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Description

[0001] The present invention relates to a liquid crystal
display device, a method of manufacturing the same, and
an electronic apparatus, and more specifically, to tech-
nology for obtaining a wide viewing angle in a liquid crys-
tal display device using a homeotropic alignment liquid
crystal.
[0002] Hitherto, transflective liquid crystal display de-
vices which include a reflective mode and a transmissive
mode are known. In a transflective liquid crystal display
device, a liquid crystal layer is interposed between an
upper substrate and a lower substrate. A reflecting film
with a light transmissive window in a metal film such as
aluminum is provided on the internal surface of the lower
substrate. The reflecting film functions as a transflective
sheet. In this case, in the reflective mode, external light
incident from the upper substrate is reflected from the
reflecting film on the internal surface of the lower sub-
strate after passing through the liquid crystal layer, then
passes through the liquid crystal layer again and is emit-
ted from the upper substrate to contribute to the display.
On the other hand, in the transmissive mode, the light
from a backlight incident from the lower substrate passes
through the liquid crystal layer through the window of the
reflecting film and is emitted from the upper substrate to
the outside to contribute to the display. Therefore, the
region of the reflecting film with the window is the trans-
missive display region and the other region is the reflec-
tive display region.
[0003] In conventional transflective liquid crystal de-
vices, the viewing angle in transmissive display is narrow.
This is because, since a transflective sheet is provided
on the internal surface of a liquid crystal cell so that par-
allax is not generated, only one polarizer provided on the
observer side works on the reflective display which re-
duces the freedom of optical design. Therefore, in order
to solve this problem, Jisaki et al. suggested a new liquid
crystal display device using a homeotropic alignment liq-
uid crystal in Non-Patent Document 1 cited below. The
liquid crystal display device has the following three char-
acteristics:

(1) A vertical alignment (VA) mode, in which liquid
crystal molecules with negative dielectric anisotropy
are vertically aligned on a substrate and the liquid
crystals fall by applying a voltage.
(2) A "multi-gap structure" is adopted, in which the
thickness (a cell gap) of the liquid crystal layer in the
transmissive display region is different from that of
the liquid crystal layer in the reflective display region
(with respect to this point, refer to the Patent Docu-
ment 1) .
(3) The transmissive display region is an octagon
and protrusions are provided in the middle of the
transmissive display region on a counter substrate
so that the liquid crystal molecules fall in eight direc-
tions in the region.

[Patent Document 1]

[0004] Japanese Unexamined Patent Application
Publication No. 11-242226

[Patent Document 2]

[0005] Japanese Unexamined Patent Application
Publication No. 2002-350853

[Non-Patent Document 1]

[0006] "Development of transflective LCD for high con-
trast and wide viewing angle by using homeotropic align-
ment", M. Jisaki et al., Asia Display/IDW’01, P. 133-136
(2001)
[0007] In the thesis of Jisaki et al., the directions in
which the liquid crystal molecules in the transmissive dis-
play region fall are controlled by protrusions. However,
means for controlling the directions in which the liquid
crystal molecules fall do not exist in the reflective display
region. Therefore, in the reflective display region, the liq-
uid crystal molecules fall in random directions. In this
case, a line of discontinuity referred to as disclination
appears on the boundary of another liquid crystal align-
ment region, which causes afterimages. Also, since the
respective alignment regions of the liquid crystal have
difference visual characteristics, when the liquid crystal
device is seen from a tilted direction, spots may appear.
[0008] On the other hand, it is very effective to adjust
the electro-optical characteristics (transmittance-voltage
characteristics and reflectance-voltage characteristics)
of the transmissive display region to those of the reflective
display region when the transflective liquid crystal display
device includes the multi-tap structure like that in the Pat-
ent Document 1. This is because light passes through
the liquid crystal layer only once in the transmissive dis-
play region but twice in the reflective display region. How-
ever, when such a multi-gap structure is employed and,
at the same time, when the directions in which the liquid
crystal molecules fall are controlled using the above-
mentioned protrusions, since the thickness in the trans-
missive display region is different from the thickness in
the reflective display region, it is not possible to control
sufficiently the alignment of the liquid crystal molecules
in any one region only by providing the protrusions in the
respective regions.
[0009] US patent 2003/0016324 A1, published on 23
January 2003, describes a liquid crystal display device
comprising a liquid-crystal layer disposed between two
substrates and having a transmissive region and a re-
flective region. The transmissive region contains a pro-
trusion depending from one of the substrates. The pro-
trusion serves to align the liquid crystal radially.
[0010] In EP 1248142 A2, published on 9 October
2002, a nematic liquid crystal display device is described,
in which protrusions are provided on an alignment layer
disposed on one of the substrates. The protrusions,
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which may have a height of between 10 and 50% of the
cell gap between the substrates, serves to encourage
nucleation of a V-state of the liquid crystal and also to
provide isolation of states.
[0011] US 6;362,863, issued on 26 March 2002, re-
lates to a method of fabricating a sawtooth alignment
control layer on an inner surface of a liquid-crystal device
substrate. The control layer has disposed thereon an
alignment layer facing the liquid crystal. The alignment
layer provides a pretilt of the liquid crystal.
[0012] A color liquid crystal device is described in US
5,623,353, issued on 22 April 1997, comprises a pair of
transparent substrates, which have respective elec-
trodes, a plurality of color filters on an inner surface of
the substrates and a liquid crystal layer disposed be-
tween the substrates. A thickness of the liquid crystal
layer is decreased or increased at an overlapping portion
of the color filters compared with the remaining portion
of the color filters.
[0013] In order to solve the above problems, it is an
object of the present invention to provide a transflective
liquid crystal display device using homeotropic alignment
liquid crystal capable of displaying images with a wide
viewing angle in both of transmissive display and reflec-
tive display and a method of manufacturing the same. It
is another object of the present invention to provide a
reliable transflective liquid crystal display device using
homeotropic alignment liquid crystal whose structure is
simplified, thus improving the manufacturing efficiency
and reducing the occurrence of inferior quality, a method
of manufacturing the same, and an electronic apparatus
comprising the above-mentioned liquid crystal display
device.
[0014] In order to achieve the objects, there is provided
in a first aspect of the present invention a liquid crystal
display device in which a liquid crystal layer is interposed
between a pair of substrates and a transmissive display
region and a reflective display region are provided in one
dot region, wherein the liquid crystal layer is made of
liquid crystal whose dielectric anisotropy, indicating that
the liquid crystal are vertically aligned in an initial state,
is negative, wherein a liquid crystal layer thickness-ad-
justing layer to make the thickness of the liquid crystal
layer in the reflective display region smaller than the thick-
ness of the liquid crystal layer in the transmissive display
region is formed between at least one substrate of the
pair of substrates and the liquid crystal layer, wherein
convex portions that protrude from an internal surface of
at least one of the substrates to the inside of the liquid
crystal layer are provided as adjustment regulating
means for regulating the alignment of the liquid crystal
in the transmissive display regioncharacterized in that
such convex portions are also provided in the reflective
display region and the height of the convex portions is
larger in the transmissive display region than in the re-
flective display region.
[0015] The liquid crystal display device according to
the present invention is obtained by combining liquid

crystal in a vertical alignment mode with a transflective
liquid crystal display device and by adding a liquid crystal
layer thickness-adjusting layer (that is, a multi-gap struc-
ture) to the transflective liquid crystal display device for
making birefringence retardation of a reflective display
region almost equal to that of a transmissive display re-
gion and thus control the directions of the alignment of
liquid crystal molecules.
[0016] That is, according to the liquid crystal display
device in the vertical alignment mode, liquid crystal mol-
ecules that are vertically erect with respect to the sub-
strate in an initial state fall by applying an electric field.
When nothing is designed (when pre-tilt is not given), the
directions in which the liquid crystal molecules fall cannot
be controlled and disorder (disclinations) in the alignment
is caused which generates display problems such as light
leakage and deteriorates display quality. Therefore,
when a vertical alignment mode is employed, control of
the directions in which the liquid crystal molecules are
aligned when the electric field is applied is an important
factor. Therefore, in the liquid crystal display device ac-
cording to the present invention, a convex portion is
formed in both the transmissive display region and the
reflective display region. The directions in which the liquid
crystal molecules are aligned in the each region are reg-
ulated. According to such alignment regulation, the liquid
crystal molecules are vertically aligned in an initial state
and have pre-tilt according to the shape of the convex
portion. As a result, it is possible to regulate or control
the directions in which the liquid crystal molecules fall in
both the transmissive display region and the reflective
display region. Therefore, it is difficult to cause the dis-
order (disclinations) in the alignment and it is possible to
avoid the inferiority in the display such as light leakage.
As a result, it is possible to reduce problems such as
afterimages and spots and provide a liquid crystal display
device with a wide viewing angle.
[0017] Also, since the multi-gap structure is employed
in the liquid crystal display device according to the
present invention, the thickness of the liquid crystal layer
in the transmissive display region is larger than the thick-
ness of the liquid crystal layer in the reflective display
region. Therefore, it may be impossible to control suffi-
ciently the alignment of the liquid crystal in any one region
only by providing the convex portions in both of the trans-
missive display region and the reflective display region.
That is, since the thickness of the liquid crystal layer in
the transmissive display region is different from the thick-
ness of the liquid crystal layer in the reflective display
region, an ability of aligning the liquid crystal molecules
in the transmissive display region where the thickness of
the liquid crystal layer is larger may deteriorate more than
that in the reflective display region only by forming the
convex portions having the same height in the respective
regions. Therefore, according to the present invention, it
is possible to control the alignment of the liquid crystal
molecules in both of the transmissive display region and
the reflective display region by making the height of the

