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(7) ABSTRACT

Aliquid crystal display device comprises a pair of substrates
(1, 2) each having an electrode (13, 5), a liquid crystal layer
held between the pair of substrates (1, 2) in which at least
two kinds of projections (20, 21) having different projection
heights are formed on one of the pair of substrates (1, 2)
using the same material. These projections (20, 21) are
obtained by the process comprising the steps, i.c., a resin
film formation step of forming a projection resin film on the
surface of one of the pair of substrates (1, 2) using photo-
sensitive resin, and a projection formation step of simulta-
neously forming at least two types of projections (20, 21)
having different projection heights on the substrate (2) using
a photomask having variable transmittances and conducting
exposure and development in such a manner that resulting
thickness of the projection resin film can be varied. Thus,
liquid crystal display devices comprising several kinds of
projections having different heights accurately formed on
the predetermined positions can be obtained.
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LIQUID CRYSTAL DISPLAY DEVICE WITH A
PLURALITY OF PROJECTIONS HAVING
DIFFERENT HEIGHTS AND PROCESS FOR
MANUFACTURING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to liquid crystal dis-
play devices and processes for manufacturing the same.

BACKGROUND ART

[0002] Liquid crystal display devices are used in various
fields as displays for watches, calculators, personal comput-
ers, personal word processors and the like because they can
be made thin and light and driven with a low voltage. In TN
(Twisted Nematic)-mode liquid crystal display devices the
most widely used, electrodes are formed on the upper and
lower substrates, liquid crystal having a positive dielectric
constant anisotropy is sandwiched between the two sub-
strates with a twist of 90° and switched between on and off
states by applying an electric field perpendicular to the
substrates. This TN-mode liquid crystal panel has a narrow
viewing angle, causing inversion of intensity levels.

[0003] Liquid crystal displays using VA (Vertical Align-
ment) liquid crystal have been developed, in which liquid
crystal having a negative dielectric constant anisotropy
crystal is sandwiched between the substrates and, when no
electric field is applied by a perpendicularly oriented film,
the liquid crystal molecules are vertically aligned, and, when
an electric field is applied, the liquid crystal molecules are
turned in a lateral direction. This VA-mode liquid crystal
display device can obtain a wider viewing angle compared
to the TN-mode liquid crystal display. However, even in the
VA-mode liquid crystal display, when the liquid crystal
molecules are inclined in one direction and the liquid crystal
panel is observed from that direction, inversion of intensity
levels inevitably occurs.

[0004] In order to overcome that drawback, for example,
Japanese Unexamined Patent Publication No. 1999-242225
and Japanese Unexamined Patent Publication No. 2000-
305086, etc., disclose a method in which regularly arranged
projections are formed in a display region and the orienta-
tion of the liquid crystal is controlled by these projections.

[0005] Japanese Unexamined Patent Publication No.
2000-206541 discloses a method in which formation of
projections is achieved on one of the substrates for main-
taining a constant gap (cell thickness) between the upper and
lower substrates holding liquid crystal in between and
formation of a flattening film is performed on the same
substrate. However, Japanese Unexamined Patent Publica-
tion No. 2000-206541 discloses neither use of at least two
types of projections having different heights nor a method
for manufacturing the same. According to the arrangement
disclosed in the above publication, the projections are
formed between the pixel electrode and the opposing elec-
trode and the flattening film is formed beneath the pixel
electrode.

[0006] Aiming at achieving a wider viewing angle than
that of the TN-mode liquid crystal display device, the OCB
(Optically self-Compensated Birefringence)-mode liquid
crystal display device has been developed. In the OCB-
mode liquid crystal display device, liquid crystal molecules
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are oriented in the same direction along the upper and lower
substrates (splay condition). Then, the array of the liquid
crystal molecules is bent (bend condition) around the center
of the panel by applying a DC voltage. Thereafter, the liquid
crystal molecules are driven. In this method, a projected
portion is formed to readily invert from the splay condition
to the bend condition (Japanese Unexamined Patent Publi-
cation No. 1998-20284).

[0007] In the ASM (Axially Symmetric aligned Micro-
cell)-mode liquid crystal display device having liquid crystal
molecules axisymmetrically oriented in the liquid crystal
regions which are divided by a polymer wall, an arrange-
ment is known in which pole-shaped projections are formed
on a part of the polymer wall (Japanese Unexamined Patent
Publication No. 2000-081623).

[0008] Inatransmission type liquid crystal display device,
light emitted from a backlight enters into the liquid crystal
panel from the back. On the other hand, in a reflection type
liquid crystal display device, image formation is achieved by
reflecting external light with a reflecting film without using
a backlight. In the reflection type liquid crystal display
devices, an arrangement is known in which the pixel elec-
trode serving as the reflecting film is obtained by forming a
photosensitive film on the surface of the substrate, obtaining
a large number of asperities on the surface of the film by
photolithography, and depositing aluminum or like metals
on the film. (Japanese Unexamined Patent Publication No.
1993-232465).

[0009] As described above, formation of projections on
substrates has been applied to various kinds of liquid crystal
display devices. Several kinds of projections having differ-
ent heights can be formed for serving different purposes such
as to control the orientation of the liquid crystal or maintain
a constant cell thickness, etc. at several kinds of liquid
crystal displays.

[0010] However, in the heretofore known methods, sev-
eral kinds of projections having different heights have been
formed out of different materials in separate production
processes. Therefore, in these methods, the production effi-
ciency is low and the precise adjustment of the positional
relationship between the different kinds of projections is
difficult. For example, in order to keep the cell thickness
constant, if spherical resin spacers are dispersed on one of
the substrates and then the two substrates are attached to
each other, the spacers (spherical resin) maintaining the
constant cell gap and the spacers (projection) controlling the
orientation are produced in different processes using differ-
ent materials. Japanese Unexamined Patent Publication No.
2000-305086 discloses a structure in which, by forming
some projections on a light-blocking film, division of ori-
entation and maintenance of the cell thickness can be
performed based on the variation of the projection heights.
However, in this arrangement, the light-blocking film is a
part of the high projections. Therefore, this method does not
achieve the production of several kinds of projections hav-
ing different heights in a single process nor projections
which are entirely made of the same material.

DISCLOSURE OF THE INVENTION

[0011] The present invention aims at solving the problems
described above. An object of the invention is to provide a
liquid crystal display device in which a plurality of projec-



US 2005/0099581 Al

tions having different heights are precisely arranged in the
predetermined positions. Another object of the invention is
to provide a method for manufacturing such liquid crystal
display devices in an efficient manner.

