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7) ABSTRACT

A liquid crystal display device includes two electrode sub-
strates and a liquid crystal layer laid between these sub-
strates. One electrode is composed of a glass substrate with
a plastics layer having plural convex portions or convex and
concave portions randomly formed thereon and a lamination
of a reflector, an insulating and flatting layer, a transparent
electrode, and alignment layer formed on the plastics layer.
The other electrode substrate is composed of a glass sub-
strate and a lamination of a transparent electrode and align-
ment layer formed on the glass substrate. Both of the
electrode substrates are located in a manner to allow the
alignment layer of them to be opposed to each other.
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DIFFUSED REFLECTOR, LIQUID CRYSTAL
DISPLAY DEVICE CONSTRUCTED TO USE THE
REFLECTOR, AND MANUFACTURE OF THE
SAME

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device, and more particularly to the reflector-con-
tained liquid crystal display device having an effective
function for reflective color display and the manufacture of
the liquid crystal display device.

[0002] As a conventional reflective type color liquid crys-
tal display device, some methods for manufacturing the
device have been proposed as disclosed in JP-A-3-223715,
JP-A-5-80327, and JP-A-4-243225. In those methods, a
rugged (convexo-concave) surface is formed under a reflect-
ing film. Those methods are used for simply manufacturing
the liquid crystal display device (often called LCD) having
the diffused reflecting film built therein.

[0003] The structures formed by those methods are (1) a
structure composed of an aluminum thin film formed on a
ground glass surface, (2) a two-layered structure composed
of a reflective electrode and a thin film layer having a
different thermal expansion coefficient from the reflective
electrode, and (3) a structure composed of a reflecting film
formed on a surface with lots of fine convex portions formed
by plastics. Those structures each use both the reflector and
the electrode.

SUMMARY OF THE INVENTION

[0004] In the foregoing prior art (1), the fine convex and
concave portions are formed on a glass substrate by means
of the sandblast technique, for example. In the foregoing
prior art (2), the fine convex and concave portions are
formed on the reflecting film surface by means of stress
caused by the difference of a thermal expansion coefficient
between the reflecting film and the plastics formed under the
reflecting film.

[0005] Further, those reflecting films are patterned and
served as both the reflector and the electrode.

[0006] However, those methods have problems of (1)
inferior reproducibility of the fine rugged pattern, (2) diffi-
culty in patterning the reflecting film, (3) difficulty in
forming a color filter on the reflecting film, and so forth.

[0007] Further, the foregoing structure (3) is formed with
a photo polymer by means of the photolithography tech-
nique. It means that the manufacturing process is compli-
cated and has lots of steps. The manufacturing process is
therefore very costly. Moreover, since the reflector is also
served as an electrode, the composition where a color filter
is formed on the reflector disadvantageously results in
lowering a voltage to be applied to the liquid crystal.

[0008] The foregoing structures (2) and (3) include a
plastics layer under an electrode terminal. In the connecting
process of heating and pressing a tape carrier package
(called a TCP through the rest of this description) having a
liquid crystal driver IC mounted thereon through a conduc-
tive layer, therefore, those structures are likely to bring about
a bad connection and film strip in the electrode terminal.
Moreover, those structures have difficulty in re-connection
as well.
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[0009] Tt is an object of the present invention to provide a
diffused reflector from which the foregoing disadvantages
are removed, a liquid crystal display device constructed to
use the diffused reflector, and a manufacture of the liquid
crystal display device.

[0010] In order to achieve this object, the present inven-
tion is composed as follows:

[0011] [1] A diffused reflector composed of a sub-
strate, a rugged thin film formed on the substrate, and
a reflecting layer formed on the rugged thin film, the
thin film layer being integrated with the reflecting
layer in advance.

[0012] [2] The diffused reflector of [1] having an
adhesive layer for bonding the thin film and the
reflecting layer.

[0013] [3] A diffused reflector composed of a sub-
strate and a diffused reflecting layer transcribed onto
and bonded with the substrate by a transcription film.

[0014] [4] A diffused reflector composed of a sub-
strate, a rugged thin film formed on the substrate, a
reflecting layer formed on the rugged thin film, and
a flatting layer formed on the reflecting layer, the thin
film layer being integrated with the reflecting layer in
advance and the thin film layer being bonded with
the substrate by an adhesive layer.

[0015] [5] The diffused reflector of [4] having the
thin film served as the adhesive layer.

[0016] [6] A liquid crystal display device composed
of a pair of substrates, a liquid crystal layer laid
between the pair of substrates, an adhesive layer
formed on one of the pair of substrates, a rugged thin
film formed on this adhesive layer, a reflecting layer
formed on the rugged thin film, and a flatting layer
formed on this reflecting layer, and an electrode
structure for generating an electric field in the liquid
crystal located between the flatting layer and the
other one of the pair of substrates.

[0017] [7] A liquid crystal display device composed
of one electrode substrate a having a glass substrate,
a plastics layer with convex portions or convex and
concave portions randomly formed on the glass
substrate, a lamination of a reflector, an insulating
and flatting layer, a transparent electrode, and align-
ment layer formed on the plastics layer and the other
electrode substrate b having a transparent electrode
and alignment layer laminated on the glass substrate,
the electrode substrates a and b being located so that
the alignment layer of them are opposed to each
other and having a liquid crystal layer laid there-
between.

[0018] [8] The liquid crystal display device of [7]
having a shading layer and a color filter formed on
the insulating and flatting layer and the liquid crystal
having its thickness regulated by plural plastics
columns formed on the shading layer.

[0019] [9] A method for manufacturing the liquid
crystal display device including the steps of locating
one electrode electrode a formed by the substeps of
forming a thin plastics layer on the glass substrate
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and forming fine convex portions or convex and
concave portions on the plastics layer by heating and
pressing the surface of the plastics layer with a
pattern having lots of fine convex portions or convex
and concave portions formed thereon, forming the
reflecting film on the plastics layer and the insulating
and flatting layer on the reflecting film, forming the
shading layer and the color filter on the insulating
and flatting layer, forming the flatting layer on the
color filter, forming the transparent electrode on the
flatting layer, forming the alignment layer of the
liquid crystal on the transparent electrode, and the
other electrode substrate b formed by the substeps of
forming the transparent electrode on the glass sub-
strate and forming the alignment layer of the liquid
crystal on the transparent electrode in a manner to
oppose the alignment layer of the electrode sub-
strates a and b to each other; filling liquid crystal
between both of the electrode substrates; and sealing
the liquid crystal therebetween.