3 4 



EP 1 484 633 B1

4

5

10

15

20

25

30

35

40

45

50

55

convex portions in the transmissive display region larger
than the height of the convex regions in the reflective
display region. Therefore, it is possible to prevent the
generation of inferiority in the display such as afterimages
or spots in both of the transmissive mode and the reflec-
tive mode and to thus display images with a wide viewing
angle. Also, according to the present invention, for ex-
ample, the internal surface of the substrate means the
liquid crystal layer side of the substrate. That the convex
portions protrude above the substrates means that the
convex portions protrude from the internal surface of the
liquid crystal layer thickness-adjusting layer when the liq-
uid crystal layer thickness-adjusting layer is formed on
the internal surface of the substrate.
[0018] The convex portions may have surfaces in-
clined at a predetermined angle with respect to the sur-
faces of the substrate for interposing the liquid crystal
layer therebetween. It is possible to control the directions
in which the liquid crystal molecules fall along the tilted
surface by including the tilted surfaces. Also, electrodes
for driving the liquid crystal may be provided on the liquid
crystal layer sides of the pair of substrates, and the con-
vex portions may be formed on at least one electrode of
the electrodes facing the liquid crystal layer. In this case,
an alignment film for vertically aligning the liquid crystal
may be formed on the convex portions and the internal
surface of the electrode. It is possible to provide a circular
polarizer for making circularly polarized light incident on
the liquid crystal layer on the sides of the pair of sub-
strates opposite to the liquid crystal layer. The circular
polarizer may be obtained by composing the polarization
layer with the retardation layer.
[0019] Furthermore, in the liquid crystal display device
according to the present invention, an upper substrate
and a lower substrate may be provided as the pair of
substrates, a backlight for transmissive display may be
provided on the side of the lower substrate opposite to
the liquid crystal layer, and a reflective layer selectively
formed in the reflective display region may be formed on
the side of the lower substrate facing the liquid crystal
layer. In this case, it is possible to use the light from the
backlight, which is incident from the lower substrate, for
the transmissive display and to reflect external light such
as illumination and solar light incident from the upper
substrate in the reflective layer to thus be used for the
reflective display.
[0020] A color filter layer may be provided on the liquid
crystal layer sides of at least one of the pair of substrates,
the color filter layer having a plurality of colored layers
(for example, colored layers corresponding to three pri-
mary colors of light)and the plurality of colored layers
overlapping each other in the inter-dot region in plan view.
In this case, it is possible to display black by the colored
layer (referred to as an overlap colored layer) formed by
overlapping the colored layers of the three primary colors
of light and to use the overlap colored layer as a black
matrix in the inter-dot region. Therefore, since it is not
necessary to additionally form the black matrix, it is pos-

sible to simplify the structure of the liquid crystal display
device and to improve manufacturing efficiency.
[0021] Preferably, the liquid crystal layer thickness-ad-
justing layer and second convex portions that protrude
from the liquid crystal layer thickness-adjusting layer to
the liquid crystal layer are formed on the side of the liquid
crystal layer in the region where the colored layers over-
lap each other in plan view. In this case, the second con-
vex portions can be used instead of the spacers, that is,
as means for controlling the thickness of the liquid crystal
layer (the distance between substrates, that is, the cell
gap). The region formed by overlapping the colored lay-
ers protrudes above the other regions by the amount the
colored layers overlap. However, when the liquid crystal
layer thickness-adjusting layer is formed in the overlap
colored layer together with the second convex portion,
since the second convex portions protrude outermost in-
side the substrate, it is possible to use the second convex
portions as the means for controlling the thickness of the
liquid crystal layer.
[0022] Also, the second convex portions are preferably
formed in the same step as the convex portions formed
in the transmissive display region and the reflective dis-
play region in order to improve the manufacturing effi-
ciency. In this case, the convex portions formed in the
transmissive display region and the reflective display re-
gion are made of the same material as the second convex
portion. Also, the height of the second convex portions
may be almost equal to that of the convex portions formed
in the reflective display region. In this case, it is possible
to use the second convex portions as the means for con-
trolling the thickness of the liquid crystal layer. On the
other hand, since the convex portions formed in the trans-
missive display region and the reflective display region
have the height almost equal to the height of the second
convex portion, it is possible to prevent the convex por-
tions from contacting an opposite substrate and to thus
control the alignment of the liquid crystal molecules.
[0023] An electronic apparatus according to a second
aspect of the present invention comprises the above-
mentioned liquid crystal display device. Such an elec-
tronic apparatus can operate in the transmissive mode
and the reflective mode. Therefore, it is possible to pro-
vide an electronic apparatus having a display in which
images can be displayed with a wide viewing angle in
both of the display modes.
[0024] In addition, in a third aspect of the invention a
method of manufacturing the liquid crystal display device
according to the present invention comprises a convex
portion forming step of coating a substrate with a photo-
sensitive resin, and exposing and developing the photo-
sensitive resin through a mask, wherein the thickness of
the photosensitive resin with which the substrate is coat-
ed varies in the transmissive display region and the re-
flective display region. According to such a manufactur-
ing method, it is possible to appropriately manufacture
the liquid crystal display device according to the present
invention. That is, in the above-mentioned liquid crystal
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display device, the convex portions provided in both of
the transmissive display region and the reflective display
region are made of the photosensitive resin and the thick-
ness of the photosensitive resin varies in every prede-
termined region. Therefore, it is possible to form convex
portions having different heights in the respective re-
gions. To be specific, the thickness of the photosensitive
resin is larger in the region where the transmissive display
region is formed and the thickness of the photosensitive
resin layer is relatively small in the region where the re-
flective display region is formed. To be more specific, the
manufacturing method may further comprise a substrate
fabricating step of forming a reflective film of a predeter-
mined pattern on a base, wherein in the region where
the reflective film is formed, the thickness of the photo-
sensitive resin may be relatively small.
[0025] According to a fourth aspect, the method of
manufacturing the liquid crystal display device according
to the present invention comprises a convex portion form-
ing step of coating a substrate with a photosensitive resin,
and exposing and developing the photosensitive resin
through a mask, wherein the amount of exposure of the
photosensitive resin varies in each transmissive display
region and reflective display region. According to such a
manufacturing method, it is possible to appropriately
manufacture the liquid crystal display device according
to the present invention. That is, in the above-mentioned
liquid crystal display device, the convex portions provided
in both of the transmissive display region and the reflec-
tive display region are made of the photosensitive resin
and the amount of exposure of the photosensitive resin
varies in every predetermined region. Therefore, it is pos-
sible to form convex portions having different heights in
the respective regions. To be specific, when a negative
photosensitive resin is used, the amount of exposure in-
creases in the region that forms the transmissive display
region and decreases in the region that forms the reflec-
tive display region. To be more specific, the manufactur-
ing method may further comprise a substrate fabricating
step of forming the reflective film of the predetermined
pattern on a base material, wherein the amount of expo-
sure of the photosensitive resin in the region in which the
reflective film is formed and the amount of exposure in
the region in which the reflective film is not formed are
different.
[0026] The manufacturing method according to the
present invention may further comprise a step of forming
a color filter layer including a plurality of colored layers
corresponding to the three primary colors of light on the
base material. In the color filter layer forming step, the
plurality of colored layers may overlap each other in the
inter-dot region in plan view. On the other hand, the man-
ufacturing method may further comprise a step of forming
an insulating layer so as to cover the colored layers that
overlap each other and forming second convex portions
protruding from the insulating layer, above the insulating
layer, the convex portions and the second convex por-
tions being formed in the same step. In this case, since

the second convex portions for controlling the thickness
of the liquid crystal layer are formed in the same step as
the convex portions (first convex portions) for controlling
the alignment of the liquid crystal molecules formed in
the transmissive display region and the reflective display
region, it is possible to improve the manufacturing effi-
ciency and to easily and correctly make the height of the
second convex portions almost equal to the height of the
first convex portions. Also, the insulating layer is for form-
ing the liquid crystal layer thickness-adjusting layer ac-
cording to the present invention.
[0027] Embodiments of the present invention will now
be described by way of further example only and with
reference to the accompanying drawings; in which:-

Fig. 1 is an equivalent circuit diagram of a liquid crys-
tal display device according to a first embodiment.
Fig. 2 is a plan view illustrating the structure of the
electrodes of the liquid crystal display device of Fig.
1.
Fig. 3 is a plan schematic view and a sectional sche-
matic view illustrating the enlarged main portion of
the liquid crystal display device of Fig. 1.
Fig. 4 is a plan schematic view and a sectional sche-
matic view illustrating the enlarged main portion of
a liquid crystal display device according to a second
embodiment.
Fig. 5 is a plan schematic view and a sectional sche-
matic view illustrating the enlarged main portion of
a liquid crystal display device according to a third
embodiment.
Fig. 6 is a plan schematic view and a sectional sche-
matic view illustrating the enlarged main portion of
a liquid crystal display device according to a fourth
embodiment.
Fig. 7 is a perspective view illustrating an example
of an electronic apparatus according to the present
invention.

