width of the protrusion or the depression: 13 um, height
of the protrusion or the depression: 1.0 gm), color filters 52,
53, 54 of red, green, and blue (pigment type, film thickness:
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1.2 um, width: 100 um) (yellow, cyan, and magenta are
usable), a leveling film 55 (acrylic group, film thickness: 2.0
um), transparent electrodes 46 (ITO film, film thickness: 260
nm, number of electrodes: 240, pitch of the electrodes: 300
um, width of electrode: 292 um, interval between the
electrodes: 8 ym), and an alignment layer 47 (polyimide
group, film thickness: 100 nm) on a glass substrate 40 (soda
glass, plate thickness: 0.7 mm).

[0208] The other electrode substrate of the liquid crystal
display element is composed by laminating transparent
electrodes 46 (ITO film, film thickness: 260 nm, number of
electrodes: 1920, pitch of the electrodes: 100 um, width of
electrode: 92 um, interval between the electrodes: 8 ym),
and an alignment layer 47 (polyimide group, film thickness:
100 nm) on a glass substrate 50 (soda glass, plate thickness:
0.7 mm).

[0209] These two glass substrates are opposed via spacer
material 60 of polymer beads (particle size: 6 ym), and
liquid crystal 61 (a liquid crystal composition composed of
cyano PCH and a transfer derivative, liquid crystal thick-
ness: 6 um, twisted angle: 250°) is filled into the interval
between the two glass substrates 40, 50. The reflective color
liquid crystal display element is composed by arranging
designated phase plates 63, 64,and a polarizer 62 onto the
outer surface of the glass substrate 50. As shown in FIG. 12,
a reflective color liquid crystal display apparatus is com-
posed by mounting a tape carrier package 71, having an IC
for driving the liquid crystal, and an external driving circuit
72 on the liquid crystal display element 70.

[0210] In accordance with the present embodiment, reflec-
tive color liquid crystal display apparatus, which can display
bright and high contrast images, can be provided, because a
reflective color liquid crystal display element having a high
aperture ratio can be manufactured by eliminating the insu-
lating layer and the black matrix layer, which typically
would be provided between the reflector 44 and the trans-
parent electrodes 46, by giving a black matrix function to the
polymer layer 43 by dispersing black pigment into the
polymer layer 43 having fine protrusion-depression planes
composed of string-shaped protrusions or string-shaped
depressions, patterning the reflector 44 in rectangular shapes
so that the reflection is provided at only portions correspond-
ing to the pixel electrode and laminating the color filters 53,
54, 55 onto the reflector 44.

[0211] In accordance with the present embodiment, an
advantage of improved production yield of the reflective
color liquid crystal display element can be achieved, because
the signal electrodes requiring a high preciseness can be
formed directly on one of the glass substrates by providing
the polymer layer 43, the reflector 44, and the color filters
52, 53, 54 on the other glass substrate.

[0212] Furthermore, an advantage of improved production
yield of the liquid crystal element can be achieved, because
the mounting and correcting of the TCP, whereon the IC for
driving is provided, can be performed readily.

[0213] 1In accordance with the present embodiment, the
leveling layer was arranged on the color filters 52, 53, 54.
However, because a leveling function is provided to the
color filters by superposed printing using the previously
described three color simultaneous printing method, a
reflective color liquid crystal display element having no
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leveling film 55 can be manufactured, and so a reflective
color liquid crystal display apparatus, which can display
bright images having a high contrast, can be provided at a
low price.

Embodiment 9

[0214] FIG. 15 shows a cross section of another liquid
crystal display element of the present invention.

[0215] As seen in FIG. 15, the one electrode substrate of
the liquid crystal display element is composed by laminating
a polymer layer 43 having many protrusion-depression
planes composed of string-shaped protrusions and string-
shaped depressions (optical absorber: black pigment, base
material: photosensitive acrylic resin, film thickness: 0.6
um, width of the protrusion or the depression: 13 um, height
of the protrusion or the depression: 1.0 um), reflector 44
arranged only at the portions corresponding to pixel (silver,
film thickness: 100 nm), a black matrix layer 65 (blackened
by sulfide treatment, pitch: 100 xumx300 ym, width: 12 y#m),
color filters 52, 53, 54 (pigment type, film thickness: 1.2 um,
width: 100 um) of red, green, and blue (yellow, cyan, and
magenta are usable), transparent electrodes 46 (ITO film,
film thickness: 260 nm, number of electrodes: 240, pitch of
the electrodes: 300 um, width of electrode: 292 um, interval
between the electrodes: 8 um), and an alignment layer 57
(polyimide group, film thickness: 100 nm) on a glass sub-
strate 40 (soda glass, plate thickness: 0.7 mm).