[0020] [10] The manufacturing method for the liquid
crystal display of [9] including the steps of forming
lots of fine convex portions or convex and concave
portions on the surface of the glass substrate; heating
and pressing a transcription film having a photo or
thermoset plastics layer laminated on a polymer base
film with lots of fine convex portions or convex and
concave portions formed at random; and stripping
the polymer base film off the glass substrate.

[0021] [11] The manufacturing method for the liquid crys-
tal display device of [9] or [10] further including the step of
forming plural plastics columnar portions for regulating the
thickness of the liquid crystal layer on the shading layer
formed on the flatting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIGS. 1A to 1H are diagrammatic sections show-
ing a process for manufacturing a reflective color liquid
crystal display device according to a first embodiment of the
present invention,

[0023] FIGS. 2A to 2H are diagrammatic sections show-
ing a process for manufacturing a reflective color liquid
crystal display device according to a second embodiment of
the present invention;

[0024] FIGS. 3A to 3H are diagrammatic sections show-
ing a process for manufacturing a reflective color liquid
crystal display device according to a third embodiment of
the present invention;

[0025] FIGS. 4A to 4H are diagrammatic sections show-
ing a process for manufacturing a reflective color liquid
crystal display device according to a fourth embodiment of
the present invention;

[0026] FIGS. 5A to 5H are diagrammatic sections show-
ing a process for manufacturing a reflective color liquid
crystal display device according to a fifth embodiment of the
present invention,

[0027] FIGS. 6A to 6] are diagrammatic sections showing
a composition of a reflective color liquid crystal display
device according to the present invention,
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[0028] FIG. 7 is a diagrammatic section showing a com-
position of an active-matrix drive type liquid crystal display
device according to the present invention,

[0029] FIG. 8 is a diagrammatic section showing a com-
position of a reflective color liquid crystal display device
according to the present invention;

[0030] FIG. 9 is a diagrammatic perspective view show-
ing a method for measuring a reflective characteristic of the
reflective color liquid crystal display device;

[0031] FIG.10is a graph showing an exemplary reflective
characteristic of the reflective color liquid crystal display
device; and

[0032] FIG. 11 is a diagrammatic section showing a form
and dimensions of a spherical projection of a diffused
reflector according to the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0033] The description will be oriented to the concrete
method for manufacturing a reflective color liquid crystal
display device constructed to use a diffused reflector accord-
ing to the present invention, a diffused reflector with a
shading layer, or a ground film. The liquid crystal display
cell is completed by the steps of:

[0034]

[0035] (1) forming a transcription film having photo
or thermoset plastics coated (thickness: 1 to 3 pm)
and dried on a polymer base film on which lots of
fine convex portions or convex and concave portions
(pitch: 10 to 30 ym and height or depth: 1 to 2 um)
at random, and pasting (rolling speed: 0.1 to 3
m/min.) the thin film of photo or thermoset plastics
of the transcription film with a glass substrate surface
by adding heat (50 to 150° C.) and pressure from a
polymer base film served as a supporter by means of
a roll laminator or the like,

forming one electrode substrate by the substeps of;

[0036] (2) stripping the polymer base film served as
a supporter off the glass substrate,

[0037] (3) forming a reflecting film (composed of
aluminum or silver, thickness: 100 to 300 nm) on a
plastics film having convex portion or convex and
concave portions formed thereon,

orming an sulating and flatting film
0038] (4) formi insulati d flatting fil
(thickness: 1 to 2 um) on the reflecting film,

[0039] (5) forming a shading film (thickness: 0.5 to 2
um) on the insulating film,

0040] (6) forming red, green and blue color filters
g g
(thickness: 0.5 to 2 um) on the shading film,

[0041] (7) forming a flatting layer (thickness: 1 to 3
um) on the color filter,

[0042] (B) forming an ITO (Indium Tin Oxide) film
(100 to 300 nm) served as a transparent electrode on
the flatting film, and

[0043] (9) forming alignment layer (50 to 150 nm) on
the transparent electrode,

[0044] forming on the glass substrate the other elec-
trode substrate by the substeps of;
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[0045]

[0046] (11) forming alignment layer (50 to 150 nm)
on the transparent electrode,

[0047] (12) combining both of the electrode sub-
strates with each other with a spacer (polymer beads,
silica beads, glass cellulose) so that the alignment
layer of the substrates are opposed to each other and
bonding them around the electrode substrates with a
sealing member (formed by compounding the spacer
in the epoxy type resin) and sealing them; and

[0048] (13) sealing liquid crystal between the elec-
trode substrates.

(10) forming a transparent electrode, and

[0049] Then, the liquid crystal display device according to
the present invention is completed by the steps of:

[0050] (14) pasting a given retardation plate and a
given polarizer on the glass substrate surface on
which only the transparent electrode of the liquid
crystal display cell is formed;

[0051] (15) connecting a TCP having an IC for driv-
ing the liquid crystal and a connecting terminal with
the driving external circuit to the liquid crystal
display cell; and

[0052] (16) incorporating the liquid crystal display
cell in a case, a frame or the like.

[0053] Further, as the second feature of the present inven-
tion, in place of the polymer base film having lots of fine
convex portions or convex and concave portions formed at
random, provided in the foregoing item (1), it is possible to
use a pattern having as a basic pattern a roller, a stamper, or
a polymer sheet having given convex portions or convex and
concave portions.

[0054]

[0055] (1) forming a thin film of plastics (thickness:
1 to 3 um) by coating the plastics on the glass
substrate and drying it, and

[0056] (2)stamping a pattern having convex portions
or convex and concave portions onto a thin plastics
layer with the pattern having lots of fine convex
portions or convex and concave portions located at
random by applying heat and press.