[0012] In order to achieve the objects, the invention pro-
vides a liquid crystal display device comprises a pair of
substrates each provided with an electrode and a liquid
crystal layer held between the pair of substrates, character-
ized in that, on one of the pair of substrates, at least two
types of projections having different heights are formed
using the same material.

[0013] The projections can be formed between the elec-
trodes disposed on each of the pair of substrates. It is
possible to make the projections keep a cell thickness
constant and control orientation of the liquid crystal.

[0014] Tt is preferable that the liquid crystal display device
of the invention be constructed in a manner such that
described in any one of items (1) to (4) below:

[0015] (1) The projections comprise a first projection and
a second projection which is shorter than the first projection,
wherein the first projection keeps the space between the pair
of substrates constant and the second projection controls the
orientation of the liquid crystal layer. In this case, it is
preferable that the first projection have a distribution density
of 25/mm? or less and the second projection have a distri-
bution density of 1/dot or greater.

[0016] (2) The projections comprise a first projection and
a second projection which is shorter than the first projection,
wherein the first projection keeps the space between the pair
of substrates constant and the second projection forms
asperities on the electrode to diffuse the reflected light. In
this case, it is preferable that the first projection have a
distribution density of 25/mm? or less and the second pro-
jection have a distribution density of 400/mm? or greater.

[0017] (3) The projections comprise a first projection and
a second projection which is shorter than the first projection,
wherein the first projection controls the orientation of the
liquid crystal layer and the second projection forms asperi-
ties on the electrode to diffuse the reflected light. In this case,
it is preferable that the first projection have a distribution
density of 1/dot or greater and the second projection have a
distribution density of 400/mm?> or greater.

[0018] (4) The projections comprise a first projection, a
second projection which is shorter than the first projection,
and a third projection which is shorter than the second
projection, wherein the first projection keeps the space
between the pair of substrates constant, the second projec-
tion controls the orientation of the liquid crystal layer and
the third projection forms asperities on the electrode to
diffuse the reflected light. In this case, it is preferable that the
first projection have a distribution density of 25/mm? or less,
the second projection have a distribution density of 1/dot or
greater and the third projection have a distribution density of
400/mm? or greater.

[0019] The projections can be made of photosensitive
resin or a metal material. By making at least one of the
projections to have a trapezoidal profile, for example, the
space between the substrates can readily be made constant
and control of the orientation of the liquid crystal layer
becomes easier.
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[0020] Tt is preferable that the liquid crystal display device
be in the OCB (Optically self-Compensated Birefringence)
mode or VA (Vertical Alignment) mode. The VA-mode
liquid crystal display includes the MVA (Multi-domain
Vertical Alignment) mode and the CPA (Continuous Pin-
wheel Alignment) mode. Furthermore, the ASM (Axially
Symmetric aligned Micro-cell) mode liquid crystal display
is included in the category of VA-mode, if its initial orien-
tation is vertically oriented.

[0021] The object of the invention is achieved by a method
for manufacturing a liquid crystal display device having a
liquid crystal layer held between a pair of substrates, in
which the method comprises a resin film formation step of
forming a projection resin film made of photosensitive resin
on one of the pair of substrates, a projection formation step
of simultaneously forming at least two types of projections
having different heights on the selected substrate using a
photomask having variable transmittances and conducting
exposure and development in such a manner that the result-
ing thickness of the projection resin film can be varied and
a liquid crystal inserting step of filling the space between the
pair of substrates with liquid crystal (first manufacturing
method).

[0022] The object of the invention is also achieved by a
method for manufacturing a liquid crystal display device
having a liquid crystal layer held between a pair of sub-
strates, in which the method comprises a resin film forma-
tion step of forming a projection resin film made of photo-
sensitive resin on one of the pair of substrates, a projection
formation step of simultaneously forming at least two types
of projections having different heights on the substrate using
a photomask having variable transmittances and conducting
exposure and development in such a manner that the result-
ing thickness of the projection resin film can be varied and
a liquid crystal inserting step of applying liquid crystal to the
surface of one of the pair substrates and attaching the
selected substrate to the other substrate (second manufac-
turing method).

[0023] The object of the invention is also achieved by a
method for manufacturing a liquid crystal display device
having a liquid crystal layer held between a pair of sub-
strates, in which the method comprises a projection forma-
tion step of simultaneously forming at least two types of
projections having different heights on one of the pair of
substrates by repeatedly depositing photosensitive resin,
exposing and developing in a manner such that the projec-
tion color layers have different distribution patterns in their
layer conditions and a liquid crystal inserting step of filling
the space between the pair of substrates with liquid crystal,
after attaching the substrates to each other with projection
side of the selected substrate facing the other substrate (third
manufacturing method).

[0024] The object of the invention is also achieved by a
method for manufacturing a liquid crystal display device
having a liquid crystal layer held between a pair of sub-
strates. The method comprises a projection formation step of
simultaneously forming at least two types of projections
having different heights on one of the pair of substrates by
repeatedly depositing photosensitive resin, exposing and
developing in a manner such that the projection color layers
have different distribution patterns in their layer conditions
and a liquid crystal inserting step of applying liquid crystal
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to the surface of one of the pair of the substrates and
attaching the selected substrate to the other substrate (fourth
manufacturing method).

[0025] In the first to fourth manufacturing methods, it is
preferable that a step of forming an electrode on one of the
pair of substrates be carried out before a projection forma-
tion step.

[0026] In the first and second manufacturing methods, a
projection resin film can be obtained on the surface of an
electrode by further comprising a step of forming a display
color layer by depositing photosensitive resin on one of the
pair of substrates, followed by exposure and development,
and a step of forming the electrode made of a transparent
conductive film on the surface of the display color layer.

[0027] In the third and fourth manufacturing methods, a
projection color layer can be formed on the surface of the
electrode by further comprising a step of forming a display
color layer by depositing photosensitive resin on one of the
pair of substrates followed by exposure and development
and a step of forming an electrode made of a transparent
conductive film on the surface of the display color layer. In
this case, it is preferable that the display color layer and the
projection color layer be made of the same material for
enhancing the production efficiency and reducing material
costs.

[0028] In the first and second manufacturing methods, it is
also possible to form the resin film by arranging the source
wirings and the gate wirings on one of the pair of substrates
in a manner such that they intersect at approximately right
angles and, after forming switching elements nearby each
intersection of the source wirings and the gate wirings,
forming the projection resin film on the substrate. In this
case, it is preferable that, after the projection formation step,
electrodes be selectively formed on the projection side
surface in a manner such that at least the highest projection
protrude from the electrodes.