[0216] The other electrode substrate of the liquid crystal
display element is composed by laminating transparent
electrodes 46 (ITO film, film thickness: 260 nm, number of
electrodes: 1920, pitch of the electrodes: 100 gm, width of
electrode: 92 um, interval between the electrodes: 8 um),
and an alignment layer 47 (polyimide group, film thickness:
100 nm) on a glass substrate 50 (soda glass, plate thickness:
0.7 mm).

[0217] These two glass substrates are opposed via spacer
material 60 of polymer beads (particle size: 6 um), and
liquid crystal 61 (a liquid crystal composition composed of
cyano PCH and a transfer derivative, liquid crystal thick-
ness: 6 um, twisted angle: 250°) is filled into the interval
between the two glass substrates. The reflective color liquid
crystal display element is composed by arranging designated
phase plates 63, 64,and a polarizer 62 onto the outer surface
of the glass substrate 50. As shown in FIG. 12, a reflective
color liquid crystal display apparatus is composed by mount-
ing a tape carrier package 71, having an IC for driving the
liquid crystal, and an external driving circuit 72 on the liquid
crystal display element 70.

[0218] In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, which can
display bright images with a high contrast, can be provided,
because it comprises reflective color liquid crystal display
element having flat surface color filters 52, 33, 54 which can
be manufactured by adding a black matrix function, without
generating any steps on the reflector, but by blackening only
the portions of the reflector corresponding to the black
matrix portions by sulfide treatment and the like, so that
patterning of the reflector 44 formed on the polymer layer 43
having fine protrusion-depression planes composed of the
string-shaped protrusions or the string-shaped depressions is
not performed.
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[0219] 1In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, which can
display bright images with a high contrast, can be provided,
because a reflective color liquid crystal display element
having a high aperture ratio can be obtained by forming a
matrix black matrix layer 65 by blackening treatment of a
part of the reflector 44, with no patterning of the reflecting
film.

[0220] 1In accordance with the present embodiment, an
advantage of improved production yield of the reflective
color liquid crystal display element can be achieved, because
the transparent electrodes 46 requiring a high preciseness
can be formed directly on one of the glass substrates by
providing the polymer layer 43, the reflector 44, and the
color filters 52, 53, 54 on the other glass substrate.

[0221] Furthermore, an advantage of improved production
yield of the liquid crystal element can be achieved, because
the mounting and correcting of the TCP, whereon the IC for
driving is provided, can be performed readily.

[0222] 1In accordance with the present embodiment, a
reflective color liquid crystal display apparatus, which can
display bright images having a high contrast, can be pro-
vided at a low price, because, by obtaining the color filters
52, 53 by superposed printing using the previously described
three color simultaneous printing method, not only the
removing of the steps on the surface of the color filters, but
also the manufacturing of the reflective color liquid crystal
display element can be achieved at a low cost.

Embodiment 10

[0223] Hereinafter, a method of manufacturing the reflec-
tive liquid crystal display element and the reflective liquid
crystal display apparatus of the present invention will be
explained with reference to a set of schematic cross sections
shown in FIGS. 16(a) to 16()).