Concretely, this method includes the steps of:

[0057] The following steps are analogous to those
described in the items (3) to (16).

[0058] The present invention makes it possible to greatly
reduce the manufacturing steps as compared with those of
the prior art by using a film (called a diffused reflector
integrated color filter) having a lamination of a pigment
(black, red, green or blue) dispersed photo polymer layer, a
reflecting layer, and a plastics layer on a polymer base film
or a film (called a color filter film) having a lamination of a
photo polymer film with red, green and blue pigment dis-
persed therein on the polymer base film.

[0059] Further, the present invention also makes it easy to
form the electrodes on the opposed substrate and thus to
modify the electrodes and connect the TCP because no
shading film or color filter is required to be formed on the
opposed substrate having no reflector.
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[0060] In the present invention, for forming a lamination
of a plastics layer and a reflecting layer or a lamination of a
plastics layer, a reflecting layer and a shading layer on the
glass substrate, a simple method may be provided for pasting
on the polymer base film a transcription film on which the
former or the latter lamination is formed in advance.

[0061] Further, by forming a finely shaped signal electrode
with lots of electrodes on one electrode substrate, for
example, the modification of the electrode and the repair in
connecting the TCP are made easy. This leads to enhancing
the yields and lowering the cost.

[0062] Moreover, a shading layer may be formed by
laminating on the glass substrate a color filter film with a
diffused reflector composed by laminating a reflecting film
and a black photo film on a polymer base film having a
plastics layer with convex portions or convex and concave
portions formed thereon and then exposing the black photo
film through the photo-mask, developing, and curing the
exposed film.

[0063] The first color filter is patterned by laminating the
color filter film on the glass substrate or spin-coating the
photo plastics film with red, green or blue pigment dispersed
thereon (called a color resist) and then exposing the film
through the photo-mask, developing, and curing the exposed
film.

[0064] Then, the second and the third color filters are
formed in the similar manner.

[0065] After forming a flatting layer for making the sur-
faces of the first, the second and the third color filters tabular,
a transparent electrode pattern composed of an ITO film is
formed on the flatting layer.

[0066] By forming the alignment layer (polyimide type
resin) for controlling the alignment of the liquid crystal
molecules on the transparent electrode and rubbing the
alignment film with the known means for keeping the
alignment in order, the other electrode substrate may be
produced.

[0067] The diffused reflector according to the invention
may have convex portions or convex and concave portions
by a convenient film transcription without using the photo-
lithography technique. Then, by forming a reflecting layer
composed of aluminum or silver on top of the diffused
reflector, the resulting diffused reflector to be incorporated in
the LCD device may be produced. Hence, the LCD device
having the diffused reflector built therein may be manufac-
tured with smaller number of steps and at lower cost than the
prior art.

[0068] According to the present invention, unlike the prior
art where one layer is served as the electrode and the
reflector, the electrode may be separated from the reflector.
Hence, the patterning of the metallic electrode is made quite
casy. This composition makes it possible to form the other
components, in particular, the color filter and the shading
film (also called a black matrix) on the substrate with the
reflector formed thereon between the clectrode and the
built-in reflector without having to lower the voltage applied
to the liquid crystal layer.

[0069] Since those components such as the color filter and
the black matrix may be formed on the substrate on which
the diffused reflector is formed, the components on the
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opposed substrate are reduced in number, so that the repair
of the electrode to be formed on the opposed substrate is
made easier. In particular, due to the fact that the signal
electrode with lots of electrodes and narrow pitches is
directly formed on the glass substrate, the connection of the
TCP having the IC for driving the liquid crystal and the
repair of the IC are made advantageously easier.

[0070] In a case thata method of pasting the transcription
film is employed as a method for forming the diffused
reflector, it reduces the manufacturing steps in number and
makes the repair of the glass substrate easy, thereby lower-
ing the cost as well as flatting the diffused reflecting side of
the diffused reflector. This serves to improve gap accuracy
between both of the substrates and flat the members to be
formed between the liquid crystal layer and the substrate.

[0071] In turn, the description will be oriented to a reflec-
tive LCD cell that is preferably suitable for an embodiment
of the present invention. In this invention, the description
will be expanded mainly along a %2 VGA hand-held personal
computer (called a hand-held PC) having a display scale of
640x240 dots (pixel pitch: 0.3 mmx0.3 mm, pixel size;
0.288 mmx0.288 mm, screen diagonal size: 8.1 inch), a
super twisted nematic (STN) liquid crystal display device
used mainly for a monitor, or a reflective STN color liquid
crystal display device (simply called a reflective color LCD
device).

[0072] The present invention does not depend on the
driving system of the liquid crystal contained in the LCD
device. Hence, it is not limited to the STN LCD system and
may apply to any one of an active addressing system and a
passive system.

[0073] The reflective LCD device will be concretely
described below along the embodiments.

[0074] [First Embodiment)]

[0075] One example of the manufacture of the reflective
LCD cell according to the invention will be described with
reference to the diagrammatic sections of the steps (a) to (h)
shown in FIGS. 1A to 1H.

[0076] Step (a): A transcription film is prepared by coating
(coat thickness: 1.5 um) a plastics layer 2 composed of
acrylic resin (epoxy type resin or imide type resin, or photo
or non-photo plastics layer) on a polymer film 15 served as
a supporter having lots of concave portions on the surface
thereof (polyethylene terephthalate, thickness: 50 um, con-
cave pitch: about 15 um, concave depth: 1.2 um), drying the
coat, and then forming a protective film (not shown, poly-
ethylene, thickness: 6 um) on the plastics layer 2.

[0077] The transcription film is transcribed on a glass
substrate 1 (soda glass, thickness: 0.7 mm) with a roller
laminator 18 (substrate temperature: 100° C., roller tem-
perature: 100° C., roller pressure: 6 kg/em?, feed speed: 0.5
m/min,). Next, the main curing (240° C./30 min,) is done
and the protective film is stripped off the plastics layer 2 for
forming the plastics layer 2 having concave portions.