[First Embodiment]

[0028] The embodiments of the present invention will
now be further described with reference to the drawings.
In the drawings, the thickness of individual layers and
regions are exaggerated for clarity.
[0029] A liquid crystal display device according to the
present embodiment of the present invention is an active
matrix liquid crystal display device using a thin film diode
(hereinafter, it is referred to as a TFD) as a switching
element, in particular, a transflective liquid crystal display
device capable of performing reflective and transmissive
display.
[0030] Fig. 1 is an equivalent circuit diagram of a liquid
crystal display device 100 according to the present em-
bodiment. The liquid crystal display device 100 includes
a scanning signal driving circuit 110 and a data signal
driving circuit 120. Signal lines, that is, a plurality of scan-
ning lines 13 and a plurality of data lines 9 that cross the
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scanning lines 13 are provided in the liquid crystal display
device 100. The scanning lines 13 are driven by the scan-
ning signal driving circuit 110. The data lines 9 are driven
by the data signal driving circuit 120. In the respective
pixel regions 150, TFD elements 40 are serially connect-
ed to liquid crystal display components (liquid crystal lay-
ers) 160 between the scanning lines 13 and the data lines
9. On the other hand, in Fig. 1, the TFD elements 40 are
connected to the scanning lines 13 and the liquid crystal
display elements 160 are connected to the data lines 9.
However, on the contrary, the TFD elements 40 may be
connected to the data lines 9 and the liquid crystal display
components 160 may be connected to the scanning lines
13.
[0031] Hereinafter, with reference to Fig. 2, the planar
structure of the electrodes included in the liquid crystal
display device according to the present embodiment will
now be described. As illustrated in Fig. 2, in the liquid
crystal display device according to the present embodi-
ment, in plan view where the TFD elements 40 are con-
nected to the scanning lines 13, square pixel electrodes
31 are provided in a matrix and the rectangular common
electrodes 9 (in a matrix) are provided to face the pixel
electrodes 31 in a direction vertical to the plane of the
drawing. The common electrodes 9 are composed of the
data lines and cross the scanning lines 13 in strips. Ac-
cording to the present embodiment, each region in which
each of the pixel electrodes 31 is formed constitutes one
dot region, and images can be displayed in each of the
dot regions arranged in a matrix.
[0032] Here, the TFD elements 40 are switching ele-
ments for connecting the scanning lines 13 to the pixel
electrodes 31. The TFD elements 40 have an MIM struc-
ture in which a first conductive film using Ta as a main
component, an insulating film formed on the surface of
the first conductive film and using Ta2O3 as a main com-
ponent, and a second conductive film formed on the sur-
face of the insulating film and using Cr as a main com-
ponent are provided. The first conductive films of the TFD
elements 40 are connected to the scanning lines 13 so
that the second conductive films are connected to the
pixel electrodes 31.
[0033] Next, the pixel structure of the liquid crystal dis-
play device 100 according to the present embodiment
will now be described with reference to Fig. 3. Fig. 3(a)
is a schematic view illustrating the pixel structure of the
liquid crystal display device 100, in particular, the planar
structure of the pixel electrode 31. Fig. 3(b) is a schematic
view taken along the line A-A’ of Fig. 3(a). As illustrated
in Fig. 2, the liquid crystal display device 100 according
to the present embodiment has the dot regions including
the pixel electrodes 31 in the regions surrounded by the
data lines 9 and the scanning lines 13. In the dot regions,
as illustrated in Fig. 3(a), a colored layer of one of three
primary colors is arranged corresponding to one dot re-
gion. The three dot regions D1, D2, and D3 form a pixel
including colored layers 22B (blue), 22G (green), and
22R (red).

[0034] On the other hand, as illustrated in Fig. 3(b), in
the liquid crystal display device 100 according to the
present embodiment, liquid crystal whose molecules are
vertically aligned in an initial state, that is, a liquid crystal
layer 50 made of a liquid crystal material whose dielectric
anisotropy is negative, is interposed between an upper
substrate (an element substrate) 25 and a lower sub-
strate (a counter substrate) 10 arranged to face the upper
substrate.
[0035] The lower substrate 10 has a structure in which
a reflecting film 20 made of a metal film having a high
reflectance such as aluminum or silver is partially formed
on the surface of a substrate main body 10A made of a
light transmissive material such as quartz or glass, with
an insulating film 24 therebetween. Here, the region in
which the reflecting film 20 is formed constitutes a reflec-
tive display region R. The region in which the reflecting
film 20 is not formed, that is, the region inside an aperture
21 of the reflecting film 20, is a transmissive display re-
gion T. As mentioned above, the liquid crystal display
device according to the present embodiment is a vertical
alignment liquid crystal display device including the ver-
tical alignment liquid crystal layer 50 and is a transflective
liquid crystal display device capable of displaying images
in a reflective mode and in a transmissive mode.
[0036] The insulating film 24 formed on the substrate
main body 10A has a concavo-convex portion 24a on the
surface there of. The surface of the reflecting film 20 also
has a concavo-convex portion due to the concavo-con-
vex portion 24a.
[0037] Since reflected light is scattered due to such a
concavo-convex portion, it is possible to prevent the re-
flected light from being incident from the outside and to
thus display images with a wide viewing angle.
[0038] Also, the color filter 22 (the red colored layer
22R in Fig. 3(b)) extending over the reflective display
region R and the transmissive display region T is provided
on the reflecting film 20 in the reflective display region R
and on the substrate main body 10A positioned in the
transmissive display region T. Here, the edge of the color-
ed layer 22R is surrounded by a black matrix BM com-
posed of chromium or the like. The boundaries of the
respective dot regions D1, D2, and D3 are formed by the
black matrix BM (refer to Fig. 3(a)).
[0039] Furthermore, an insulating film 26 is formed on
the color filter 22 so as to correspond to the reflective
display region R. That is, the insulating film 26 is selec-
tively formed above the reflecting film 20, with the color
filter 22 therebetween. The thickness of the liquid crystal
layer 50 in the reflective display region R is different from
the thickness of the liquid crystal layer 50 in the trans-
missive display region T due to the formation of the in-
sulating film 26. The insulating film 26 is made of an or-
ganic film such as an acryl resin of a thickness of 0.5 to
2.5 Pm and has a tilted surface so that the thickness
thereof can continuously change around the boundary
between the reflective display region R and the transmis-
sive display region T. The thickness of the liquid crystal
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layer 50 in a portion where the insulating film 26 does
not exist is about 1 to 5 Pm. The thickness of the liquid
crystal layer 50 in the reflective display region R is about
half of the thickness of the liquid crystal layer 50 in the
transmissive display region T.
[0040] As mentioned above, the insulating film 26 func-
tions as a liquid crystal layer thickness-adjusting layer (a
liquid crystal layer thickness-controlling layer) that makes
the thickness of the liquid crystal layer 50 in the reflective
display region R different from the thickness of the liquid
crystal layer in the transmissive display region T. Accord-
ing to the present embodiment, since the edge of the flat
surface on the insulating film 26 almost coincides with
the edge of the reflecting film 20 (the reflective display
region), a part or all of the tilted region of the insulating
film 26 is included in the transmissive display region T.
[0041] A common electrode 9 made of indium tin oxide
(hereinafter, it is referred to as ITO) is formed on the
surface of the lower substrate 10 including the surface
of the insulating film 26. An alignment film 27 made of
polyimide is formed on the common electrode 9. The
alignment film 27 functions as a vertical alignment film
for aligning the liquid crystal molecules in a vertical di-
rection with respect to the surface thereof. An alignment
process such as rubbing is not performed. On the other
hand, in Fig. 3, the common electrode 9 is in strips so as
to extend in a vertical direction with respect to the plane
of the drawing and is composed of common electrodes
in the respective dot regions formed in parallel in a vertical
direction with respect to the plane of the drawing. Fur-
thermore, according to the present embodiment, the re-
flecting film 20 and the common electrode 9 are sepa-
rately provided and stacked. However, in the reflective
display region R, a reflecting film made of a metal film
may be used as a part of the common electrode.
[0042] Next, in the upper substrate 25, the pixel elec-
trode 31 in a matrix, which is made of a transparent con-
ductive film such as ITO, and an alignment film 33, which
is made of polyimide and on which the vertical alignment
process is performed like on the lower substrate 10, are
formed on a substrate main body 25A made of a light
transmissive material such as glass or quartz (on the
liquid crystal layer of the substrate main body 25A). Also,
in the pixel electrode 31, slits 32 obtained by partially
cutting the common electrode are formed.
[0043] A retardation plate 18 and a polarizer 19 are
formed on the external surface (opposite to the surface
on which the liquid crystal layer 50 is provided) of the
lower substrate 10. A retardation plate 16 and a polarizer
17 are formed on the external surface of the upper sub-
strate 25. Circular polarized light can be incident on the
internal surface of the substrate (the liquid crystal layer
50). The retardation plate 18 and the polarizer 19, and
the retardation plate 16 and the polarizer 17 constitute
circular polarizers, respectively. The polarizer 17(19)
transmits only linearly polarized light having a polariza-
tion axis in a predetermined direction. A λ/4 retardation
plate is used as the retardation plate 16(18). A backlight