[0224] In FIG. 16(a), a polymer layer 43 made of acrylic
resin (epoxy resin or amido group resin is usable, the
polymer layer can be either one of photosensitive and
non-photosensitive), wherein a black pigment is dispersed,
is applied (film thickness: 1.5 um) onto a polymer base film
42 (polyethylene terephthalate, film thickness: 50 um,
depression pitch: approximately 13 um, depression depth:
50 um), which is a support having string-shaped protrusions
and depressions on the surface. After being dried, a tran-
scription film is prepared by providing a cover film (not
shown in the figure, polyethylene, film thickness: 6 um) on
the polymer layer 43. The transcription film 41 is transferred
to the glass substrate 40 (soda glass, plate thickness: 0.7
mm) using a laminator 48 (substrate temperature: 100° C.,
roll temperature: 100° C., roll pressure: 6 kgjem?®, moving
velocity: 0.5 m/minute), and, subsequently, main curing is
performed (240° C./30 minutes), after which the polymer
base film 42 is peeled off to form the polymer layer 43
comprising many protrusions and depressions.

[0225] In FIG. 16(b), a reflector 44 made of aluminum
(silver is usable, film thickness: 100 nm) is formed on the
surface of the polymer layer 43 comprising many protru-
sions and depressions.

[0226] In FIG. 16(c), after applying photosensitive resin
(non-photosensitive resin is usable, film thickness: 1.5 ym)
onto the reflector 44, the photosensitive resin is irradiated
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with ultraviolet rays 59 using a photo mask 58. Next, the
photosensitive resin and the reflector 44 are developed with
a designated developing condition to form rectangular
reflector 44 (aluminum, film thickness: 100 nm, size: 288
4mx88 um, interval 12 gm), an insulating layer 45 (acrylic
resin), transparent electrodes 46 (signal electrodes of ITO
film, film thickness: 260 nm, number of electrodes: 640,
electrode pitch: 100 gm, electrode width: 88 um, interval
between the electrodes: 12 um), and an alignment layer 47
(polyimide, film thickness: 700 nm) on the one electrode
substrate.

[0227] 1In FIG. 16(d), a photosensitive resin is applied
onto the other glass substrate 50 (soda glass, plate thickness:
0.7 mm). Then, the photosensitive resin is irradiated with
ultraviolet rays 59 via the photo mask 58 to form the
boundaries 51 of the color filter areas.

[0228] In FIG. 16(e), the boundaries 51 are developed
with a designated developing condition. In FIG. 16(f), a
coloring layer 52 of the photosensitive resin is applied onto
the substrate to fill the gaps formed by the boundaries 51.
Then, the coloring layer 52 is irradiated with ultraviolet rays
59 via the photo mask 58.

[0229] 1In FIG. 16(g), the photosensitive coloring layer 52
is developed with a designated developing condition to form
a color filter 52 of any one of red, green, and blue (yellow,
cyan, and magenta are usable).

[0230] InFIG. 16(%), the color filters 53, 54 are formed by
repeating the same manufacturing steps as used to form the
color filter 52.

[0231] In FIG. 16(i), after forming the leveling layer 55
(either one of photosensitive resin and non-photosensitive
resin is usable, film thickness: 2.5 ym) onto the color filters
52, 53, 54, the transparent electrode 56 (ITO, scanning
electrodes of: film thickness: 260 nm, number of the elec-
trode: 240, electrode pitch: 300 um, electrode width: 288
um, interval between the electrodes: 12 ym), and the align-
ment layer 57 (polyimide group, film thickness: 70 nm) are
formed thereon.

[0232] In FIG. 16()), one of the above two electrode
substrates manufactured by the manufacturing steps of
FIGS. 16(a) to 16(c) and the other electrode substrate
manufactured by the manufacturing steps of FIGS. 16(d) to
16(;) are arranged so that each of the transparent electrodes
46, 56 faces cach other, and both ¢lectrode substrates are
joined via spacer material 60 of polymer beads having a
particle size equivalent to the thickness of the liquid crystal
61 (particle size: 6 ym).

[0233] When, the reflective color liquid crystal display
element was formed by sealing both electrode substrates
with a sealing material, which is made of epoxy rein,
wherein the above spacer material is dispersed, at periph-
eries of the substrates, filling the liquid crystal 61 ((a liquid
crystal composition composed of cyano PCH and a transfer
derivative, refractive index anisotropy An: 0.133, twisted
angle: 250°) into the interval between the two electrode
substrates, and sealing (photosensitive acrylic resin or pho-
tosensitive epoxy resin) the aperture through which the
liquid crystal was injected.