[0078] Step (b): A reflecting layer 3 composed of alumi-
num (Instead, silver may be used. Thickness: 100 nm) is
formed on the plastics layer 2 having lots of concave
portions.

[0079] Step (c): An insulating and flatting layer 4 com-
posed of acrylic resin (thickness: 2 u#m) is formed on the
reflecting layer 3.
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[0080] Step (d): A shading layer 5a (thickness: 1.2 um)
composed of acrylic resin (or epoxy type resin) is formed by
coating a black pigment-dispersed photo polymer layer on
the insulating and flatting layer 4, applying ultraviolet light
17 to the coated layer 5 through a photo-mask for exposing
the layer 5 and developing it.

[0081] Step (¢): A photo plastics layer 6 (thickness: 1.2
um) composed of acrylic resin (or epoxy type resin) is
coated on the shading layer 5a by a mother member having
red pigment particles dispersed therein. The ultraviolet light
17 is applied to the photo plastics layer 6 through the
photo-mask 16 for exposure. Then, the exposed layer 6 is
developed.

[0082] Step (f): Ared colored layer 6a is formed from the
photo plastics layer 6.

[0083] Step (g): Next, like the red colored layer 64, a green
colored layer 6 and a blue colored layer 6c are formed in
sequence. Then, a flatting layer 7 (thickness: 2 ym) com-
posed of acrylic resin (or epoxy type resin), a transparent
electrode 8 (ITO film with a thickness of 260 nm; scanning
electrode with electrode number of 240, electrode pitch of
300 ym, electrode width of 288 um and electrode gap of 12
um), and polyimide alignment layer (thickness: 70 nm) are
formed on the shading layer 5a and the colored layers 6a, 6b
and 6c.

[0084] Step (h): One electrode substrate formed at the
foregoing steps (a) to (g) and the other electrode substrate
are located in a manner to allow both of the electrodes 8 and
11 to be opposed to each other and are combined with a
spacer 13 composed of polymer beads (grain diameter of 6
um) corresponding to the thickness of a liquid crystal layer.
The other electrode substrate includes a lamination of a
transparent electrode 11 (ITO film with thickness of 260 nm;
signal electrode with electrode number of 1920, electrode
pitch of 100 um, electrode width of 88 um, electrode gap of
12 pm), and polyimide alignment layer 12 (thickness: 700
nm) formed on a glass substrate 10 (soda glass, thickness:
0.7 mm).

[0085] Then, the reflective LCD cell is manufactured as
follows. The portion around the substrate is sealed by a
sealing material containing polymer beads (or glass fiber)
mixed in the epoxy type resin. Liquid crystal 14 (liquid
crystal mixture composed of cyano PCH and transfer deriva-
tive, index anisotropy An: 0.133, twisted angle: 250°) is
injected and sealed (photo acrylic resin or photo epoxy type
resin) for manufacturing the reflective LCD cell.

[0086] In this embodiment, the ground layer of the dif-
fused reflector is composed by locating lots of fine convex
(semi-spherical) resin portions with a diameter of 15 um and
a height of 1.2 um at random so as to avoid light interference
and forming an aluminum film with a thickness of 100 nm
as a reflecting film. The material, the form and the size of the
convex resin portion may be selected according to the
purpose.

[0087] According to this embodiment, the plastics layer of
the diffused reflector composed by the filter transcription
method may have the desired shape formed at the same
precision as the shape by the photolithography technique.
Hence, this embodiment may provide the reflective color
LCD device with the diffused reflector built therein at low
cost. Further, by incorporating the diffused reflector, the
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reflective color LCD device may be provided for displaying
a high-contrast and bright image if viewed from every
direction.

[0088] 1In particular, since the pixel electrode is separated
from the reflector, even the cell composition wherein the
color filters are formed on the reflector may provide a
reflective LCD device that keeps the voltage applied on the
liquid crystal constant.

[0089] Without having to use the photolithography
method by which the manufacture is made complicated, it is
possible to easily form a desired pattern on the transcription
film with excellent reproducibility by using the pattern.

[0090] Since the signal electrode with a narrow electrode
width and location pitch is directly formed on the glass
substrate, the mount and the repair of the TCP on which the
IC for driving the liquid crystal is mounted is made easy.
This is effective in improving the yields in manufacturing
the liquid crystal cell.

[0091] Moreover, by using the transcription film having
the shading layer, the reflecting layer, and the plastics layer
laminated on the polymer base film having fine convex or
concave portions in the describing sequence, it is possible to
greatly reduce the manufacturing steps in number. Further,
by using the transcription film for the colored layer, the
surface of the colored layer is made flat, which outputs a
totally even and high-contrast image.

[0092] Further, the insulating and flatting layer 4 or the
flatting layer 7 may be adopted according to the purpose. For
example, if the layer is formed only on the effective display
area, the TAB connection is made more advantageous.

[0093] By locating the insulating layer between the align-
ment layer and any one of the transparent electrodes, the
similar effect may be obtained.

[0094] The manufacturing method of the diffused reflector
according to the invention includes the steps of pre-forming
a convex or concave and convex original pattern on a roll,
a plate or a sheet, transcribing the pattern on a thin plastics
layer, and forming the reflecting film on the plastics layer.
This manufacturing method may easily provide the diffused
reflector with excellent pattern reproducibility.

[0095]

[0096] In turn, the description will be oriented to an
example of the manufacturing method of another reflective
LCD device according to the invention along the steps (2) to
(h) shown in FIGS. 2A to 2H.

[0097] Step (a): A plastics layer 2 (thickness: 1.5 um)
composed of acrylic resin is formed on the glass substrate 1
(soda glass, thickness: 0.7 mm) by means of a spinner
coating method and then is dried.

[0098] Next, heat and press 20 (temperature: 100° C.,
pressure: 6 Kg/cm?) is applied on the plastics layer 2 by
using a plate-shaped pressing die 19 having concave por-
tions or convex and concave portions formed thereon (not
shown, concave pitch: about 15 ym, and concave depth: 1.2
um) for transcribing the pattern onto the plastics layer 2.
Then, the plastics layer 2 is hardened for 30 min. in a
thermostatic oven (240° C.) for forming the convex pattern.