15 that is a light source for the transmissive display is
provided outside the polarizer 19 formed on the lower
substrate 10.
[0044] In the liquid crystal display device 100 accord-
ing to the present embodiment, in order to control the
alignment of the liquid crystal molecules of the liquid crys-
tal layer 50, that is, as means for controlling the directions
in which the liquid crystal molecules that are vertically
aligned in an initial state fall when a voltage is applied
between electrodes, protrusions made of a dielectric ma-
terial are formed on the internal surface (the liquid crystal
layer) of the electrodes. In Fig. 3, the protrusions 28 and
29 are formed on the internal surface (the liquid crystal
layer) of the common electrode 9 formed in the lower
substrate 10 in both the transmissive display region T
and the reflective display region R, respectively.
[0045] The respective protrusions 28 and 29 are cone-
shaped or polypyramid-shaped so as to protrude from
the internal surface of the substrate (the main surface of
the electrode) to the inside of the liquid crystal layer 50.
The height L2 of the protrusions 28 formed in the trans-
missive display region T is (for example, 1.5 to 2 times)
larger than the height L1 of the protrusions 29 formed in
the reflective display region R. To be specific, L2 = 1.5
Pm and L1 = 1.0 Pm. The height of the protrusions 28 is
about 1.5 times larger than the height of the protrusions
29. Also, the protrusions 28 and 29 include a surface
(including a slowly curved shape) tilted at a predeter-
mined angle with respect to the internal surface of the
substrate (the main surface of the electrode).
[0046] On the other hand, in the pixel electrode 31
formed on the internal surface of the upper substrate 25,
the slits 32 obtained by partially cutting the common elec-
trode 9 are formed. A distorted electric field is generated
between the respective electrodes 9 and 31 by providing
the slits 32. The directions in which the liquid crystal mol-
ecules vertically aligned in an initial state fall when a volt-
age is applied are controlled by the distorted electric field.
Also, as illustrated in Fig. 3(a), the slits 32 formed in the
pixel electrode 31 surround the protrusions 28 and 29
formed in the common electrode 9. As a result, it is pos-
sible to radically control the directions in which the liquid
crystal molecules (LC) fall along the periphery of the pro-
trusions 28 and 29.
[0047] According to the liquid crystal display device
100 having the above structure, it is possible to obtain
the following effects. In other words, in general, when a
voltage is applied to the liquid crystal molecules having
negative dielectric anisotropy, which are aligned on a ver-
tical alignment film on which a rubbing process is not
performed, since the directions in which the liquid crystal
molecules fall are not controlled, the liquid crystal mole-
cules fall in random directions to thus cause inferior align-
ment. However, according to the present embodiment,
since the protrusions 28 and 29 are formed on the internal
surface of the common electrode 9 and the slits 32 are
formed in the pixel electrode 31 so as to surround the
protrusions 28 and 29 in plan view, the alignment of the
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liquid crystal molecules is controlled by the tilted surfaces
of the protrusions 28 and 29 and/or by the distorted elec-
tric field caused by the slits 32. Therefore, the directions
in which the liquid crystal molecules vertically aligned at
an initial stage fall are controlled by applying a voltage.
As a result, it is possible to prevent the generation of
disclinations caused by the inferior alignment of the liquid
crystal molecules and to thus obtain high quality display
in which afterimages caused by the generation of the
disclinations or spots observed in the oblique direction
are rarely generated.
[0048] In addition, in the liquid crystal display device
100 according to the present embodiment, since it is pos-
sible to reduce the thickness of the liquid crystal layer 50
in the reflective display region R to half of the thickness
of the liquid crystal layer 50 in the transmissive display
region T by forming the insulating film 26 in the reflective
display region R, it is possible to make the birefringence
retardation that contributes to the reflective display al-
most equal to the birefringence retardation that contrib-
utes to the transmissive display and to thus improve the
contrast.
[0049] In the liquid crystal display device 100 in which
the thickness of the liquid crystal layer in the transmissive
display region T is larger than the thickness of the liquid
crystal layer in the reflective display region R, it is possible
to control the alignment of the liquid crystal molecules in
both of the transmissive display region T and the reflec-
tive display region R by making the height L2 of the pro-
trusions 28 formed in the transmissive display region T
larger than the height of the protrusions 28 formed in the
reflective display region R. Therefore, it is possible to
prevent the generation of the inferiority in display such
as the afterimages and the spots in both of the transmis-
sive mode and the reflective mode and to thus display
images a wide viewing angle.
[0050] That is, in the liquid crystal display device in
which the thickness of the liquid crystal layer in the trans-
missive display region is larger than the thickness of the
liquid crystal layer in the reflective display region, it is not
possible to control the alignment of the liquid crystal mol-
ecules in any one region only by providing the protrusions
in both of the transmissive display region and the reflec-
tive display region. That is, since the thickness of the
liquid crystal layer in the transmissive display region is
different from the thickness of the liquid crystal layer in
the reflective display region, the power of aligning the
liquid crystal molecules in the transmissive display region
where the thickness of the liquid crystal layer is larger
may deteriorate than that in the reflective display region
only by forming the convex portions having the same
height in the respective regions. However, according to
the present embodiment, it is possible to control the align-
ment of the liquid crystal molecules in the respective re-
gions by making the height L2 about 1.5 Pm and the
height L1 about 1.0 Pm.
[0051] Next, one manufacturing process of the liquid
crystal display device 100 according to the first embod-

iment will now be described with reference to Fig. 3(b).
The process of manufacturing the liquid crystal display
device 100 includes a process of manufacturing a lower
substrate 10, a process of manufacturing an upper sub-
strate 25, and a process of attaching the lower substrate
10 to the upper substrate 25, with a liquid crystal material
therebetween. The respective processes will now be de-
scribed in detail.

(Process of Manufacturing Lower Substrate 10)

[0052] First, an insulating film 24 made of an acryl resin
is formed on a base material corresponding to the sub-
strate main body 10A in a predetermined pattern (in a
region corresponding to the reflective display region R).
A concavo-convex portion 24a is formed on the surface
thereof by a photolithography process using a photo-
mask, a treatment with hydrofluoric acid, or an emboss-
ing process. Next, a reflective film 20 mainly made of a
metal material such as A1 is formed on the insulating film
24. A concavo-convex portion is formed on the surface
of the reflective film 20 in the shape of the concavo-con-
vex portion 24a of the insulating film 24. Subsequently,
a color filter 22 including colored layer of R, G, and B
colors is formed on the almost entire surface of the sub-
strate main body 10A having the insulating film 24 and
the reflective film 20.
[0053] After forming the color filter 22, an insulating
film 26 that is a liquid crystal layer thickness-adjusting
layer mainly made of the acryl resin is selectively formed
so as to cover the color filter 22 in the region where the
reflective film 20 is formed. Then, a transparent electrode
9 in strips mainly made of ITO is formed on the substrate
main body 10A having the insulating film 24, the reflective
film 20, the color filter 22, and the insulating film 26 by a
sputtering method or a deposition method. Also, a pattern
in strips may be formed by mask deposition or etching.
[0054] Subsequently, the protrusions 29 and the pro-
trusions 28 made of a dielectric material are formed on
the transparent electrode 9 formed on the substrate main
body 10A in both of the region where the reflective film
20 is formed and the region where the reflective film 20
is not formed. Here, the height of the protrusions 28 that
protrude from the surface of the transparent electrode 9
is different from the height of the protrusions 29 that pro-
trude from the surface of the transparent electrode 9.
According to the present embodiment, for example, the
height L2 of the protrusions 28 is 1.5 times larger than
the height L1 of the protrusions 29.
[0055] To be specific, after forming a photosensitive
resin hardened by irradiating UV rays on the transparent
electrode 9 formed on the substrate main body 10A to
be thicker in the region where the reflective film 20 is
formed than in the region where the reflective film 20 is
not formed, the photosensitive resin is exposed and de-
veloped through a mask and the resultant is processed
to cones. Therefore, it is possible to form the protrusions
29 that are lower in the region where the reflective film
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20 is formed and to form the protrusions 28 that higher
in the region where the reflective film 20 is not formed.
Also, according to a method of providing the tilted sur-
faces illustrated in Fig. 3(b) in the protrusions 28 and 29,
that is, a method of processing the resultant to the cones,
for example, it is possible to process the convex portions
obtained after performing exposure and development by
melting the same.
[0056] It is possible to make the heights of the protru-
sions 28 and 29 different from each other by coating the
transparent electrode 9 formed on the substrate main
body 10A with a photosensitive resin hardened by irra-
diating the UV rays to a uniform thickness and controlling
the amount of exposure when the photosensitive resin
is exposed through the mask. That is, when the photo-
sensitive resin hardened by irradiation the UV rays is
used, it is possible to make the height of the protrusions
29 formed in the region where the reflective film 20 is
formed smaller by reducing the amount of exposure in
the region where the reflective film 20 is formed and in-
creasing the amount of exposure I the region where the
reflective film 20 is not formed.
[0057] An alignment film 27 of vertical alignment made
of polyimide is formed on the almost entire surface of the
transparent electrode 9 including the protrusions 28 and
29 formed by the above-mentioned method. Also, an
alignment process such as rubbing is not performed on
the alignment film 27.
[0058] On the other hand, a retardation film 18 and a
polarization film 19 made of a 1/4 wavelength plate are
formed on the surface opposite to the surface on which
the transparent electrode 9 of the substrate main body
10A is formed to thus obtain the lower substrate 10.

(Process of Manufacturing Upper Substrate 25)

[0059] First, a transparent electrode (pixel electrode)
31 in a matrix, which is mainly made of the ITO, is formed
on a base material corresponding to the substrate main
body 25A by a sputtering method or a deposition method.
[0060] Also, a pattern in a matrix may be formed by
the mask deposition or the etching. The slits 32 are
formed at the same time of forming the pattern in a matrix.
Subsequently, an alignment film 33 of vertical alignment
made of polyimide is formed on the almost entire surface
of the transparent electrode 31 formed on the substrate
main body 25A. Also, the alignment process such as rub-
bing is not performed on the alignment film 33.
[0061] On the other hand, a retardation plate 16 and
a polarization plate 17 made of the 1/4 wavelength plate
are formed on the surface opposite to the surface on
which the transparent electrode 31 of the substrate main
body 25A is formed to thus obtain the upper substrate 25.

(Process of Attaching Substrates)

[0062] The upper substrate 25 and the lower substrate
10 obtained by the above method are attached to each

other under vacuum through a sealing material made of
a UV rays hardening resin, in which a liquid crystal im-
planting hole is formed. A liquid crystal material is im-
planted into the attached substrates from the liquid crys-
tal implanting hole by a vacuum implanting method. After
implanting the liquid crystal material, the liquid crystal
implanting hole is sealed by the sealing material to thus
obtain the liquid crystal display device 100 according to
the present embodiment. Also, according to the present
embodiment, a liquid crystal material whose dielectric
anisotropy is negative is used as the liquid crystal mate-
rial.