[0234] Asseen in FIG. 12, a reflective color liquid crystal
display element was composed by arranging designated
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phase plates 63, 64, and a polarizer 62 onto the glass
substrate 50 of the reflective color liquid crystal display
element. A reflective color liquid crystal display apparatus
was composed by mounting a tape carrier package 71,
having an IC for driving the liquid crystal, and an external
circuit for driving 72 on the liquid crystal display element
70.

Embodiment 11

[0235] Hereinafter, a method of manufacturing another
reflective liquid crystal display element and reflective liquid
crystal display apparatus of the present invention will be
explained with reference to a set of schematic cross sections
shown in FIGS. 17(a) to 17(i).

[0236] In FIG. 17, a polymer layer 43 made of acrylic
resin (epoxy resin or amido group resin is usable, the
polymer layer can be either one of photosensitive and
non-photosensitive), wherein a black pigment is dispersed,
is applied (film thickness: 1.5 um) onto a polymer resist film
42 (polyethylene terephthalate, film thickness: 50 wm,
depression pitch: approximately 13 um, depression depth:
1.0 um), which is a support having string-shaped protrusions
and depressions on the surface. After the resin is dried, a
transcription film is prepared by providing a cover film (not
shown in the figure, polyethylene, film thickness: 6 yum) on
the polymer layer 43. The transcription film 41 is transferred
to the glass substrate 40 (soda glass, plate thickness: 0.7
mm) using a laminator 48 (substrate temperature: 10001 C.,
roll temperature: 100° C., roll pressure: 6 kg/cm®, moving
velocity 0.5 m/minute), and, subsequently main curing is
performed (240° C./30 minutes), after which the polymer
resist film 42 is peeled off to form the polymer layer 43
comprising many protrusions and depressions.

[0237] In FIG. 17(b), a reflector 44 made of aluminum
(silver is usable, film thickness: 100 nm) is formed on the
surface of the polymer layer 43 comprising many protru-
sions and depressions.

[0238] In FIG. 17(c), after applying photosensitive resin
49 (non-photosensitive resin is usable, film thickness: 1.5
u#m) onto the reflector 44, the photosensitive resin 49 is
irradiated with ultraviolet rays 59 using a photo mask 58.

[0239] In FIG. 17(d), the photosensitive resin 49 and the
reflector 44 are developed with a designated developing
condition to form rectangular reflector 44 (aluminum, film
thickness: 100 nm, size: 288 umx88 um, interval 12 um),
and an insulating layer 45 (acrylic resin), transparent elec-
trodes 46 (signal electrodes of ITO film, film thickness: 260
nm, number of electrodes: 640, electrode pitch: 100 um,
electrode width: 88 um, interval between the electrodes: 12
um), an alignment layer 47 (polyimide, film thickness: 700
nm) are formed on the one electrode substrate.

[0240] In FIG. 17(e): The coloring layer 52 of photosen-
sitive resin is applied onto the other glass substrate (soda
glass, plate thickness: 0.7 mm). Then, the coloring layer 52
of the photosensitive resin is irradiated with ultraviolet rays
59 via the photo mask 58 for forming the color filter.

[0241] In FIG. 17(f), the photosensitive color filter is
developed with a designated developing condition to form a
color filter 52 of any one of red, green, and blue (yellow,
cyan, and magenta are usable).
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[0242] InFIG.17(g), the color filters 53, 54 are formed by
repeating the same manufacturing steps as were used to form
the color filter 52.

[0243] In FIG. 17(h), after forming the leveling layer 55
(either one of photosensitive resin and non-photosensitive
resin is usable, film thickness: 2.5 um) onto the color filters
52, 53, 54, the transparent electrode 56 (ITO, scanning
electrodes of: film thickness: 260 nm, number of the elec-
trode: 240, electrode pitch: 300 um, electrode width: 288
um, interval between the electrodes: 12 um), and the align-
ment layer 57 (polyimide group, film thickness: 70 nm) are
formed thereon.