[Second Embodiment]
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[0099] The process at the step (b) or lower is executed like
the first embodiment for manufacturing the reflective LCD
device. Further, the ground layer of the diffused reflector is
the same as that of the first embodiment.

[0100] Though the photolithography technique disallows
the unfavorable portions to be checked after the overall
process is completed, this embodiments allows the unfavor-
able portions to be immediately checked because the pre-
determined concave portions or convex and concave por-
tions are transcribed onto the semi-cured plastics layer 2 at
the initial step (2). Hence, the reproduction of the glass
substrate may be done easily and immediately. This is quite
advantageous to lowering the cost.

[0101] [Third Embodiment]

[0102] In turn, the description will be oriented to an
example of the manufacturing method of another reflective
LCD device according to the invention along the steps (a) to
(h) shown in FIGS. 3A to 3H.

[0103] Step (a): By using a roll (roll-shaped pressing die)
21, the concave portions or the convex and concave portions
formed on the surface of the roll are transcribed onto the
plastics layer 2 formed on the glass substrate 1 in the similar
manner to the second embodiment.

[0104] The process at the next step (b) or later is similar
to the process of the second embodiment. Hence, the
description thereabout is left out. The ground layer of the
diffused reflector is the same as that of the first embodiment.

[0105] This embodiment is characterized by forming the
ground layer of the diffused reflector in the simple manner
and, like the photolithography technique, optionally control-
ling transcription of the convex or concave and convex
pattern onto the ground layer having the convex portions or
the convex and concave portions transcribed onto the plas-
tics layer by controlling the exposure of ultraviolet light or
curing temperature.

[0106] Like the foregoing second embodiment, in the
process of forming the plastics layer 2 having the convex
portions or the convex and concave portions, served as the
ground layer of the diffused reflector, disadvantageously, if
the unfavorable portion takes place, the plastics layer can be
stripped, so that the glass substrate may be easily reused.

[0107] [Fourth Embodiment)]

[0108] In turn, the description will be oriented to an
example of the manufacturing method of another reflective
LCD device according to the invention along the steps (a) to
(h) shown in FIGS. 4A to 4H.

[0109] Step (a): A transcription film, composed by coating
a plastics layer 2 (thickness: 1.5 4m) on a polymer base film
15 having lots of concave portions formed thereon used in
the first embodiment, drying the coat, and forming a pro-
tective film of polyethylene (not shown, thickness: 6 ym) on
the plastics layer 2, is transcribed on a glass substrate 1 by
means of aroll laminator 18 like the first embodiment. Then,
the plastics layer 2 is cured in a thermostatic oven (240° C.)
and for thirty min., for forming convex portions.

[0110] Step (b): Also like the first embodiment, a reflect-
ing layer 3 is formed on the plastics layer 2 having lots of
convex portions.



US 2002/0054259 Al

[0111] Step (c): An insulating and flatting layer 4 (com-
posed of acrylic resin or epoxy type resin, thickness: 2.0 ym)
is formed on the reflecting layer 3.

[0112] Step (d): Also like the first embodiment, a black
pigment-dispersed photo polymer layer 5 is coated or lami-
nated on the insulating and flatting layer 4.

[0113] Step (e): A red pigment-dispersed photo plastics
layer 6 (mother material: acrylic resin or epoxy type resin,
thickness: 1.2 um) is coated (or laminated) on the shading
layer 5a. Then, the ultraviolet light 17 is applied to the layer
6 through a photo-mask 16 for exposing and developing the
layer 6.

[0114] Step (f): A red colored layer 6a is formed on the
shading layer 5a as columns.

[0115] Step (g): Next, like the formation of the red colored
layer 6a, a green colored layer 6b and a blue colored layer
6c are formed in sequence. Then, a transparent electrode 8
(ITO film with thickness of 260 nm, electrode is a scanning
electrode) and polyimide alignment layer (thickness: 70 nm)

are formed on the shading layer Sa and the colored layers 6a
6b and 6c.

[0116] Step (h): Except the case that no spacer for regu-
lating the liquid crystal thickness is used, like the first
embodiment, the opposed electrode substrates are located
and liquid crystal 14 is injected and sealed between both of
the substrates for producing a reflective LCD device. In
addition, the ground layer of the diffused reflector is the
same as that of the first embodiment.

[0117] In this embodiment, without using the spacer, the
columnar colored layer 6a formed on the shading layer 5a is
served to regulate the thickness of the liquid crystal. Hence,
it is effective for the reflective LCD device.

[0118] [Fifth Embodiment]

[0119] In twm, the description will be oriented to an
example of the manufacturing method of another reflective
LCD device according to the present invention along the
steps (a) to (h) shown in FIGS. 5A to 5H.

[0120] Step (a): Atranscription film is prepared by coating
(thickness: 1.5 um) the plastics layer 2 used in the first
embodiment on a polymer film 15 having lots of concave
portions formed thereon and served as a supporter (which
film is composed of polyethylene terephthalate, thickness:
50 ym, concave pitch: about 15 um, concave depth: 1.2 um),
drying the coat, and forming the protective film (not shown)
used in the first embodiment on the plastics layer 2.

[0121] Like the first embodiment, the transcription film is
transcribed on the glass substrate 1 by means of a roll
laminator 18. Then, the plastics layer is cured in a thermo-
static oven (240° C.) and for thirty min., for forming convex
portions.

[0122] Step (b): A reflecting layer 3 (composed of alumi-
num or silver, thickness: 100 nm) is formed on the plastics
layer 2 having convex portions.

[0123] Step (¢): An insulating and flatting layer 4 (com-
posed of acrylic resin or epoxy type resin, thickness: 2 ym)
is formed on the reflecting layer 3.

[0124] Step (d): Ablack pigment-dispersed photo polymer
layer § is coated or laminated on the insulating and flatting
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layer 4. Then, the ultraviolet light 17 is applied to the layer
5 through the photo-mask 16 for exposing and developing
the layer 5. The resulting layer 5 is made to be a shading
layer 5a (mother material: acrylic resin or epoxy type resin,
thickness: 1.2 um).