[Second Embodiment]

[0063] A liquid crystal display device according to a
second embodiment will now be described with reference
to the drawings. Fig. 4 is a schematic view illustrating the
planar structure (a) and the sectional structure (b) of the
liquid crystal display device 200 according to the second
embodiment corresponding to Fig. 3 according to the first
embodiment. The structure of the liquid crystal display
device 200 according to the second embodiment is al-
most identical with the structure of the liquid crystal dis-
play device 100 illustrated in Fig. 3 except that the struc-
tures of the color filters vary. Therefore, description of
the same members denoted by the reference numerals
of Fig. 3 will be omitted.
[0064] In the liquid crystal display device 200 accord-
ing to the second embodiment, in an active matrix trans-
flective liquid crystal display device using a TFD as a
switching element, liquid crystal whose molecules are
vertically aligned in an initial state, that is, a liquid crystal
layer 50 made of a liquid crystal material whose dielectric
anisotropy is negative, is interposed between an upper
substrate (an element substrate) 25 and a lower sub-
strate (a counter substrate) 10 arranged to face the upper
substrate.
[0065] In the lower substrate 10, the reflective film 20
made of a metal film having a high reflectance ratio such
as aluminum and silver is selectively formed on the sur-
face of the substrate main body 10A made of a light trans-
missive material such as quartz and glass in a predeter-
mined pattern, to be specific, in the reflective display re-
gion R. Also, like in the first embodiment, it is possible to
form a concavo-convex portion through the insulating film
24.
[0066] The color filter 22 (22R, 22G, and 22B) extend-
ing over the reflective display region R and the transmis-
sive display region T is provided on the reflecting film 20
selectively formed in the reflective display region R and
on the substrate main body 10A positioned in the trans-
missive display region T. The color filter 22 includes the
colored layers 22R, 22G, and 22B of the R, G, and B
colors. The respective colored layers 22R, 22G, and 22B
form the respective dot regions D1, D2, and D3 (refer to
Fig. 4(a)).
[0067] According to the present embodiment, the black
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matrix BM formed in the boundaries of the respective dot
regions D1, D2, and D3 is not formed of metal chrome
that is generally used in a conventional art but is formed
of a substance obtained by stacking the respective color-
ed layers 22R, 22G, and 22B. To be specific, in the inter-
dot region adjacent to the reflective display region R, the
respective colored layers 22R, 22G, and 22B overlap in
plan view and black is displayed by the stacked sub-
stance. As a result of stacking the respective colored
layers, in the inter-dot region, the thickness of the color
filter 22 is determined by the amount the respective color-
ed layers are stacked.
[0068] Furthermore, the insulating film 26 that is the
liquid crystal layer thickness-adjusting layer is formed on
the color filter 22 in the position corresponding to the
reflective display region R. The common electrode 9
made of the ITO is formed on the surface of the lower
substrate 10 including the surface of the insulating film
26. The protrusions 28, 29a, and 29b are formed on the
common electrode 9. Also, the protrusions 28 are pro-
vided in the transmissive display region T. The protru-
sions 29b are provided in the reflective display region R.
On the other hand, the protrusions 29a are provided in
the inter-dot region.
[0069] As mentioned above, in the region where the
respective colored layers 22R, 22G, and 22B of the color
filter 22 overlap each other, the insulating film 26 pro-
trudes by the amount the colored layers are stacked. Fur-
thermore, the protrusions 29a that protrude to the liquid
crystal layer 50 are formed in the portion where the in-
sulating film 26 protrudes. The protrusions 29a are made
of the same material as the protrusions 28 formed in the
transmissive display region T and the protrusions 29b
formed in the reflective display region R and have the
height almost equal to the height of the protrusions 29b.
[0070] Next, in the upper substrate 25, the pixel elec-
trode 31 in a matrix, which is made of a transparent con-
ductive film such as ITO, and an alignment film 33, which
is made of polyimide and on which the vertical alignment
process is performed like on the lower substrate 10, are
formed on a substrate main body 25A made of a light
transmissive material such as glass or quartz (on the
liquid crystal layer of the substrate main body 25A). Also,
like in the first embodiment, the slits 32 formed by partially
cutting the pixel electrode 31 are formed in the pixel elec-
trode 31.
[0071] In the liquid crystal display device 200 accord-
ing to the present embodiment, in order to control the
alignment of the liquid crystal molecules of the liquid crys-
tal layer 50, that is, as means for controlling the directions
in which the liquid crystal molecules that are vertically
aligned in an initial state fall when a voltage is applied
between electrodes, protrusions made of a dielectric ma-
terial are formed on the internal surface (the liquid crystal
layer) of the electrodes. In the example of Fig. 4, the
protrusions 28 and 29b are formed on the internal surface
(on the side of the liquid crystal layer) of the common
electrode 9 formed in the lower substrate 10 in both of

the transmissive display region T and the reflective dis-
play region R.
[0072] The respective protrusions 28 and 29b are
cone-shaped or polypyramid-shaped so as to protrude
from the internal surface of the substrate (the main sur-
face of the electrode) to the inside of the liquid crystal
layer 50. The height L2 of the protrusions 28 formed in
the transmissive display region T is (for example, about
1.5 to 2 times) larger than the height L1 of the protrusions
29 formed in the reflective display region R. To be spe-
cific, L2 = 2.0 Pm and L1 = 1.0 Pm. In this case, the height
of the protrusions 28 is about 2 times larger than the
height of the protrusions 29. Also, the protrusions 28 and
29 include at least a surface (including a slowly curved
shape) tilted at a predetermined angle with respect to the
internal surface of the substrate (the main surface of the
electrode) to control the direction in which the liquid crys-
tal molecules(LC) fall along the tilted surface.
[0073] On the other hand, in the pixel electrode 31
formed on the internal surface of the upper substrate 25,
the slits 32 obtained by partially cutting the pixel elec-
trodes are formed. A distorted electric field is generated
between the respective electrodes 9 and 31 by providing
the slits 32. The directions in which the liquid crystal mol-
ecules vertically aligned in an initial state fall when a volt-
age is applied are controlled by the distorted electric field.
Also, as illustrated in Fig. 4(a), the slits 32 formed in the
pixel electrode 31 are formed to surround the protrusions
28 and 29 formed in the common electrode 9. As a result,
it is possible to radically control the directions in which
the liquid crystal molecules (LC) fall along the periphery
of the protrusions 28 and 29.
[0074] Furthermore, in the liquid crystal display device
200 according to the present embodiment, on the side
of the liquid crystal layer 50 of the region formed by over-
lapping the colored layers 22R, 22G, and 22B, the pro-
trusions 29a that protrude from the insulating layer 26
that is the liquid crystal layer thickness-adjusting layer to
the liquid crystal layer 50 are formed. Therefore, the pro-
trusions 29a are used as the means (instead of the spac-
ers) for controlling the thickness of the liquid crystal layer
50. That is, the region formed by overlapping the colored
layers 22R, 22G, and 22B protrudes above the other re-
gions by the amount the colored layers overlap. However,
when the insulating layer 26 is formed so as to cover the
overlapped colored layers and the protrusions 29a are
further formed, the protrusions 29a protrude outermost
inside the substrate. As a result, it is possible to use the
protrusions 29a as the means for controlling the thick-
ness of the liquid crystal layer. Therefore, it is possible
to maintain the thickness of the liquid crystal layer to be
uniform in the substrate without additionally providing the
spacers.
[0075] Also, the protrusions 29a are formed in the
same process as the protrusions 28 and 29b formed in
the transmissive display region T and the reflective dis-
play region R in order to improve the manufacturing ef-
ficiency and have the height almost equal to the height

17 18 



EP 1 484 633 B1

11

5

10

15

20

25

30

35

40

45

50

55

of the protrusions 29b. Therefore, it is possible to use the
protrusions 29a as the means for controlling the thick-
ness of the liquid crystal layer and to prevent the protru-
sions 28 and 29b formed in the transmissive display re-
gion T and the reflective display region R from contacting
the opposite substrate 25. Therefore, it is possible to con-
trol the alignment of the liquid crystal molecules.
[0076] According to the liquid crystal display device
200 having the above structure, it is possible to obtain
several effects that the liquid crystal display device 100
according to the first embodiment has and to form the
black matrix (BM) without separately using chromium.
Therefore, it is possible to improve the manufacturing
efficiency, to reduce manufacturing costs, and to prevent
environments from being damaged due to the abandon-
ment of the chromium. Also, since it is possible to control
the thickness of the liquid crystal layer without addition-
ally using the spacers, it is possible to improve the man-
ufacturing efficiency and to reduce the manufacturing
costs. Furthermore, it is possible to correctly control the
alignment of the liquid crystal molecules by the protru-
sions 28 and 29b and to thus improve the visual charac-
teristics of display.
[0077] Next, one manufacturing process of the liquid
crystal display device 200 according to the second em-
bodiment will be described with reference to Fig. 4(b).
The process of manufacturing the liquid crystal display
device 200 includes a process of manufacturing the lower
substrate 10, a process of manufacturing the upper sub-
strate 25, and a process of attaching the lower substrate
10 to the upper substrate 25 with the liquid crystal mate-
rial interposed between the lower substrate 10 and the
upper substrate 25. The respective processes will now
be described in detail.

(Process of Manufacturing Lower Substrate 10)

[0078] First, the reflective film 20 mainly made of the
metal material such as A1 is formed on the base material
corresponding to the substrate main body 10A in a pre-
determined pattern (in the region corresponding to the
reflective display region R). Subsequently, the color filter
22 including the respective colored layers of the R, G,
and B colors is formed on the almost entire surface of
the substrate main body 10A having the reflective film
20. Also, in the process of forming the color filter 22, the
respective colored layers 22R, 22G, and 22B overlap
each other in the inter-dot region in plan view. Such a
pattern can be formed using the photolithography meth-
od. Here, in the color filter 22, in the region where the
respective colored layers 22R, 22G, and 22B overlap
each other, the convex portions obtained by stacking the
colored layers are formed.
[0079] After forming the color filter 22, the insulating
film 26 that is the liquid crystal thickness controlling layer
mainly made of the acryl resin is selectively formed so
as to cover the color filter 22 in the region where the
reflective film 20 is formed. In this case, the same convex

portions are formed in the insulating film 26 in the inter-
dot region in accordance with the above-mentioned con-
vex portions of the color filter 22.
[0080] Then, on the substrate main body 10A having
the reflective film 20, the color filter 22, and the insulating
film 26, the transparent electrode 9 in strips is mainly
made of the ITO by the deposition method. Also, the pat-
tern in strips may be formed by the mask deposition or
the etching.
[0081] Subsequently, on the transparent electrode 9
formed on the substrate main body 10A, the protrusions
29b, the protrusions 28, and the protrusions 29a formed
of the dielectric material are formed in the region where
the reflective film 20 is formed, in the region where the
reflective film 20 is not formed, and in the inter-dot region,
respectively. Also, in particular, the protrusions 29a are
formed in the convex portions of the insulating film 26.
Here, the heights of the protrusions 28 and 29b that pro-
trude from the surface of the transparent electrode 9 are
different from each other. According to the present em-
bodiment, for example, the height L2 of the protrusions
28 is 2 times larger than the height L1 of the protrusions
29. The method of making the heights different is the
same as that of the first embodiment. On the other hand,
the protrusions 29a formed in the inter-dot region are
formed in the same height controlling process as the pro-
trusions 29b in order to make the protrusions 29a have
the height almost equal to the height of the protrusions
29b formed in the reflective display region R.
[0082] On the almost entire surface of the transparent
electrode 9 including the protrusions 28, 29a, and 29b
formed by the above method, the alignment film 27 of
vertical alignment, which is made of polyimide, is formed.
Also, the alignment process such as rubbing is not per-
formed on the alignment film 27.
[0083] On the other hand, on the surface opposite to
the surface on which the transparent electrode 9 of the
substrate main body 10A is formed, the retardation plate
18 and the polarization plate 19 made of the 1/4 wave-
length plate are formed to thus obtain the lower substrate
10.