[0244] In FIG. 17(i), one of the above two electrode
substrates manufactured by the manufacturing steps of FIG.
17(a) to 17(d) and the other electrode substrate manufac-
tured by the manufacturing steps of FIG. 17(e) to 17(i) are
arranged so that each of the transparent electrodes 46, 56
faces each other, and both electrode substrates are joined via
spacer material 60 of polymer beads having a particle size
equivalent to the thickness of the liquid crystal 61 (particle
size: 6 ym).

[0245] Then, the reflective color liquid crystal display
element was formed by sealing both electrode substrates
with a sealing material, which is made of epoxy rein wherein
the above spacer material is dispersed, at peripheries of the
substrates, filling the liquid crystal 61 ((a liquid crystal
composition composed of cyano PCH and a transfer deriva-
tive, refractive index anisotropy An: 0.133, twisted angle:
250°) into the interval between the two electrode substrates,
and sealing (photosensitive acrylic resin or photosensitive
epoxy resin) the aperture through which the liquid crystal
was injected.

[0246] As indicated in FIG. 12, a reflective color liquid
crystal display element was composed by arranging desig-
nated phase plates 63, 64, and a polarizer 62 onto the glass
substrate 50 of the reflective color liquid crystal display
element. A reflective color liquid crystal display apparatus
was composed by mounting a tape carrier package 71,
having an IC for driving the liquid crystal, and an external
driving circuit 72 on the liquid crystal display element 70.

[0247] 1In accordance with the present embodiment, the
polymer layer comprising fine protrusion and depression
planes composed of string-shaped protrusions or string-
shaped depressions is formed by a transcription method,
which is advantageous in decreasing cost, but the same
polymer layer can be obtained by a printing method, a
photolithography method, and the like. The feature of the
present invention is in forming the fine protrusion and
depression planes with a string-shaped pattern, and the
present invention is not restricted by the method used for
manufacturing the planes.

[0248] 1In accordance with the present embodiment, an
aluminum film, having a film thickness of 100 nm, was
formed as the reflector, and a chromium film, having a film
thickness was of 100 nm, was formed as the black matrix
layer. However, the materials and other factors for the
reflector and the black matrix layer can be selected based on
the object.

[0249] Adoption of the leveling film 55 is arbitrary based
on the object. For instance, if the leveling film is formed
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only in the effective display region, mounting the TCP,
whereon the IC for driving liquid crystal is mounted,
becomes more advantageous.

[0250] As explained above, a reflective liquid crystal
display apparatus having no coloring by optical interference,
and which can obtain bright images, can be provided,
because protrusions and depressions for collecting incident
light in a direction toward viewers can be arranged in a
designated region in a close packing manner by providing an
inside reflector comprising randomly arranged smooth pro-
trusion and depression reflecting planes, which is composed
of string-shaped protrusions, and string-shaped depressions.

[0251] Furthermore, a reflective liquid crystal display
apparatus having no coloring by optical interference, and
which can obtain bright images, can be provided, because a
composition, which can not only collect incident light from
all the directions and direct it toward viewers, but also
decrease the flat portions which generate a positive reflect-
ing light component, is composed by providing an inside
reflector, which comprises smooth protrusion and depres-
sion reflecting planes, wherein string-shaped protrusions or
string-shaped depressions are arranged continuously and
randomly, or the string-shaped protrusions and the string-
shaped depressions are arranged alternately and randomly.

[0252] From the point of view of leveling, a case where
the string-shaped protrusions or the string-shaped depres-
sions are arranged continuously and randomly is more
preferable than a case where the string-shaped protrusions
and the string shaped depressions are arranged alternately
and randomly, because in the former case only the height of
the protrusion or the depression must be considered.

[0253] The case where the string-shaped protrusions and
the string-shaped depressions are arranged alternately and
randomly has a capability to decrease the amount of flat
portions, which generate a positive reflecting light compo-
nent, more than the case where the string- shaped protru-
sions or the string-shaped depressions are arranged continu-
ously and randomly.

[0254] By controlling the pattern of the string-shaped
protrusions or the string-shaped depressions so that the
length component of the string-shaped protrusions and the
length component of the string-shaped depressions in
respective directions become approximately equal, a reflec-
tive liquid crystal display apparatus, which can obtain bright
images, can be provided at a low price, because a reflector,
which can collect incident light from all directions and direct
it in a direction toward viewers, can be formed.