[0125] Step (e): A red pigment-dispersed photo plastics
layer 6 (mother material: acrylic resin or epoxy type resin,
thickness: 1.2 um) is coated or laminated on the shading
layer Sa. The ultraviolet light 17 is applied to the layer 6
through the photo-mask 16 for exposing and developing the
layer 6.

[0126] Step (f): From the photo plastics layer 6, a red
colored layer 6a is formed on the shading layer Sa as
columns.

[0127] Step (g): Like the formation of the red colored
layer 6a, a green colored layer 65 and a blue colored layer
6¢ are formed. Then, an elastic layer 22 (photosensitive
resin, thickness: 1.2 um), a transparent electrode 8 (ITO film,
scanning clectrode with thickness of 260 nm), and polyim-
ide alignment layer 9 (thickness: 70 nm) are formed on the

columns of the shading layer 5a and the colored layers 6a,
6D and 6c.

[0128] Step (h): Like the first embodiment, two electrode
substrates are located in an opposed manner. Liquid crystal
14 is injected and sealed between the electrode substrates for
producing a reflective LCD device. In addition, the ground
layer of the diffused reflector is the same as that in the first
embodiment.

[0129] The method of forming the columns of the colored
layer 6 and the elastic layer 22 on the shading layer 5a for
regulating the thickness of the liquid crystal is not limited to
this embodiment. It is effective for the LCD device for
regulating the thickness of the liquid crystal by using the
spacer.

[0130] Further, it is preferable to form the columns of the
colored layers 6 and the elastic layer 22 in consideration of
a screen size.

[0131] Moreover, the use of the transcription film having
the colored layer (one of the black, red, green, and blue
layers), the flatting layer, the reflecting layer, and the plastics
layer laminated on the base film is advantageous in greatly
reducing the steps in number and directly forming a color
filter on the diffused reflector. If the color filter is formed on
the diffused reflector by this method, it is effective in making
the surface of the color filter flat.

[0132] The absence of the color filter in the opposed
substrate is advantageous in connecting the TCP. Moreover,
since the surface of the color filter is made flat, it is possible
to prevent reduction of a contrast ratio and brightness
unevenness.

[0133] 1In a case that the color filter is formed on the
diffused reflector, without being limited to the above
method, the color filter may be formed on the diffused
reflector by using the pigment resist or the transcription film,
for example.

[0134] Further, if this colored layer is composed of black
pigment-dispersed photo plastics, by using a colored layer
that is transparent until patterning and then made black by
chemical response by heating, a shading layer is formed to
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have a narrow line width. With this type of shading layer, it
is possible to produce a reflective LCD device having a high
numerical aperture (bright display).

[0135] In addition, by locating the plastics layer having
convex portions or convex and concave portions only in the
effective display area, the terminals of the transparent elec-
trode may be directly formed on the glass substrate, which
is more advantageous in connecting the TAB.

[0136] [Sixth Embodiment]

[0137] In turn, the description will be oriented to an
example of the manufacturing method of another reflective
LCD device according to the present invention along the
steps (a) to (i) shown in FIGS. 6A to 6J.

[0138] Step (a): A transcription film is prepared by form-
ing a plastics layer 2 and a protective film on a polymer film
15 composed of polyethylene terephthalate used in the first
embodiment.

[0139] The transcription film is transcribed on a glass
substrate 1 by means of a roll laminator 18 under the same
condition as the first embodiment. Then, the plastics layer 2
is cured in a thermostatic oven (240° C.) and for thirty min.,
for forming the plastics layer 2 having convex portions.

[0140] Step (b): Areflecting layer 3 of aluminum (100 nm)
is formed on the plastics layer 2 having lots of convex
portions.

[0141] Step (c): An insulating and flatting layer 4 com-
posed of acrylic resin (thickness: 2 um) is formed on the
reflecting layer 3.

[0142] Step (d): An ITO transparent electrode 8 (signal
electrode with thickness of 260 nm) and alignment layer 9
composed of polyimide type resin (70 nm) are formed on the
insulating and flatting layer 4, for producing one electrode
substrate.

[0143] Step (¢): Then, a black photo polymer black matrix
having black pigment dispersed therein and composed of
acrylic resin is spin-coated on the other glass substrate 10
(composed of soda glass in thickness of 0.7 mm). Then, the
ultraviolet light 23 is applied to the layer § through the
photo-mask 24 for exposing the layer 3.

[0144] Step (f): The development of the exposed layer
results in forming a shading layer 5a (thickness: 1.2 um).

[0145] Step (g): A red pigment-dispersed photo polymer
(black matrix) layer 6 composed of acrylic resin (thickness:
1.2 um) is coated (or laminated) on the shading layer 5a.
Then, the ultraviolet light 17 is applied to the layer 6 through
the photo-mask 24 for exposing the layer 6. Then, the
exposed layer 6 is developed.

[0146] Step (h): Ared colored layer 6a is formed between
the columns of the shading layer Sa.

[0147] Step (i): In the same process as the red colored
layer 6a, a green colored layer 6b and a blue colored layer
6¢ are formed. Then, a flatting layer 7 (composed of acrylic
resin or epoxy type resin, thickness: 2 um), an ITO trans-
parent electrode 8 (scanning electrode with thickness of 260
nm), and alignment layer 12 (composed of polyimide resin,
with thickness of 70 nm) are formed on the colored layers.
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[0148] The reflective LCD cell is produced by locating the
electrode substrate 1 formed by the steps (a) to (b) and the
electrode substrate 10 formed by the steps (e) to (i) in a
manner to allow the alignment layer 9 and 12 to be opposed
to each other, combining the electrode substrates with each
other through a spacer 13 (polymer beads), bonding and
sealing the peripheral portions of the substrates by a sealing
material used in the first embodiment, and injecting and
sealing the liquid crystal 14 (liquid crystal mixture com-
posed of cyano PCH and transfer derivative, index anisot-
ropy An: 0.133, twisted angle: 250°) between the electrode
substrates by photosensitive acrylic resin.