[0029] In the third and fourth manufacturing methods, it is
also possible to form the projections by arranging the source
wirings and the gate wirings on one of the pair of substrates
in a manner such that they intersect at approximately right
angles and, after forming switching elements nearby each
intersection of the source wirings and the gate wirings,
forming the projection resin film on the substrate. In this
case, it is preferable that, after the projection formation step,
electrodes be selectively formed on the projection side
surface in a manner such that at least the highest projection
protrude from the electrodes.

[0030] In the first to fourth manufacturing methods, by
covering at least the shortest projection with the electrode,
asperities are formed on the electrode to diffuse the reflected
light.

BRIEF DESCRIPTION OF DRAWINGS
[0031] FIG. 1 is a plan view showing the opposing
substrate composing the liquid crystal display device of a
first embodiment of the present invention.
[0032] FIG.2is asectional view of FIG. 1 taken along the
line A-A.
[0033] FIGS. 3(a) to 3(c) are cross-sectional views illus-
trating the production process of the opposing substrate

composing the liquid crystal display device of the first
embodiment.
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[0034] FIG. 4 is a plan view showing the main part of the
array substrate composing the liquid crystal display device
of the first embodiment.

[0035] FIGS. 5(a) to 5(c) are cross-sectional views illus-
trating the production process of the liquid crystal display
device of the first embodiment.

[0036] FIG. 6 is a cross-sectional view of the empty panel
of FIG. 4 taken along the line B-B.

[0037] FIGS. 7(a) to 7(c) are cross-sectional views illus-
trating the operation of the liquid crystal molecules in the
liquid crystal display device of the first embodiment.

[0038] FIGS. 8(a) and 8(b) are cross-sectional views
showing the main part of the liquid crystal panel mounted on
the liquid crystal display device of a second embodiment.

[0039] FIG. 9 is a cross-sectional view showing the main
part of the liquid crystal panel mounted on the liquid crystal
display device of a third embodiment.

[0040] FIG. 10is a plan view showing the main part of the
liquid crystal panel mounted on the liquid crystal display
device of a fourth embodiment.

[0041] FIG. 11 is a cross-sectional view of FIG. 10 taken
along the line C-C.

[0042] FIG. 12 is a plan view showing the main part of the
liquid crystal panel mounted on the liquid crystal display
device of a fifth embodiment.

[0043] FIG. 13 is a cross-sectional view of FIG. 12 taken
along the line D-D.

[0044] FIG. 14 a plan view showing the main part of the
liquid crystal panel mounted on the liquid crystal display
device of a sixth embodiment.

[0045] FIG. 15 is a cross-sectional view of FIG. 14 taken
along the line E-E.

[0046] FIGS. 16(a) to 16(c) are cross-sectional views
illustrating the production process of the liquid crystal
display device of a seventh embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0047] Embodiments of the present invention will be
described below in more detail with reference to the draw-
ings.

First Embodiment

[0048] FIG. 1 is a plan view showing the opposing
substrate composing the liquid crystal display device of the
first embodiment. FIG. 2 is a sectional view of FIG. 1 taken
along the line A-A. The present embodiment is an example
applying the OCB method to liquid crystal display devices.
As shown in FIGS. 1 and 2, the opposing substrate 2
comprises a light-blocking film 7 for blocking light, a
display color layer 3 for displaying color images, an over-
coat layer 4 made of acrylic resin or the like for protecting
the display color layer 3, an opposing electrode § for driving
the liquid crystal and a horizontal orientation film 6 for
horizontally orientating the liquid crystal. The opposing
substrate 2 further comprises a first projection 20 and a
second projection 21. The first and second projections 20, 21
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have different heights. The first projection 20, which is
higher than the second projection 21, functions to maintain
a constant gap (cell thickness) between the opposing sub-
strate and the array substrate described later. The second
projection 21, which is shorter than the first projection 20,
functions to control the orientation of the liquid crystal. This
opposing substrate 2 can be manufactured by the process
described below.

[0049] First, on the glass substrate forming the opposing
substrate 2, film formation is achieved by sputtering chro-
mium (Cr) or the like. Thereafter, the film is patterned into
a predetermined shape to obtain the light-blocking film 7 by
photolithography. The light-blocking film 7 can be formed
by applying a resin material by spin coating or printing.

[0050] Next, after applying photosensitive resin having
pigments dispersed therein to the substrate, exposure and
development are repeated for three colors (RGB), obtaining
the display color layer 3 having a dot structure.

[0051] Then, the overcoat layer 4 is formed out of acrylic
resin or the like to prevent contamination of the liquid
crystal layer by chromium or the like. Thereafter, an oppos-
ing electrode 5 made of ITO (Indium Tin Oxide) or like
transparent conductive films is formed.

[0052] On the surface of the opposing electrode 5, the first
projection 20 and the second projection 21 are formed. In the
present embodiment, in order to obtain two kinds of pro-
jections having different heights in a single process, gray-
tone exposure is performed. The method of obtaining a
projection by gray-tone exposure is explained below with
reference to FIGS. 3(a) to 3(¢).

[0053] Asshown in FIG. 3(a), photosensitive acrylic resin
(for example, product number: “PC335” manufactured by
JSR Corporation) is painted on the opposing electrode 5 by
spin coating or the like to obtain a projection resin film 24,
followed by prebaking for one minute at 80° C.

[0054] Thereafter, as shown in FIG. 3(b), exposure is
conducted using a photomask 25. The photomask 25 has
three regions a, b, a having different transmittances. Among
the three regions, region a completely blocks the emitted
light, region b partly transmits the emitted light and region
a fully transmits the emitted light.

[0055] Development is performed using a developing
solution at 25° C. for one minute, after washing the film with
running water, postbaking is conducted at 220° C. for one
hour. Thereby, the portion of the projection resin film 24
exposed to light is dissolved and removed. As shown in FIG.
3(c), on the area corresponding to region a, the first projec-
tion 20 having a greater height is formed, on the area
corresponding to region b, the second projection 21 having
a lower height is formed and on the area corresponding to
region ¢, no projection is formed. In the present embodi-
ment, the projection resin film 24 is made of positive
photosensitive resin; however, it is also possible to obtain
two types of projections having different heights using
negative photosensitive resin on which the portion exposed
to light remains after development. By subdividing the
photomask 25 into a greater number of regions having
different transmittances, it is possible to further increase the
kinds of projection having different heights.