[0255] By controlling the pattern of the string-shaped
protrusions or the string-shaped depressions so that the
length component of the string-shaped protrusions and the
length component of the string-shaped depressions in
respective directions become different from each other, a
reflective liquid crystal display apparatus, which can obtain
bright images, can be provided at a low price, because a
reflector, which can collect incident light from a particular
direction and direct it effectively in a direction toward
viewers, can be formed.

[0256] A reflective liquid crystal display apparatus, which
can obtain bright images, can be provided at a low cost,
because the patterns of the string-shaped protrusions and the
string-shaped depressions are readily formed by providing
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an inside reflector comprising the string-shaped protrusions
and the string-shaped depressions, the cross sectional slope
angles of which are distributed so as to be approximately
symmetrical from right and left.

[0257] A reflective color liquid crystal display apparatus,
which can obtain bright images, can be provided at a low
cost, because it comprises a reflective liquid crystal display
element having a high aperture ratio which can be manu-
factured by coloring the polymer layer having the smooth
protrusion-depression planes comprising string-shaped pro-
trusions or the string-shaped depressions with black pigment
and the like, and by forming its structure to pattern the
reflective layer in a rectangular shape corresponding to the
dot size of the coloring layer.

[0258] A reflective liquid crystal display apparatus, which
can obtain bright images with a high contrast, can be
provided at a low cost, because in the manufacture of the
liquid crystal display element, the forming of the electrodes,
and thee mounting and correcting of the TCP provided with
an IC for driving the liquid crystal can be performed with a
high production yield, and the liquid crystal display element
can be manufactured by forming the reflector and the color
filters on the same substrate, while forming the signal
electrodes requiring a high preciseness directly onto the
other glass substrate.

[0259] Furthermore, a reflective liquid crystal display
apparatus, which can obtain bright images having a high
contrast, can be achieved at a low cost, because unnecessary
reflecting light from non-aperture portions can be decreased
significantly by adding a black matrix function to the
reflector corresponding to the black matrix layer using a
method, such as blackening treatment and the like.

[0260] In accordance with the present embodiment, a
polymer bead spacer is used, but a columnar spacer also can
be used.

What is claimed is:

1. A reflective liquid crystal display apparatus with pixels
comprising;

a first electrode substrate, including

a polymer layer having plural protrusions or depres-
sions arranged randomly is formed on a glass sub-
strate, and

a reflective layer, color filters, transparent electrodes,
and an alignment layer are formed and laminated
sequentially on said polymer layer;

a second electrode substrate, including transparent
electrodes and an alignment layer are formed and
laminated on a glass substrate, arranged so that said
alignment layer faces the alignment layer on said
first electrode substrate; and

a liquid crystal layer formed by filling a liquid crystal
composition into an interval between said first and
second electrode substrates;

wherein portions of said reflective layer corresponding
to the portions of each pixel other than apertures of
each pixel are colored black.
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2. A reflective liquid crystal display apparatus with pixels
comprising;

a first substrate, including

a polymer layer, a reflective layer, an insulating layer,
transparent electrodes, and an alignment layer
formed on a glass substrate;

a second substrate, including transparent electrodes and
an alignment layer formed on a glass substrate, said
second substrate being disposed so that said align-
ment layer faces the alignment layer on said first
substrate; and

a liquid crystal layer formed by filling a liquid crystal
composition into an interval between said first and
second substrates;

wherein portions of said reflective layer corresponding
to portions of each pixel other than apertures of each
pixel are colored black.
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3. Areflective liquid crystal display apparatus with pixels
comprising;

a first electrode substrate, including

a reflective layer, transparent electrodes, and an align-
ment layer formed on a polymer layer;

a second electrode substrate, including color filters,
transparent electrodes, and an alignment layer
formed on a glass substrate, said second electrode
substrate being disposed so that said alignment layer
thereof faces said alignment layer on said first elec-
trode substrate; and

a liquid crystal layer formed by filling a liquid crystal
composition into an interval between said first and
second electrode substrates;

wherein portions of said reflective layer corresponding
to portions of each pixel other than apertures of each
pixel are colored black.
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