[0149] In this embodiment, as the ground layer of the
diftused reflector, fine convex portions (semispherical por-
tions: 15 um in diameterx1.2 ym in height) are randomly
located so as to avoid light interference. Then, an aluminum
reflecting film (100 nm) is formed on the ground layer. The
material, the shape, and the size of each fine convex portion
may be selected according to the purpose.

[0150] In this embodiment, by forming the color filter on
one glass substrate and the diffused reflector on the other
glass substrate, the color filter substrate for a transparent
type LCD cell may be used. This makes great contribution
to lowering the cost of the reflective color LCD device.

[0151]

[0152] The description will be oriented to an example of
an active-matrix drive type LCD device having thin film
transistors (TFT) with reference to FIG. 7.

[0153] One clectrode substrate is formed by using the
transcription film as in the first embodiment. The electrode
substrate includes the glass substrate 1 (non-alkali glass
plate of 0.7 mm in thickness) having lots of fine convex
portions formed at the steps (a) to (g), the shading layer 5a,
the red colored layer 64, the green colored layer 6b, the blue
colored layer 6c, the flatting layer 7 formed on the shading
layer Sa and the colored layers 6a, 60 and 6c, an ITO
transparent electrode (common electrode) 8, and alignment
layer 9 in describing sequence.

[0154] The other electrode substrate includes a glass sub-
strate 80 (composed of non-alkali glass plate of 0.7 mm in
thickness), a gate electrode 81, a storage capacitance elec-
trode 86 an insulating film 83, an amorphous silicon channel
layer 84, a drain electrode 85, a source electrode 86, a pixel
electrode (transparent electrode) 87, and alignment layer 9 in
describing sequence.

[0155] Both of the electrode substrates are located in a
manner to allow the electrodes 8 and 87 to be opposed to
each other and are combined with each other through a
spacer (not shown) for regulating the thickness of the liquid
crystal. The peripheral portions of the substrates are bonded
by a sealing material (not shown) and then the TN type
liquid crystal 14 is injected and sealed between both of the
electrode substrates.

[0156] Then, the reflective color LCD device is produced
by locating a quarter wavelength plate 90 and a polarizer 91
and mounting a power circuit, a driving circuit, a control

circuit (not shown) and so forth outside of the glass substrate
80.

[0157] Unlike the prior art, the reflective color LCD
device according to this embodiment does not need a

[Seventh Embodiment]
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process of forming a rugged plastics film or a reflecting film
by means of the photolithography technique and has no
factor of lowering the yields of the transistor side substrate
80, thereby making the overall cost lower.

[0158] Moreover, this reflective color LCD device may
directly use a TFI-formed substrate mainly used in the
transparent type color LCD cell. Further, this LCD device is
arranged to rotate one-quarter the light reflected on the
metallic electrodes such as the gate electrode and the drain
electrode by means of the quarter wavelength plate provided
under the polarizer and absorbing the reflected light. Hence,
the reflected light from the metallic electrodes does not
lower the contrast of the display.

[0159] The description of this embodiment has concerned
with a vertical electric field type active-matrix LCD cell. It
holds true to a horizontal electric fleld type active-matrix
LCD cell. In a case of applying this embodiment to the
horizontal electric type cell, it is effective to form the flatting
film on the color filter. Preferably, the flatting film may be
formed by the transcription film as well.

[0160] [Eighth Embodiment]

[0161] In turn, the description will be oriented to an
example of a reflective color LCD device according to the
present invention with reference to FIG. 8.

[0162] As shown in FIG. 8, a reflective color LCD device
40 includes retardation plates 31 and 32 and a polarizer 33
located on a glass substrate having no reflector of a reflective
LCD cell 30 formed thereon. The reflective color LCD
device 40 is connected with a tape carrier package 34 on
which an LC driver integrated circuit is mounted and a print
circuit board 35 on which a power supply and a control
circuit are mounted. The color LCD device 40 is integrated
with those connected components by a plastics case and a
metallic frame (oot shown).

[0163] The reflective color LCD device produced as
described above may display a high-contrast and bright
image if viewed from every direction and may be supplied
at lower cost than any conventional device.

[0164] FIG. 9 shows a method of measuring a reflective
characteristic of the reflective color LCD device according
to the invention. FIG. 10 shows the representative reflective
characteristic measured by the method shown in FIG. 9.

[0165] The method of measuring the reflective character-
istic shown in FIG. 9 is arranged to detect scattering light 41
to the reflective color LCD device 40 by using a photo
multiplier.

[0166] FIG. 10 is a graph showing an example of the
reflective characteristic. The reflective characteristic is
derived from the scattering light 42 detected as tilting an
angle of incidence 0 by +60° with respect to a vertical of the
LCD device 40.

[0167] In FIG. 10, a dotted line 70 indicates the charac-
teristic of the reflective color LCD device arranged to have
a mirror reflector as the reflector and a cell composition
shown in FIG. 6 provided with the polarizer 33 and a light
scattering film under the retardation plates 31 and 32.

[0168] A broken line 60 indicates a characteristic of the
reflective color LCD device in which incorporated is a
transcription film type diffused reflector provided with a
base film served as a preliminary supporter having fine
convex and concave portions formed by the sandblast tech-
nique.
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[0169] A real line 50 indicates a characteristic of the
reflective color LCD device in which incorporated is a
diffused reflector having semispherical projections located
at random as shown in FIG. 11.

[0170] Tt is assured from FIG. 10 that the LCD device
provided with the transcription film type diffused reflector
having the semispherical projections as shown in FIG. 11 as
well as the transcription film type diffused reflector with the
base film processed by the sand blast can output about four
or more times as great brightness as the LCD device
provided with the combination of the mirror reflector with
the light scattering film at an angle ¢ of 40°.

[0171] Further, it is also assured that the image quality of
the reflective LCD device according to this embodiment is
the same as or higher than that of the conventional reflective
LCD device having the diffused reflector formed by the
photolithography technique.