[0056] The cross sections of the first projection 20 and the
second projection 21 can be circular or rectangular in
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accordance with the shapes of the regions a, b and C of the
photomask 25. It is also possible to form them having a
trapezoidal profile, as shown in FIGS. 2 and 3(¢), in which
the projection is tapered having its bottom at the opposing
electrode 5. The method forming a slope on the first pro-
jection 20 or the second projection 21 includes, for example,
on the photomask 25, the area corresponding to the slope is
divided into a large number of regions having different
transmittances stepwise or the transmittance of the area
corresponding to the slope is continuously varied by forming
a part of the surface of the photomask 25 out of a curved
surface like a convex lens or a concave lens on the photo-
mask 25. By forming the first projection 20 so as to have a
trapezoidal profile, it is possible to stabilize the form of the
projection and obtain an even cell thickness.

[0057] In the present embodiment, it is assumed that the
projection height of the first projection 20 is 5 um and the
projection height of the second projection 21 is 2 um.
Furthermore, in the present embodiment, it is assumed that,
as shown in FIG. 1, both the first projection 20 and the
second projection 21 are formed on the light-blocking film
7, the interval between two adjacent first projections 20 is
about 300 um (a three dot interval) and the interval between
two adjacent second projections 21 is 100 um (a one dot
interval). The first projection 20 functions to maintain a
constant space between the two facing substrates (i.e., the
opposing substrate and the array substrate), and therefore if
the interval of the two adjacent first projections 20 is too
narrow, the two substrates will be fixed firmly. Conse-
quently, when the liquid crystal layer sealed between the
substrates shrinks or expands due to temperature change, the
space between the substrate cannot match this volume
change and bubbles tend to be generated in the liquid crystal
layer. Therefore, it is preferable that the interval between any
two adjacent first projections 20 be 200 um or greater (or the
distribution density be 25/mm? or less). On the other hand,
the second projection 21 functions to control the orientation
of the liquid crystal and desirably should be disposed in
every dot. A plurality of second projections 21 can be
arranges in a dot. In other words, it is preferable that the
distribution density of the second projection 21 be 1/dot or
greater. The first projections 20 are also formed on the
periphery portion which is sealed with the array substrate
described later.

[0058] An array substrate facing the opposing substrate 2
will be explained below. FIG. 4 is a plan view showing the
main part of a dot of the array substrate.

[0059] As shown in FIG. 4, on the array substrate 1
formed out of a glass substrate, source wirings 10 supplying
image signals and gate wirings 11 supplying scanning sig-
nals are arranged so as to intersect at approximately right
angles. The regions 22 and 23 on the gate wiring 11
respectively correspond to the positions of the first projec-
tion 20 and the second projection 21, when the array
substrate 1 is attached to the opposing substrate 2.

[0060] Nearby each intersection of the source wiring 10
and the gate wiring 11, a thin-film transistor (TFT) 12 having
a semiconductor layer is formed as a switching element. To
each dot, a pixel electrode 13 formed of a transparent
conductive film made of ITO (Indium Tin Oxide) or the like
is arranged and the pixel electrode 13 is connected to the
source wiring 10 having the TFT 12 in between. Above the
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gate wiring 11, a storage capacitor region 17 is formed
having an insulating layer in between and connected to the
pixel electrode 13. The structure of the array substrate 1 is
generally known, and therefore a detailed explanation of its
production process is omitted.

[0061] With reference to FIG. 5, the method to manufac-
ture a liquid crystal panel composed of the array substrate 1
and the opposing substrate 2 will be explained below. After
washing the array substrate 1 and the opposing substrate 2,
horizontal orientation films are printed on their surfaces. The
substrates are heated to 200° C. for one hour to cure them,
followed by the rubbing process conducted in the same
direction as each horizontal orientation film (FIG. 5(a)).

[0062] Sealing resin 8, an epoxy or like resin, is applied to
either the array substrate 1 or the opposing substrate 2 along
the sealing area. In order to make the array substrate 1 and
the opposing substrate 2 conductive, conductive paste 16 is
applied thereto. Thereafter, the array substrate 1 and the
opposing substrate 2 are attached to each other and heated to
150° C. for two hours to cure the sealing resin 8, obtaining
an empty panel (FIG. 5(b)). FIG. 6 is a cross-sectional view
of the empty panel of FIG. 4 taken along the line B-B.

[0063] The empty panel is placed in a container having a
reduced pressure, and nematic liquid crystal is injected into
the gap between the array substrate 1 and the opposing
substrate 2 by the vacuum injection method (ie., after
evacuating the inside of the panel, an injecting hole 19 is
dipped in liquid crystal. Then, by returning the container
pressure to atmospheric pressure, liquid crystal is injected
into the panel) (FIG. 5(c)).

[0064] Hole-filling resin 15 made of photo-curable resin is
applied to the entire surface of the injecting hole 19, and the
hole-filling resin is cured by being exposed to light (FIG.

5(d).

[0065] Then, to the outer surfaces of the array substrate 1
and the opposing substrate 2 (opposite side of the facing
surfaces), a polarizing plate is attached, obtaining a liquid
crystal panel composing a liquid crystal display device.

[0066] Operation of the liquid crystal molecules of the
liquid crystal display device will be explained below with
reference to FIGS. 7(a) to 7(c). The liquid crystal molecules
sealed between the array substrate 1 and the opposing
substrate 2 undergo rubbing in the same direction on each
substrate. Therefore, before applying a voltage, the orienta-
tion directions of the liquid crystal molecules 9 become
substantially parallel to the array substrate 1 and the oppos-
ing substrate 2, resulted in a splayed orientation having
pretilt angles near the array substrate 1 and the opposing
substrate 2 of 100 or smaller (FIG. 7 (a)).

[0067] When an electric field is generated between the
array substrate 1 and the opposing substrate 2 by applying a
DC voltage to the liquid crystal display device, the array of
the liquid crystal molecules 9 as a whole will have a bend
orientation direction (FIG. 7(b)). On the opposing substrate
2, the second projection 21 is formed. Therefore, it is readily
transferable from the splay orientation to the bend orienta-
tion with a starting point around the second projection 21,
obtaining an excellent orientation state. If the TFT 12 is
turned on when the liquid crystal molecules 9 are in a
bend-orientation condition, the liquid crystal molecules 9
become as shown in FIG. 7(c).
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[0068] As described above, in the liquid crystal display
device according to the present embodiment, by using the
photomask 25 comprising the regions a, b and ¢ each having
prescribed transmittances, it is possible to form the first
projection 20 and the second projection 21 having different
projection heights on the opposing substrate 2 in a single
production process. Thus, the manufacturing process can be
simplified.