(Process of Manufacturing Upper Substrate 25)

[0084] First, the transparent electrode 31 in a matrix,
which is mainly made of the ITO, is formed on a base
material corresponding to the substrate main body 25A
by the sputtering method or the deposition method. Also,
the pattern in a matrix may be formed by the mask dep-
osition or the etching. The slits 32 are formed at the same
time of forming the pattern in a matrix. Subsequently, the
alignment film 33 of vertical alignment made of polyimide
is formed on the almost entire surface of the transparent
electrode 31 formed on the substrate main body 25A.
Also, the alignment process such as rubbing is not per-
formed on the alignment film 33.
[0085] On the other hand, the retardation plate 16 and
the polarization plate 17 made of the 1/4 wavelength plate
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are formed on the surface opposite to the surface on
which the transparent electrode 31 of the substrate main
body 25A is formed to thus obtain the upper substrate 25.

(Process of Attaching Substrates)

[0086] The upper substrate 25 and the lower substrate
10 obtained by the above method are attached to each
other under vacuum through the sealing material made
of UV-hardening resin, in which the liquid crystal implant-
ing hole is formed. The liquid crystal material is implanted
into the attached substrates from the liquid crystal im-
planting hole by the vacuum implanting method. After
implanting the liquid crystal material, the liquid crystal
implanting hole is sealed by the sealing material to thus
obtain the liquid crystal display device 200 according to
the present embodiment. Also, according to the present
embodiment, a liquid crystal material whose dielectric
anisotropy is negative is used as the liquid crystal mate-
rial.

[Third Embodiment]

[0087] A liquid crystal display device according to a
third embodiment will now be described with reference
to the drawings. Fig. 5 is a schematic view illustrating the
planar structure (a) and the sectional structure (b) of the
liquid crystal display device 300 according to the third
embodiment corresponding to Fig. 4 according to the
second embodiment. The structure of the liquid crystal
display device 300 according to the third embodiment is
almost identical with the structure of the liquid crystal
display device 200 illustrated in Fig. 4 except that the
color filter 22 is formed in the upper substrate 25, as
compared to the second embodiment. Therefore, de-
scription of the same members denoted by the reference
numerals of Fig. 4 will be omitted.
[0088] According to the liquid crystal display device
300 according to the third embodiment, in an example of
a transflective liquid crystal display device in an active
matrix using a thin film transistor (TFT) as a switching
element, liquid crystal whose molecules are vertically
aligned in an initial state, that is, a liquid crystal layer 50
made of a liquid crystal material whose dielectric anisot-
ropy is negative, is interposed between an lower sub-
strate (an element substrate) 10 and an upper substrate
(a counter substrate) 25 arranged to face the upper sub-
strate.
[0089] In the lower substrate 10, the transflective film
20 made of the metal film having the high reflectance
ratio such as aluminum and silver is selectively formed
on the surface of the substrate main body 10A in a pre-
determined pattern, to be specific, in the reflective display
region R. Furthermore, a transparent electrode 9a of a
predetermined pattern is formed in the region where the
reflective film 20 is not formed, that is, in the transmissive
display region T. The reflective film 20 and the transpar-
ent electrode 9a make a pair to thus form a pixel electrode

in a matrix. Also, slits 9b and 20b obtained by partially
cutting the pixel electrode are formed in the pixel elec-
trode so that the distorted electric field is generated in
the slits 9b and 20b. Also, the alignment film 27 of vertical
alignment is formed on the pixel electrode.
[0090] On the other hand, in the upper substrate 25,
the color filter 22 including the region in which the re-
spective colored layers 22R, 22G, and 22B overlap each
other is formed on the surface of the substrate main body
25A. The insulating film 26 that is the liquid crystal layer
thickness-adjusting layer and a common electrode 31a
formed over the entire surface are provided on the color
filter 22. Also, the protrusions 28, 29b, and 29a are
formed on the common electrode 31a and in the trans-
missive display region, the reflective display region, and
the inter-dot region, respectively. The structures of the
protrusions 28, 29a, and 29b are the same as those of
the second embodiment.
[0091] As mentioned above, according to the present
embodiment, in the inter-dot region of the color filter 22
among the pixel electrodes, the black matrix (BM) ob-
tained by stacking the respective colored layers 22R,
22G, and 228 is formed. To be specific, in the inter-dot
region adjacent to the reflective display region R, the re-
spective colored layers 22R, 22G, and 22B overlap each
other in plan view and black is displayed by the stacked
substance. Also, as a result of stacking the respective
colored layers, in the inter-dot region, the thickness of
the color filter 22 is determined by the amount the colored
layers are stacked.
[0092] As mentioned above, according to the liquid
crystal display device 300 including the color filter 22 in
which the black matrix is obtained by stacking the re-
spective colored layers 22R, 22G, and 22B in the upper
substrate 25, it is possible to obtain several effects that
the liquid crystal display device 100 according to the first
embodiment and the liquid crystal display device 200 ac-
cording to the second embodiment have. Description of
the method of manufacturing the liquid crystal display
device according to the third embodiment will be omitted
since it is almost the same as the method of manufac-
turing the liquid crystal display device according to the
second embodiment except that the color filter 22 is
formed in the upper substrate 25.

[Fourth Embodiment]

[0093] A liquid crystal display device according to a
fourth embodiment will now be described with reference
to the drawings. Fig. 6 is a schematic view illustrating the
planar structure (a) and the sectional structure (b) of the
liquid crystal display device 400 according to the fourth
embodiment corresponding to Fig. 4 according to the
second embodiment. The structure of the liquid crystal
display device 400 according to the fourth embodiment
is almost identical with the structure of the liquid crystal
display device 200 illustrated in Fig. 4 except that the
formed protrusions 28 are formed in the upper substrate
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25 in the transmissive display region T, as compared to
the second embodiment. Therefore, description of the
same members denoted by the reference numerals of
Fig. 4 will be omitted.
[0094] As mentioned above, it is not necessary to form
the protrusions 28 and 29b for controlling the alignment
of the liquid crystal molecules in the same substrate. Like
in the present embodiment, even when the protrusions
are formed in the different substrates, it is possible to
obtain the same effects as the effects that can be ob-
tained when the protrusions are formed in the same sub-
strate. Also, the protrusions 29a for controlling the thick-
ness of the liquid crystal layer may be provided in any
one of the upper substrate and the lower substrate.

[Electronic Apparatus]

[0095] A detailed example of an electronic apparatus
including the liquid crystal display device according to
the present embodiment of the present invention will now
be described.
[0096] Fig. 7 is a perspective view illustrating an ex-
ample of a mobile telephone. In Fig. 7, reference numer-
als 1000 and 1001 denote a mobile telephone main body
and a display portion using the liquid crystal display de-
vice, respectively. Since such an electronic apparatus
includes a display portion using the liquid crystal display
device according to the present embodiment, it is possi-
ble to realize an electronic apparatus having a liquid crys-
tal display portion with high contrast and a wide viewing
angle, which is not dependent on use environments.
[0097] While this invention has been particularly
shown and described with reference to preferred embod-
iments thereof, it will be understood by those skilled in
the art that various changes in form and details may be
made therein without departing from the scope of the
invention. For example, according to the above embod-
iments, the retardation plate is a single plate, however,
may be a stacked substance obtained by stacking a 1/2
wavelength plate and a 1/4 wavelength plate. The
stacked substance functions as a wideband circular po-
larizer and can make black display achromatic. Also, the
shapes of the protrusions and the electrode slits formed
in the present embodiments are not limited to the struc-
tures of the above embodiments. The protrusions and
the electrode slits may have any shapes suitable for con-
trolling the directions in which the vertically aligned liquid
crystal molecules fall.

Claims

1. A liquid crystal display device in which a liquid crystal
layer is interposed between a pair of substrates (10,
25) and a transmissive display region (T) and a re-
flective display region (R) are provided in one dot
region,
wherein the liquid crystal layer (50) is made of liquid

crystal whose dielectric anisotropy is negative, the
liquid crystal display device being arranged such that
the liquid crystal is vertically aligned in an initial state,
wherein a liquid crystal layer thickness-adjusting lay-
er (26) for making the thickness of the liquid crystal
layer in the reflective display region smaller than the
thickness of the liquid crystal layer in the transmis-
sive display region is formed between at least one
substrate of the pair of substrates and the liquid crys-
tal layer,
wherein convex portions (28) that protrude from an
internal surface of at least one of the substrates to
the inside of the liquid crystal layer are provided as
alignment-regulating means for regulating the align-
ment of the liquid crystal in the transmissive display
region;
characterized in that:

such convex portions (29) are also provided in
the reflective display region, and
the height of the convex portions is larger in the
transmissive display region than in the reflective
display region.

2. The liquid crystal display device according to Claim
1,
wherein the convex portions have surfaces inclined
at a predetermined angle with respect to the surfaces
of the substrate.