[0172] According to the invention, many panels are pro-
duced from one glass substrate. Hence, the invention is
suitable to enlargement of the glass substrate that is required
to lower the cost and is quite advantageous from economical
points of view such as flat level, thinning of the black filter,
effective use of the colored film material and the like.

[0173] The present invention is, therefore, effective in a
liquid crystal display to be mounted on a hand-held PC, a
notesized PC, a mini notesized PC, a TV set, a personal
digital assistant (PDA) terminal, or the like, or a large-sized
LCD for a monitor.

[0174] Inparticular, about the large LCD that has difficulty
in keeping the image quality even, the LCD device having
no spacer according to the invention can offer more excellent
image quality.

[0175] In addition, the object of the present invention is to
provide an LCD device in which the electrodes are formed
on the built-in reflector or the built-in diffused reflector or an
LCD device in which the color filter is formed on the built-in
reflector or the built-in diffused reflector without having to
lower the voltage to be applied onto the liquid crystal layer.
It means that the invention does not have any limited display
system.

[0176] According to the present invention,

[0177] (1) A reflective LCD device, which is pro-
vided with the built-in diffused reflector of the tran-
scription film type or the die type to be easily worked
to any form and having the well-reproducible con-
cave and convex surface and has a bright display if
viewed from every direction, may be produced at
low cost.

[0178] (2) Since the reflector and the color filter are
located on the same substrate, the yields of the LCD
cell is high. Hence, the reflective LCD device having
a high contrast, a high transmittance, and an even
display characteristic can be produced at low cost.

[0179] (3) Since the thickness of the liquid crystal
can be regulated without using the spacer, the reflec-
tive or transmissive LCD device for displaying a
quite uniform image can be produced at low cost.

[0180] (4) The use of the (transparent or colored)
transcription film makes it possible to remove the
flatting layer and effectively use the space as com-
pared with the use of the liquid resist or color resist.
This is effective in lowering the producing cost.



US 2002/0054259 Al

What is claimed is:
1. A diffused reflector comprising:

a substrate;

a thin film layer formed on said substrate and having
convex and concave portions;

a reflecting layer formed on said thin film layer; and

said thin film layer being integrally formed with said

reflecting layer.

2. A diffused reflector according to claim 1, wherein an
adhesive layer is located between said thin film layer and
said reflector.

3. A diffused reflector comprising:

a substrate; and

a diffused reflector adhesively transcribed on said sub-
strate by a transcription film.
4. A diffused reflector comprising:

a substrate;

a thin film layer formed on said substrate and having
convex and concave portions;

a reflecting layer formed on said thin film layer;
a flatting layer formed on said reflecting layer;

said thin film layer being integrally formed with said
reflecting layer; and

said thin film layer being bonded with said substrate by an
adhesive layer.
5. A diffused reflector according to claim 4, wherein said
thin film layer is served as said adhesive layer.
6. A liquid crystal display device comprising:

a pair of substrates;
a liquid crystal layer laid between said pair of substrates;
an adhesive layer formed on one of said pair of substrates;

a thin film layer having convex and concave portions and
formed on said adhesive layer;

a reflecting layer formed on said thin film layer;
a flatting layer formed on said reflecting layer; and

an electrode structure located between said flatting layer
and the other one of said pair of substrates and for
generating an electric field in said liquid crystal layer.
7. A liquid crystal display device comprising:

one electrode substrate a having a glass substrate, a
plastics layer formed on said glass substrate and having
convex portions or convex and concave portions ran-
domly formed on said layer, a reflecting layer formed
on said plastics layer, an insulating and flatting layer
formed on said reflecting layer, a transparent electrode
formed on said insulating and flatting layer, and align-
ment layer formed on said transparent electrode;

the other electrode substrate b having another glass sub-
strate and a lamination of a transparent electrode and
alignment layer formed on said glass substrate;

both of said electrode substrates a and b are located in a
manner to allow said alignment layer to be opposed to
cach other; and
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a liquid crystal layer located between both of said elec-
trode substrates a and b.

8. A liquid crystal display device according to claim 7,
wherein a shading layer and a color filter are formed on said
insulating and flatting layer and a thickness of said liquid
crystal layer is regulated by plural columnar plastics por-
tions formed on said shading layer.

9. A method for manufacturing a liquid crystal display
device comprising the steps of:

forming one electrode substrate by the substeps of;

forming a thin plastics layer on the surface of a glass
substrate and heading and pressing the surface of said
plastics layer by means of a pattern having lots of fine
convex portions or convex and concave portions ran-
domly formed thereon, for forming fine convex por-
tions or convex and concave portions on the surface of
said plastics layer,

forming a reflecting film on said plastics layer and an
insulating and flatting layer on said reflecting film;

forming a shading layer and a color filter layer on said
insulating and flatting layer,

forming a flatting layer on said color filter layer,
forming a transparent electrode on said flatting layer, and

forming alignment layer of liquid crystal on said trans-
parent electrode;

forming the other electrode substrate by the substeps of
forming a transparent electrode on the surface of a glass
substrate and alignment layer of liquid crystal on said
transparent electrode;

combining both of said electrode substrates a and b in a
manner to allow said alignment layer of said substrates
to be opposed to each other; and

filling and sealing liquid crystal between both of said
electrode substrates.

10. A method for manufacturing a liquid crystal display
device according to claim 9 in which lots of fine convex
portions or convex and concave portions are formed on the
surface of said glass substrate by pressing on the surface of
said glass substrate a transcription film having a lamination
of a photosensitive resin or thermosetting resin on a polymer
base film having lots of fine convex portions or convex and
concave portions randomly formed thereon and heating the
pressed portion and then stripping said polymer base film off
said glass substrate.

11. A method for manufacturing a liquid crystal display
device according to claim 9, further comprising the steps of
forming lots of columnar plastics portions for regulating the
thickness of a liquid crystal layer on the shading layer
formed on said flatting layer.

12. A method for manufacturing a liquid crystal display
device according to claim 10, further comprising the step of
forming plural columnar plastics portions for regulating the
thickness-of said liquid crystal layer on the shading layer
formed on said flatting layer.
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