[0069] This arrangement requires alignment of the photo-
mask 25 only once. Therefore, the first projection 20 and the
second projection 21 can be accurately formed on the
prescribed positions outside the display region, allowing the
first projection 20 and the second projection 21 to be reliably
formed outside the display region. Compared to the arrange-
ment in which a spacer 120 made of glass fiber or the like
is dispersed to maintain a constant cell thickness, the
arrangement of the present embodiment enables enhance-
ment of the transmittance of the display region and attain-
ment of brighter display images.

[0070] In the present embodiment, the first projection 20
and the second projection 21 can be made of the same
material, reducing the material costs. Furthermore, this
obtains a uniform optical property in the display plane since
the interactions observed between the liquid crystal mol-
ecules and the first projection 20 and between the liquid
crystal molecules and the second projection 21 become
approximately the same.

Second Embodiment

[0071] FIGS. 8(a) and 8(b) are cross-sectional views
showing the main part of the liquid crystal panel mounted on
the liquid crystal display device of the second embodiment.
In FIGS. 8(a) and 8(b), those elements which are identical
to the elements of the liquid crystal display of the first
embodiment described above are identified with the same
reference symbols, and repetitious explanation will be omit-
ted.

[0072] The liquid crystal display device of the first
embodiment comprises an OCB-mode liquid crystal panel;
however, the liquid crystal display device of the present
embodiment comprises a VA-mode liquid crystal panel. In
other words, in the present embodiment, the liquid crystal
panel is provided with vertical orientation films 106 instead
of the horizontal orientation films 6 which are disposed on
the array substrate 1 and opposing substrate 2 in the first
embodiment.

[0073] The vertical orientation film 106 can be obtained,
for example, by printing an isopropyl alcohol solution
containing 0.3 wt. % of n-octadecyl triethoxysilane on the
array substrate 1 and the opposing substrate 2, followed by
heat drying at 100° C. for one hour. In this embodiment,
nematic liquid crystal having a negative dielectric constant
anisotropy is used.

[0074] Instead of forming the second projection 21 having
a trapezoidal profile, in the present embodiment, the second
projection 21 is formed so as to have a triangle-shaped end
portion. In other respects, the construction thereof is the
same as that of the first embodiment. The triangle-shaped
end portion of the second projection 21 can be formed by the
same process obtaining the slope described in the first
embodiment.
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[0075] When the thus obtained liquid crystal panel is in an
off-status, the liquid crystal molecules 9 will become ori-
ented almost perpendicular to the array substrate 1 and the
opposing substrate 2; however, as shown in FIG. 8(a), the
liquid crystal molecules 9 will slightly tilt, affected by the
second projection 21. The liquid crystal molecules 9 have
different pretilt directions on each side sandwiching the
second projection 21, and therefore the orientation direc-
tions can be divided without rubbing the orientation film
106.

[0076] When the liquid crystal panel is turned on by
applying a voltage, as shown in FIG. 8(b), the liquid crystal
molecules will be inclined along the slope of the second
projection 21. As a result, the liquid crystal molecules 9 are
inclined in two directions, obtaining a wide viewing angle.

[0077] In the present embodiment, the first projection 20
for maintaining a constant cell gap and the second projection
21 for controlling the orientation can be made of the same
material by the same production process. Therefore, effects
similar to those of the first embodiment can be obtained.

[0078] Other than the structure described in the present
embodiment, the VA-mode liquid crystal display includes
the MVA (Multi-domain Vertical Alignment)-mode liquid
crystal display and the CPA (Continuous Pinwheel Align-
ment)-mode liquid crystal display, which have a further
increased number of orientation divisions, and liquid crystal
display devices using these schemes can be manufactured by
a procedure similar to that of the present embodiment.

Third Embodiment

[0079] FIG. 9 is a cross-sectional view showing the main
part of the liquid crystal panel mounted on the liquid crystal
display device of the third embodiment. In FIG. 9, those
elements which are identical to the elements of the liquid
crystal display of the first embodiment described above are
identified with the same reference symbols, and repetitious
explanation will be omitted.

[0080] In the liquid crystal display device of the first
embodiment, the first projection 20 and the second projec-
tion 21 are formed by performing gray-tone exposure;
however, in the liquid crystal display device of the present
embodiment, the first projection 20 and the second projec-
tion 21 are formed by depositing the projection color layers.

[0081] Inother words, after forming an opposing electrode
5 by following the same procedure as the first embodiment,
the projection color layers are overlaid in a similar manner
to form the display color layers 3 which display color
images, i.e., repeating deposition, exposure and develop-
ment for three colors (RGB). For example, on the portion
where the first projection 20 is formed, the three (RGB)
projection color layers 20a, 20b, 20¢ are placed in this order.
However, on the portion where the second projection 21 is
formed, only two colors (RG) of projection color layers 21a,
21b are deposited in this order. On the area other than these
portions, formation of projection color layers is not
achieved. Thereby, two kinds of projections made of the
same material and having different heights are obtained in a
single process. Thereafter, by following the same process as
in the first embodiment, the liquid crystal display device can
be manufactured. The first projection 20 and the second
projection 21 are formed on the gate wiring 11 disposed
outside of the display region.
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[0082] The liquid crystal display device according to the
present embodiment achieves effects similar to those
obtained in the first embodiment. In addition, further reduc-
tion of material costs can be achieved since the first projec-
tion 20 and the second projection 21 can be made of the
same material used in the display color layers 3 displaying
color images.

Fourth Embodiment

[0083] FIG. 10is a plan view showing the main part of the
liquid crystal panel mounted on the liquid crystal display
device of the fourth embodiment. FIG. 11 is a cross-
sectional view of FIG. 10 taken along the line C-C.

[0084] In FIGS. 10 and 11, those elements which are
identical to the elements of the liquid crystal display of the
first embodiment described above are identified with the
same reference symbols, and repetitious explanation will be
omitted.

[0085] The liquid crystal panel of the liquid crystal display
device according to the present embodiment comprises,
similar to the first embodiment, a first projection 20 having
a greater projection height and a second projection 21
having a lower projection height both formed on the array
substrate 1. The first projection 20 serves to maintain a
constant cell thickness and the second projection 21 serves
to diffuse the reflected light. In other respects, except that the
pixel electrode 13 is made of aluminum or like metals to
reflect the incident light, the construction thereof is the same
as that of the first embodiment.