3. The liquid crystal display device according to Claim
1 or 2,
wherein electrodes (9, 31) for driving the liquid crys-
tal are provided on the liquid crystal layer sides of
the pair of substrates, and
wherein the convex portions are formed on at least
one electrode of the electrodes facing the liquid crys-
tal layer.

4. The liquid crystal display device according to Claim
3,
wherein an alignment film (27, 33) for vertically align-
ing the liquid crystal is formed on the convex portions
and the internal surface of the electrodes facing the
liquid crystal layer.

5. The liquid crystal display device according to any
one of Claims 1 to 4,
wherein circular polarizers (16, 17, 18, 19) for making
circularly polarized light incident on the liquid crystal
layer are provided on the sides of the pair of sub-
strates opposite to the liquid crystal layer, respec-
tively.

6. The liquid crystal display device according to any
one of Claims 1 to 5,
wherein an upper substrate (25) and a lower sub-
strate (10) are provided as the pair of substrates,
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wherein a backlight (15) for transmissive display is
provided on the side of the lower substrate opposite
to the liquid crystal layer, and
wherein a reflective layer (20) selectively formed in
the reflective display region is formed on the side of
the lower substrate facing the liquid crystal layer.

7. The liquid crystal display device according to any
one of Claims 1 to 6,
wherein a color filter layer (22) is provided on the
liquid crystal layer sides of at least one substrate of
the pair of substrates,
wherein the color filter layer has a plurality of colored
layers, and
wherein the plurality of colored layers overlap each
other in an inter-dot region in plan view.

8. The liquid crystal display device according to Claim
7,
wherein the liquid crystal layer thickness-adjusting
layer and second convex portions that protrude from
the liquid crystal layer thickness-adjusting layer to
the liquid crystal layer are formed on the side of the
liquid crystal layer in the region where the colored
layers overlap each other in plan view.

9. The liquid crystal display device according to Claim
8,
wherein the second convex portions are made of the
same material as the convex portions formed in the
transmissive display region and the reflective display
region.

10. The liquid crystal display device according to Claim
8 or 9,
wherein the height of the second convex portions is
almost equal to that of the convex portions formed
in the reflective display region.

11. An electronic apparatus comprising the liquid crystal
display device according to any one of claims 1 to 10.

12. A method of manufacturing the liquid crystal display
device according to any one of Claims 1 to 10, com-
prising a convex portion forming step of coating a
substrate with a photosensitive resin, and exposing
and developing the photosensitive resin through a
mask,
wherein the thickness of the photosensitive resin
with which the substrate is coated is different in the
transmissive display region from that in the reflective
display region.

13. The method of manufacturing the liquid crystal dis-
play device according to Claim 12, further comprising
a substrate fabricating step of forming a reflective
film of a predetermined pattern on a base material,
wherein the thickness of the photosensitive resin lay-

er is smaller in the region where the reflective film is
formed than in the transmissive display region.

14. A method of manufacturing the liquid crystal display
device according to any one of Claims 1 to 10, com-
prising a convex portion forming step of coating a
substrate with a photosensitive resin, and exposing
and developing the photosensitive resin through a
mask,
wherein the amount of exposure of the photosensi-
tive resin in the transmissive display region and in
the reflective display region is different.

15. The method of manufacturing the liquid crystal dis-
play device according to Claim 14, further comprising
a substrate fabricating step of forming a reflective
film of a predetermined pattern on a base material,
wherein the amount of exposure of the photosensi-
tive resin in the region in which the reflective film is
formed is different from the amount of exposure of
the photosensitive resin in the region in which the
reflective film is not formed.

16. The method of manufacturing the liquid crystal dis-
play device according to any one of Claims 12 to 15,
further comprising

a step of forming a color filter including a plurality
of colored layers on a base material, wherein in
the color filter layer forming step, the plurality of
colored layers overlap each other in an inter-dot
region in plan view; and
a step of forming an insulating layer so as to
cover the colored layers that overlap each other
and forming second convex portions protruding
from the insulating layer, above the insulating
layer,

wherein the convex portions and the second convex
portions are formed in the same step.

Patentansprüche

1. Flüssigkristallanzeigevorrichtung, in der eine Flüs-
sigkristallschicht zwischen einem Paar von Substra-
ten (10, 25) eingefügt ist und ein transmissiver An-
zeigebereich (T) und ein reflektiver Anzeigebereich
(R) in einem Punktbereich bereitgestellt sind,
wobei die Flüssigkristallschicht (50) aus einem Flüs-
sigkristall hergestellt ist, dessen dielektrische Aniso-
tropie negativ ist, wobei die Flüssigkristallanzeige-
vorrichtung derart angeordnet ist, dass der Flüssig-
kristall in einem Anfangszustand vertikal ausgerich-
tet ist,
wobei eine Flüssigkristallschicht-Dickeneinstel-
lungsschicht (26), die die Dicke der Flüssigkristall-
schicht im reflektiven Anzeigebereich kleiner macht
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als die Dicke der Flüssigkristallschicht im transmis-
siven Anzeigebereich, zwischen mindestens einem
Substrat des Paares von Substraten und der Flüs-
sigkristallschicht gebildet ist,
wobei konvexe Abschnitte (28), die von einer Innen-
fläche mindestens eines der Substrate zu der Innen-
seite der Flüssigkristallschicht vorstehen, als Aus-
richtungsregulierungsmittel bereitgestellt sind, um
die Ausrichtung des Flüssigkristalls im transmissi-
ven Anzeigebereich zu regulieren;
dadurch gekennzeichnet, dass:

solche konvexen Abschnitte (29) auch im reflek-
tiven Anzeigebereich bereitgestellt sind, und
die Höhe der konvexen Abschnitte im transmis-
siven Anzeigebereich größer ist als im reflekti-
ven Anzeigebereich.

2. Flüssigkristallanzeigevorrichtung nach Anspruch 1,
wobei die konvexen Abschnitte Oberflächen haben,
die in einem vorbestimmten Winkel im Bezug auf die
Oberflächen des Substrates geneigt sind.

3. Flüssigkristallanzeigevorrichtung nach Anspruch 1
oder 2,
wobei Elektroden (9, 31) zum Ansteuern des Flüs-
sigkristalls auf den Flüssigkristallschichtseiten des
Paares von Substraten bereitgestellt sind, und
wobei die konvexen Abschnitte auf mindestens einer
Elektrode der Elektroden gebildet sind, die der Flüs-
sigkristallschicht zugewandt sind.

4. Flüssigkristallanzeigevorrichtung nach Anspruch 3,
wobei ein Ausrichtungsfilm (27, 33) zum vertikalen
Ausrichten des Flüssigkristalls auf den konvexen
Abschnitten und der Innenfläche der Elektroden, die
der Flüssigkristallschicht zugewandt sind, gebildet
ist.

5. Flüssigkristallanzeigevorrichtung nach einem der
Ansprüche 1 bis 4,
wobei kreisförmige Polarisatoren (16, 17, 18, 19),
die kreisförmig polarisiertes Licht auf die Flüssigkri-
stallschicht fallen lassen, an den Seiten des Paares
von Substraten jeweils gegenüber der Flüssigkri-
stallschicht bereitgestellt sind.

6. Flüssigkristallanzeigevorrichtung nach einem der
Ansprüche 1 bis 5,
wobei ein oberes Substrat (25) und ein unteres Sub-
strat (10) als das Paar von Substraten bereitgestellt
sind,
wobei ein Gegenlicht (15) zur transmissiven Anzeige
an der Seite des unteren Substrats gegenüber der
Flüssigkristallschicht bereitgestellt ist, und
wobei eine reflektive Schicht (20), die selektiv im re-
flektiven Anzeigebereich gebildet ist, an der Seite
des unteren Substrats gebildet ist, die der Flüssig-

kristallschicht zugewandt ist.

7. Flüssigkristallanzeigevorrichtung nach einem der
Ansprüche 1 bis 6,
wobei eine Farbfilterschicht (22) an den Flüssigkri-
stallschichtseiten mindestens eines Substrats des
Paares von Substraten bereitgestellt ist,
wobei die Farbfilterschicht mehrere farbige Schich-
ten aufweist, und
wobei die mehreren farbigen Schichten einander in
einem Zwischenpunktbereich in der Draufsicht über-
lappen.

8. Flüssigkristallanzeigevorrichtung nach Anspruch 7,
wobei die Flüssigkristallschicht-Dickeneinstellungs-
schicht und zweite konvexe Abschnitte, die von der
Flüssigkristallschicht-Dickeneinstellungsschicht zu
der Flüssigkristallschicht vorstehen, an der Seite der
Flüssigkristallschicht in dem Bereich gebildet sind,
wo die mehreren farbigen Schichten einander in der
Draufsicht überlappen.

9. Flüssigkristallanzeigevorrichtung nach Anspruch 8,
wobei die zweiten konvexen Abschnitte aus demsel-
ben Material hergestellt sind wie die konvexen Ab-
schnitte, die im transmissiven Anzeigebereich und
im reflektiven Anzeigebereich gebildet sind.

10. Flüssigkristallanzeigevorrichtung nach Anspruch 8
oder 9,
wobei die Höhe der zweiten konvexen Abschnitte
annähernd gleich jener der konvexen Abschnitte ist,
die im reflektiven Anzeigebereich gebildet sind.

11. Elektronisches Gerät, umfassend die Flüssigkristall-
anzeigevorrichtung nach einem der Ansprüche 1 bis
10.

12. Verfahren zur Herstellung der Flüssigkristallanzei-
gevorrichtung nach einem der Ansprüche 1 bis 10,
umfassend einen Bildungsschritt für den konvexen
Abschnitt zum Beschichten eines Substrats mit ei-
nem fotoempfindlichen Harz und Belichten und Ent-
wickeln des fotoempfindlichen Harzes durch eine
Maske,
wobei die Dicke des fotoempfindlichen Harzes, mit
dem das Substrat beschichtet ist, im transmissiven
Anzeigebereich anders ist als im reflektiven Anzei-
gebereich.