[0086] The manufacturing process of this liquid crystal
panel will be explained below. An opposing substrate 2 is
formed by the same process as in the first embodiment;
however, the orientation film is obtained without forming
the first projection 20 and the second projection 21 on the
surface of the opposing electrode 5.

[0087] An array substrate 1 is formed by the same process
as in the first embodiment, i.e., on the array substrate 1
formed out of a glass substrate or the like, the source wirings
10 and the gate wirings 11 are arranged to intersect at
approximately right angels, and nearby each intersection
between the source wiring 10 and the gate wiring 11, the
TFT 12 having a semiconductor layer is formed as a
switching element. Thereafter, on the surface of the insulat-
ing film 14 formed out of a SiO, film, a SiNx film or the like
for protecting the TFT 12, the first projection 20 and the
second projection 21 are formed.

[0088] Formation of the first projection 20 and the second
projection 21 is achieved by forming a projection resin film
24 on the insulating film 14 and, as in the first embodiment,
performing gray-tone exposure (see, FIGS. 3(a) to 3(c)). The
height and the position of the first projection 20 are assumed
to be the same as those in the first embodiment.

[0089] On the other hand, the second projections 21,
which function to make the reflected light sufficiently dif-
fusive, have a height of 0.5 um and a great many of them are
formed in the dot. Specifically, it is preferable that the
second projections 21 be formed with intervals of 50 ym or
less or having a distribution density of 400/mm? or greater.

[0090] In the present embodiment, the first projection 20
and the second projection 21 are obtained by forming the
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projection resin film 24 on the insulating film 14; however,
it is also possible to obtain the first projection 20 and the
second projection 21 on the upper surface of the insulating
film 14 by performing the gray-tone exposure without
forming the projection resin film 24.

[0091] After forming the first projection 20 and the second
projection 21, on the surface thereof, a pixel electrode 13
made of aluminum is selectively formed and electrically
connected to a drain electrode through a contact hole 26
formed on the insulating film 14. Thereby, the first projec-
tion 20 protrudes from the pixel electrode 13, and the second
projection 21 becomes covered with the pixel electrode 13.
By being formed above the second projection 21, the pixel
electrode 13 obtains asperities on the surface, achieving an
excellent reflecting property. The material of the pixel
electrode 13 is not limited as long as it functions as a
reflector. Then, the fabrication of the liquid crystal display
device is completed by following the same process as in the
first embodiment.

[0092] Similar to the first embodiment, in the liquid crys-
tal display device according to the present embodiment,
since the first projection 20 and the second projection 21 can
be formed on the opposing substrate 2 in a single process,
the manufacturing process can be simplified.

[0093] Furthermore, the first projection 20 and the second
projection 21 can be formed precisely on the predetermined
area. This makes it possible to dispose the first projection 20
outside the display region and a great many of the second
projections 21 in each dot at a predetermined distribution.
This allows a reflection type liquid crystal display device
displaying high quality pictures to be obtained.

[0094] Since the first projection 20 and the second pro-
jection 21 can be made of the same material, reduction of the
material costs is also achievable.

Fifth Embodiment

[0095] FIG. 12 is a plan view showing the main part of the
liquid crystal panel mounted on the liquid crystal display
device of the fifth embodiment. FIG. 13 is a cross-sectional
view of FIG. 12 taken along the line D-D. In FIGS. 12 and
13, those elements which are identical to the elements of the
liquid crystal display of the first embodiment described
above are identified with the same reference symbols, and
repetitious explanation will be omitted.

[0096] The liquid crystal panel of the liquid crystal display
device according to the present embodiment comprises, as
same as that of the fourth embodiment, a first projection 20
having a greater projection height and a second projection
21 having a lower projection height both formed on the array
substrate 1. Different from the fourth embodiment, in the
present embodiment, the first projection 20 serves to control
the orientation of the liquid crystal layer and the second
projection 21 serves to diffuse the reflected light. The cell
thickness between the array substrate 1 and opposing sub-
strate 2 is kept constant by a spacer (not shown) made of
glass fiber or the like having an even particle size. In other
respect, the construction thereof is the same as that of the
fourth embodiment.

[0097] Also in the present embodiment, formation of the
first projection 20 and the second projection 21 can be
achieved by performing gray-tone exposure (see, FIGS. 3(a)
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to 3(c)), and liquid crystal display devices can be manufac-
tured by following the processes similar to those of the
fourth embodiment.

[0098] As in the first embodiment, in the present embodi-
ment, the first projection 20 and the second projection 21 can
be formed on the opposing substrate 2 in a single process,
simplifying the manufacturing process.

[0099] Furthermore, the first projections 20 and the second
projections 21 can be formed precisely on the predetermined
area. This makes it possible to dispose the first projection 20
outside the display region and a great many of the second
projections 21 in each dot at a predetermined distribution.
Thus, a reflection type liquid crystal display device display-
ing high quality pictures can be obtained.

[0100] The first projection 20 and the second projection 21
can be formed on the opposing substrate 2 using the same
material, reducing the material costs.

Sixth Embodiment

[0101] FIG. 14 a plan view showing the main part of the
liquid crystal panel mounted on the liquid crystal display
device of the sixth embodiment. FIG. 15 is a cross-sectional
view of FIG. 14 taken along the line E-E.

[0102] In FIGS. 14 and 15, those elements which are
identical to the elements of the liquid crystal display of the
first embodiment described above are identified with the
same reference symbols, and repetitious explanation will be
omitted.

[0103] The liquid crystal panel of the liquid crystal display
device according to the present embodiment comprises, in
addition to the first projection 20 and the second projection
21, a third projection 121 formed on an array substrate 1.
The first projection 20 having the greatest projection height
functions to maintain a constant cell thickness, the second
projection 21 having the second greatest projection height
functions to control the orientation of the liquid crystal layer
and the third projection 121 having the lowest projection
height functions to diffuse the reflected light. In other
respects, the construction thereof is the same as that of the
fourth embodiment.

[0104] Also in the present embodiment, formation of the
first projection 20, the second projection 21 and the third
projection 121 can be achieved by performing gray-tone
exposure (see, FIGS. 3(a) to 3(¢)). In the present embodi-
ment, three kinds of projections are formed using a photo-
mask 25 comprising the regions having the different trans-
mittances each corresponding to the projection heights.
Thereby, the first projection 20, the second projection 21 and
the third projection 121 having different heights can be made
of the same material in a single process. Thereafter, by
following the same procedure as in the fourth embodiment,
liquid crystal display devices can be manufactured.

[0105] In the present embodiment, in addition to the first
projection 20 and the second projection 21, the third pro-
jection 121 can be formed on the opposing substrate 2 in a
single process, simplifying the manufacturing process.

[0106] The first projection 20, the second projection 21
and the third projection 121 can be formed precisely on the
predetermined area. Therefore, it is possible to dispose the
first projection 20 and the second projection 21 outside the
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display region and a great many of the third projections 121
in each dot at a predetermined distribution. This makes it
possible to obtain a reflection type liquid crystal display
device displaying high quality pictures.

[0107] Furthermore, since the first projection 20, the sec-
ond projection 21 and the third projection 121 can be made
of the same material, material costs can be reduced.

Seventh Embodiment

[0108] In the first embodiment, a liquid crystal layer is
formed between the array substrate 1 and the opposing
substrate 2, by forming an empty panel out of the array
substrate 1 and the opposing substrate 2, and injecting liquid
crystal thereinto by the vacuum injection method. However,
the liquid crystal layer can be formed using different meth-
ods. One of such examples is explained below with refer-
ence to FIGS. 16(a) and 16(b).

[0109] The array substrate 1 and the opposing substrate 2
are formed by following the same process as in the first
embodiment (FIG. 16(a)). Then, sealing resin 8 made of
photo-curable resin is applied to either the array substrate 1
or the opposing substrate 2 along the sealing area. In order
to make the array substrate 1 and the opposing substrate 2
conductive, conductive paste 16 is applied thereto, and then
the prescribed amount of the liquid crystal is added thereto
dropwise (see, FIG. 16(D)).

[0110] Thereafter, in a vacuum atmosphere having a low
degree of vacuum, the array substrate 1 and the opposing
substrate 2 are attached to each other and the sealing resin
8 is cured by irradiating it with ultraviolet rays, followed by
heating to 100° C. for one hour. Then, the liquid crystal,
which was added dropwise, is applied to all the corners of
the panel (FIG. 16(c)).

[0111] Thereafter, on the outer surfaces of the array sub-
strate 1 and the opposing substrate 2 (the other side of the
facing surfaces), a polarizing plate is attached, thus obtain-
ing a liquid crystal panel composing a liquid crystal display
device.

[0112] According to the liquid crystal display device of the
present embodiment, because a liquid crystal layer can be
formed under a vacuum atmosphere having a low degree of
vacuum, the array substrate 1 and the opposing substrate 2
can readily be formed in a short time even if they are large
in size. Moreover, since most of the liquid crystal added
dropwise can be used without making waste, reduction of
the material costs can be achieved. Furthermore, since the
process for injecting the liquid crystal is unnecessary, the
manufacturing process can be simplified.

[0113] In the present embodiment, formation of the first
projection 20 and the second projection 21 can be achieved,
as in the third embodiment, by overlaying the projection
color layers (see FIG. 9).

Other Embodiments

[0114] Embodiments according to the present invention
are explained above; however, concrete embodiments of the
invention are not limited to this explanation. For example,
the first projection 20, the second projection 21 and the third
projection 121 (hereinafter simply referred to as projections)
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can be arranged either on the array substrate 1 or the
opposing substrate 2 in the above embodiments.

[0115] The projection formation methods are not limited
to the above embodiments and, for example, ink jet printing
or other printing method can be employed.

[0116] In the above embodiments, photosensitive resin is
used as a material for projections; however, projections can
be formed by etching using non-photosensitive resin or a
metal material. For example, because aluminum or the like
is used as a wiring metal on the array substrate 1, forming
projections using the same kind of metal can reduce material
costs. On the end of the projection made of a metal material,
an insulating film can be formed, if necessary.

[0117] As a substrate material for the array substrate 1 and
the opposing substrate 2, in addition to glass, a plastic film
or the like can be used.

[0118] Inthe above embodiments, the invention is applied
to an OCB-mode or VA-mode liquid crystal panel; however,
the invention can also be applied to various types of liquid
crystal panels of TN (Twisted-Nematic) mode, STN (Super-
Twisted-Nematic) mode, IPS (In-Plane-Switching) mode,
polymer distributed liquid crystal mode, high-dielectric lig-
uid crystal mode, anti-high-dielectric liquid crystal mode or
the like.

[0119] Inthe invention, as an active element, a TFT, which
is a three-terminal element, is used; however, a two-terminal
element such as an MIM (Metal-Insulator-Metal), a ZnO
varistor, an SiNx diode and an a-Si diode can also be used.
A passive-type panel such as TN or STN in which active
elements are not formed can also be used.

[0120] Furthermore, in the above embodiments, the dis-
play color layer 3 is protected by the overcoat layer 4;
however, it is not necessary to form the overcoat layer 4.

[0121] As a method to form the display color layer 3, as
well as the pigment dispersion, dyeing, printing or ink jet
printing can be employed. It is also possible to obtain a
liquid crystal panel without forming a display color layer 3.

[0122] In the above embodiments, projections are dis-
posed also on the sealing area between the array substrate 1
and opposing substrate 2 for obtaining an even thickness.
However, spherical resin spacers or pole-shaped spacers
made of SiO2 or resin can be provided on the seal area
instead.

[0123] Moreover, the insulating films or orientation films
can be colored.

1-2. (canceled)

3. A liquid crystal display device comprising: a pair of
substrates each having an electrode; and a liquid crystal
layer held between the pair of substrates, wherein at least
two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein the projections comprise a first projection and a
second projection which is shorter than the first projection,
wherein the first projection keeps a constant space between
the pair of substrates and the second projection controls the
orientation of the liquid crystal layer.

4. The liquid crystal display device according to claim 3,
wherein the first projection has a distribution density of
25/mm or less.
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5. The liquid crystal display device according to claim 3,
wherein the second projection has a distribution density of
1/dot or greater.

6-8. (canceled)

9. A liquid crystal display device comprising: a pair of
substrates each having an electrode; and a liquid crystal
layer held between the pair of substrates, wherein at least
two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein the projections comprise a first projection and a
second projection which is shorter than the first projection,
wherein the first projection controls the orientation of the
liquid crystal layer and the second projection forms asperi-
ties on the electrode to diffuse the reflected light.

10. The liquid crystal display device according to claim 9,
wherein the first projection has a distribution density of
1/dot or greater.

11. The liquid crystal display device according to claim 9,
wherein the second projection has a distribution density of
400/mm? or greater.