13. Verfahren zur Herstellung der Flüssigkristallanzei-
gevorrichtung nach Anspruch 12, des Weiteren um-
fassend einen Substratherstellungsschritt zur Bil-
dung eines reflektiven Films in einem vorbestimmten
Muster auf einem Grundmaterial,
wobei die Dicke der fotoempfindlichen Harzschicht
in dem Bereich, wo der reflektive Film gebildet ist,
kleiner ist als im transmissiven Anzeigebereich.
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14. Verfahren zur Herstellung der Flüssigkristallanzei-
gevorrichtung nach einem der Ansprüche 1 bis 10,
umfassend einen Bildungsschritt für den konvexen
Abschnitt zum Beschichten eines Substrats mit ei-
nem fotoempfindlichen Harz und Belichten und Ent-
wickeln des fotoempfindlichen Harzes durch eine
Maske,
wobei das Belichtungsausmaß des fotoempfindli-
chen Harzes im transmissiven Anzeigebereich und
im reflektiven Anzeigebereich unterschiedlich ist.

15. Verfahren zur Herstellung der Flüssigkristallanzei-
gevorrichtung nach Anspruch 14, des Weiteren um-
fassend einen Substratherstellungsschritt zur Bil-
dung eines reflektiven Films in einem vorbestimmten
Muster auf einem Grundmaterial,
wobei das Belichtungsausmaß des fotoempfindli-
chen Harzes in dem Bereich, in dem der reflektive
Film gebildet ist, anders ist als das Belichtungsaus-
maß des fotoempfindlichen Harzes in dem Bereich,
in dem der reflektive Film nicht gebildet ist.

16. Verfahren zur Herstellung der Flüssigkristallanzei-
gevorrichtung nach einem der Ansprüche 12 bis 15,
des Weiteren umfassend:

einen Schritt zum Bilden eines Farbfilters, der
mehrere farbige Schichten enthält, auf einem
Grundmaterial, wobei in dem Farbfilterschicht-
bildungsschritt die mehreren farbigen Schichten
einander in einem Zwischenpunktbereich in der
Draufsicht überlappen; und
einen Schritt zum Bilden einer Isolierschicht, so
dass die farbigen Schichten, die einander über-
lappen, bedeckt sind, und zum Bilden zweiter
konvexer Abschnitte, die von der Isolierschicht
vorstehen, über der Isolierschicht,

wobei die konvexen Abschnitte und die zweiten kon-
vexen Abschnitte in demselben Schritt gebildet wer-
den.

Revendications

1. Dispositif d’affichage à cristaux liquides pour lequel
une couche à cristaux liquides est intercalée entre
une paire de substrats (10, 25) et pour lequel une
zone d’affichage transmissif (T) et une zone d’affi-
chage réflectif (R) sont fournies dans une zone à
points,
la couche à cristaux liquides (50) étant formée par
des cristaux liquides dont l’anisotropie diélectrique
est négative, le dispositif d’affichage à cristaux liqui-
des étant étudié de manière à ce que les cristaux
liquides soient alignés verticalement dans un état
initial,
une couche d’ajustement de l’épaisseur de la couche

à cristaux liquides (26) pour rendre l’épaisseur de la
couche à cristaux liquides dans la zone d’affichage
réflectif moins importante que l’épaisseur de la cou-
che à cristaux liquides dans la zone d’affichage
transmissif, étant formée entre au moins un substrat
de la paire de substrats et la couche à cristaux liqui-
des,
des parties convexes (28) qui dépassent d’une sur-
face interne de l’au moins un des substrats vers l’in-
térieur de la couche à cristaux liquides, étant fournies
en tant que moyen de régulation de l’alignement pour
réguler l’alignement des cristaux liquides dans la zo-
ne d’affichage transmissif ;
caractérisé en ce que :

de telles parties convexes (29) sont également
fournies dans la zone d’affichage réflectif, et
la hauteur des parties convexes étant plus im-
portante dans la zone d’affichage transmissif
qu’elle ne l’est dans la zone d’affichage réflectif.

2. Dispositif d’affichage à cristaux liquides selon la re-
vendication 1,
où les parties convexes possèdent des surfaces in-
clinées selon un angle prédéfinit par rapport aux sur-
faces du substrat.

3. Dispositif d’affichage à cristaux liquides selon les re-
vendications 1 ou 2,
où des électrodes (9, 31) pour commander les cris-
taux liquides sont fournies sur les côtés de la couche
à cristaux liquides de la paire de substrats ; et
où les parties convexes sont formées sur au moins
une électrode parmi les électrodes faisant face à la
couche à cristaux liquides.

4. Dispositif d’affichage à cristaux liquides selon la re-
vendication 3,
où une pellicule d’alignement (27, 33) pour l’aligne-
ment vertical des cristaux liquides est formée sur les
parties convexes et la surface interne des électrodes
faisant face à la couche à cristaux liquides.

5. Dispositif d’affichage à cristaux liquides selon l’une
quelconque des revendications 1 à 4,
où des polariseurs circulaires (16, 17, 18, 19) pour
rendre de la lumière polarisée circulairement inci-
dente sur la couche à cristaux liquides, sont fournis
sur les côtés de la paire de substrats respectivement
opposés à la couche à cristaux liquides.

6. Dispositif d’affichage à cristaux liquides selon l’une
quelconque des revendications 1 à 5,
où un substrat supérieur (25) et un substrat inférieur
(10) sont fournis en tant que paire de substrats,
un éclairage de fond (15) pour l’affichage transmissif
étant fournit sur le côté du substrat inférieur en op-
position à la couche à cristaux liquides, et
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une couche réflective (20) sélectivement formée
dans la zone d’affichage réflectif étant formée sur le
côté du substrat inférieur faisant face à la couche à
cristaux liquides.

7. Dispositif d’affichage à cristaux liquides selon l’une
quelconque des revendications 1 à 6,
où une couche d’écran coloré (22) est fournie sur
les côtés de la couche à cristaux liquides de l’un au
moins des substrats de la paire de substrats,
la couche d’écran coloré possédant une pluralité de
couches colorées, et
la pluralité des couches colorées se chevauchant
les unes les autres dans une zone entre les points
en vue en plan.

8. Dispositif d’affichage à cristaux liquides selon la re-
vendication 7,
- où la couche d’ajustement de l’épaisseur de la cou-
che à cristaux liquides et des deuxièmes parties con-
vexes dépassant de la couche d’ajustement de
l’épaisseur de la couche à cristaux liquides vers la
couche à cristaux liquides, sont formées sur le côté
de la couche à cristaux liquides dans une zone où
les couches colorées se chevauchent les unes les
autres en vue en plan.

9. Dispositif d’affichage à cristaux liquides selon la re-
vendication 8,
où les deuxièmes parties convexes sont formées par
la même matière que les parties convexes formées
dans la zone d’affichage transmissif et la zone d’af-
fichage réflectif.

10. Dispositif d’affichage à cristaux liquides selon les re-
vendications 8 ou 9,
où la hauteur des deuxièmes parties convexes et
presque égale à celle des parties convexes formées
dans la zone d’affichage réflectif.

11. Appaieil électronique comprenant le dispositif d’affi-
chage à cristaux liquides selon l’une quelconque des
revendications 1 à 10.

12. Procédé de fabrication d’un dispositif d’affichage à
cristaux liquides selon l’une quelconque des reven-
dications 1 à 10, comprenant une étape de formation
d’une partie convexe consistant à revêtir un substrat
avec une résine photosensible, et à exposer et dé-
velopper la résine photosensible grâce à un masque,
l’épaisseur de la résine photosensible avec laquelle
le substrat est revêtu étant différente dans la zone
d’affichage transmissif qu’elle ne l’est dans la zone
d’affichage réflectif.

13. Procédé de fabrication du dispositif d’affichage à
cristaux liquides selon la revendication 12, compre-
nant par ailleurs une étape de fabrication d’un subs-

trat consistant à former une pellicule réflective d’un
motif prédéfinit sur une matière de base,
l’épaisseur de la couche de résine photosensible
étant plus faible dans la zone où la pellicule réflective
est formée qu’elle ne l’est dans la zone d’affichage
transmissif.

14. Procédé de fabrication d’un dispositif d’affichage à
cristaux liquides selon l’une quelconque des reven-
dications 1 à 10, comprenant une étape de formation
d’une partie convexe consistant à revêtir un substrat
d’une résine photosensible, et à exposer et dévelop-
per la résine photosensible grâce à un masque,
la dose d’exposition de la résine photosensible dans
la zone d’affichage transmissif étant différente de ce
qu’elle est dans la zone d’affichage réflectif.

15. Procédé de fabrication d’un dispositif d’affichage à
cristaux liquides selon la revendication 14, compre-
nant par ailleurs une étape de fabrication d’un subs-
trat consistant à former une pellicule réflective d’un
motif prédéfinit sur une matière de base,
la dose d’exposition de la résine photosensible dans
la zone dans laquelle la pellicule réflective est for-
mée, étant différente de la dose d’exposition de la
résine photosensible dans la zone dans laquelle la
pellicule réflective n’est pas formée.

16. Procédé de fabrication d’un dispositif d’affichage à
cristaux liquides selon l’une quelconque des reven-
dications 12 à 15, comprenant par ailleurs :

une étape de formation d’un écran coloré com-
prenant une pluralité de couches colorées sur
une matière de base, où lors de l’étape de for-
mation de la couche d’écran coloré, la pluralité
des couches colorées se chevauchent les unes
les autres dans une zone entre les points en vue
en plan ; et
une étape de formation d’une couche isolante
de manière à recouvrir les couches colorées se
chevauchant les unes les autres et formant des
deuxièmes parties convexes dépassant de la
couche isolante, au-dessus de la couche isolan-
te,
les parties convexes et les deuxièmes parties
convexes étant formées au cours de la même
étape.
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