12. A liquid crystal display device comprising: a pair of
substrates each having an electrode; and a liquid crystal
layer held between the pair of substrates, wherein at least
two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein the projections comprise a first projection, a second
projection which is shorter than the first projection, and a
third projection which is shorter than the second projection,
wherein the first projection maintains a constant space
between the pair of substrates, the second projection con-
trols the orientation of the liquid crystal layer and the third
projection forms asperities on the electrode to diffuse the
reflected light.

13. The liquid crystal display device according to claim
12, wherein the first projection has a distribution density of
25/mm? or less.

14. The liquid crystal display device according to claim
12, wherein the second projection has a distribution density
of 1/dot or greater.

15. The liquid crystal display device according to claim
12, wherein the third projection has a distribution density of
400/mm? or greater.

16. A liquid crystal display device comprising: a pair of
substrates each having an electrode: and a liquid crystal
layer held between the pair of substrates, wherein at least
two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein the projections are made of photosensitive resin.

17. A liquid crystal display device comprising: a pair of
substrates each having an electrode; and a liquid crystal
layer held between the pair of substrates, wherein at least
two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein the projections are made of a metal material.

18. A liquid crystal display device comprising: a pair of
substrates each having an electrode; and a liquid crystal
layer held between the pair of substrates, wherein at least
two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein at least one type of the projections has a trapezoidal
profile.

19. A liquid crystal display device comprising: a pair of
substrates each having an electrode; and a liquid crystal
layer held between the pair of substrates, wherein at least
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two types of projections having different heights are formed
on one of the pair of substrates using the same material,
wherein the liquid crystal display device is of the OCB mode
or the VA mode.

20. A method for manufacturing a liquid crystal display
device having a liquid crystal layer held between a first
substrate and a second substrate comprising:

a resin film formation step of forming a projection resin
film made of photosensitive resin on the first substrate;

a projection formation step of simultaneously forming at
least two types of projections having different heights
on the first substrate using a photomask having variable
transmittances and conducting exposure and develop-
ment in such a manner that the resulting thickness of
the projection resin film can be varied; and

a liquid crystal inserting step of filling the space between
the first substrate and the second substrate with liquid
crystal after attaching the first substrate and the second
substrate to each other with the projection side of the
first substrate facing the second substrate.

21. The method for manufacturing a liquid crystal display
device according to claim 20 further comprising a step of
forming an electrode on the first substrate prior to the resin
film formation step.

22. A method for manufacturing a liquid crystal display
device having a liquid crystal layer held between a first
substrate and a second substrate comprising:

a resin film formation step of forming a projection resin
film made of photosensitive resin on the first substrate;

a projection formation step of simultaneously forming at
least two types of projections having different heights
on the first substrate using a photomask having variable
transmittances and conducting exposure and develop-
ment in such a manner that the resulting thickness of
the projection resin film can be varied; and

a liquid crystal inserting step of applying liquid crystal to
the surface of one of the first and the second substrate,
and attaching the first substrate to the second substrate.

23. The method for manufacturing a liquid crystal display

device according to claim 22 further comprising a step of
forming an electrode on the first substrate before the resin
film formation step.

24. A method for manufacturing a liquid crystal display

device having a liquid crystal layer held between a first
substrate and a second substrate comprising:

a projection formation step of simultaneously forming at
least two types of projections having different heights
on the first substrate by repeatedly depositing photo-
sensitive resin, exposing and developing in a manner
such that the projection color layers have different
distribution patterns in their layer conditions; and

a liquid crystal inserting step of filling the space between
the first substrate and the second substrate with liquid
crystal after attaching the first substrate and the second
substrate to each other with the projection side of the
first substrate facing the second substrate.

25. The method for manufacturing a liquid crystal display
device according to claim 24 further comprising a step of
forming an electrode on the first substrate prior to the
projection formation step.
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26. A method for manufacturing a liquid crystal display
device having a liquid crystal layer held between a first
substrate and a second substrate comprising:

a projection formation step of simultaneously forming at
least two types of projections having different heights
on the first substrate by repeatedly depositing photo-
sensitive resin, exposing and developing in a manner
such that the projection color layers have different
distribution patterns in their layer conditions; and

a liquid crystal inserting step of applying liquid crystal to
the surface of one of the first substrate and the second
substrate and attaching the first substrate to the second
substrate.

27. The method for manufacturing a liquid crystal display
device according to claim 26 further comprising a step of
forming an electrode on the first substrate prior to the
projection formation step.

28. The method for manufacturing a liquid crystal display
device according to claim 20 or 22 further comprising:

a step of forming a display color layer by depositing
photosensitive resin on one of the first substrate and the
second substrate, exposing and developing; and

a step of forming an electrode made of a transparent
conductive film on the surface of the display color
layer,

characterized in that the projection resin film is formed on
the surface of the electrode.
29. The method for manufacturing a liquid crystal display
device according to claim 24 or 26 further comprising:

a step of forming a display color layer by depositing
photosensitive resin on one of the first substrate and the
second substrate, exposing and developing; and

a step of forming an electrode made of a transparent
conductive film on the surface of the display color
layer,

characterized in that the projection color film is formed on
the surface of the electrode.
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30. The method for manufacturing a liquid crystal display
device according to claim 29, wherein the display color layer
and the projection color layer are made of the same kind of
resin material.

31. The method for manufacturing a liquid crystal display
device according to claim 20 or 22, wherein the resin film
formation step comprises after arranging source wirings and
gate wirings on one of the first substrate and the second
substrate in a manner such that the source wirings and the
gate wirings intersect at approximately right angles and
forming switching elements nearby each intersection of the
source wirings and the gate wirings, forming the projection
resin film,

wherein, after the projection formation step, electrodes
are selectively formed on the projection side surface in
a manner such that at least the highest projection
protrudes from the electrodes.

32. The method for manufacturing a liquid crystal display
device according to claim 24 or 26, wherein the projection
formation step comprises, after arranging source wirings and
gate wirings on one of the first substrate and the second
substrate in a manner such that the source wirings and the
gate wirings intersect at approximately right angles and
forming switching elements nearby each intersection of the
source wirings and the gate wirings, forming the projection
color layer,

wherein, after the projection formation step, electrodes
are selectively formed on the projection side surface in
a manner such that at least the highest projection
protrudes from the electrodes.

33. The method for manufacturing a liquid crystal display
device according to claim 31, wherein by covering at least
the shortest projection with the electrode, asperities are
formed on the electrode to diffuse the reflected light.

34. The method for manufacturing a liquid crystal display
device according to claim 32, wherein by covering at least
the shortest projection with the electrode, asperities are
formed on the electrode to diffuse the reflected light.
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