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(57) ABSTRACT

A liquid crystal display device includes

alignment regulators

that overlap with the first colored layers in reflective display
regions within dot regions in which the first colored layers are
provided, and the alignment regulators do not overlap with
the second colored layers in the reflective display regions
within dot regions in which the second colored layers are
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisis a continuation patent application of U.S. Ser.
No. 11/203,626 filed Aug. 12, 2005, which claims priority to
Japanese Patent Application No. 2004-256809 filed Sep. 3,
2004 which are hereby expressly incorporated by reference
herein in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a liquid crystal dis-
play device and to an electronic apparatus, and more specifi-
cally, to a technique for achieving display having high bright-
ness and a wider viewing angle both in a reflective mode and
in a transmissive mode in a transflective color liquid crystal
display device using vertical-alignment-type liquid crystal.
[0004] 2. Related Art

[0005] Transflective liquid crystal display devices having
both a reflective mode and a transmissive mode have been
generally known as liquid crystal display devices. As the
transflective liquid crystal display device, a display device
has been suggested in which a liquid crystal layer is inter-
posed between an upper substrate and a lower substrate, and
a reflective film obtained by forming light-transmissive win-
dows in a metal film made of, for example, Al, is provided on
an inner surface of the lower substrate to function as a trans-
flective sheet. In this case, in the reflective mode, external
light incident on the upper substrate passes through the liquid
crystal layer and is then reflected from the reflective film on
the inner surface of the lower substrate. Then, the reflected
light passes through the liquid crystal layer again to be emit-
ted from the upper substrate, thereby contributing to display.
On the other hand, in the transmissive mode, light emitted
from a backlight to the lower substrate passes through the
liquid crystal layer via the windows of the reflective film, and
is then emitted from the upper substrate to the outside,
thereby contributing to display. Therefore, in a region where
the reflective film is formed, a portion thereof where the
window is formed serves as a transmissive display region, and
the other portion serves as a reflective display region.

[0006] However, this type of transflective liquid crystal
display device has a problem in that a viewing angle is narrow
in the transmissive display. The reason is that, since the trans-
flective plate is provided on an inner surface of a liquid crystal
cell to prevent the occurrence of parallax, reflective display
should be performed by using only one polarizing plate pro-
vided on an observer side, which results in a low degree of
flexibility in the optical design. Therefore, in order to solve
this problem, the inventors, M. Jisaki et al., have proposed a
liquid crystal display device using vertical-alignment-type
liquid crystal as disclosed in “Development of transflective
LCD for high contrast and wide viewing angle by using
homeotropic alignment,” M. Jisaki et al., Asia Display/ID W
’01, pp. 133 to 136 (2001). The liquid crystal display device
has the following three features:

[0007] (1) A “VA (vertical alignment) mode’ is used in
which liquid crystal molecules having negative dielectric
anisotropy are vertically aligned with respect to substrates in
an initial state, and are then inclined when a voltage is
applied;
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[0008] (2) A ‘multi-gap structure’ is used in which the
thickness (cell gap) of a liquid crystal layer in a transmissive
display region is different from that in a reflective display
region (for example, see Japanese Unexamined Patent Appli-
cation Publication No. 11-242226); and

[0009] (3) An ‘alignment dividing structure’ is used in
which each transmissive display region is formed in the shape
of aregular octagon, and a projection is provided at the center
of the transmissive display region on a counter substrate to
make the liquid crystal molecules incline in all directions in
the transmissive display region.

[0010] The transflective liquid crystal display device hav-
ing the multi-gap structure, disclosed in Japanese Unexam-
ined Patent Application Publication No. 11-242226, has an
advantage in that electro-optical characteristics (a transmit-
tance-voltage characteristic and a reflectance-voltage charac-
teristic) of the reflective display region are identical to those
of the transmissive display region. The reason is that light
passes through the liquid crystal layer one time in the trans-
missive display region, but it passes through the liquid crystal
layer two times in the reflective display region.

[0011] However, in the paper of Jisaki et al., the directions
in which the liquid crystal molecules in the transmissive
display region are inclined are controlled by a projection
provided at the center of the transmissive display region.
However, the paper does not disclose how to control the
directions in which the liquid crystal molecules in the reflec-
tive display region are inclined at all. When the directions in
which the liquid crystal molecules are inclined are not con-
trolled, the liquid crystal molecules are inclined in random
directions. In this case, a line of discontinuity, referred to as
disclination, appears at boundaries between different liquid
crystal alignment regions, which causes residual images.
Also, since the alignment regions of the liquid crystal have
different viewing angle characteristics, a spotted pattern may
appear when the liquid crystal device is viewed from an
oblique direction. In addition, it is considered that alignment
regulators, such as projections, are provided in the reflective
display regions. However, since the reflective display region
has a narrower gap than the transmissive display region,
alignment disorder of the liquid crystal occurs due to the
alignment regulators when the alignment regulators are pro-
vided in the narrow gap.

SUMMARY

[0012] An advantage of the invention is that it provides a
transflective color liquid crystal display device using vertical-
alignment-type liquid crystal, capable of reliably regulating
directions in which liquid crystal molecules are inclined in a
reflective display region and of achieving display having high
brightness and a wider viewing angle both in a reflective
mode and in a transmissive mode. Another advantage of the
invention is that it provides an electronic apparatus including
the liquid crystal display device therein, so that the electronic
apparatus has a high level of visibility.

[0013] According to an aspect of the invention, a liquid
crystal display device includes a pair of substrates; a liquid
crystal layer that is formed between the pair of substrates, and
that is composed of liquid crystal having negative dielectric
anisotropy, the liquid crystal being vertically aligned in an
initial state; dot regions each having a transmissive display
region and a reflective display region; a liquid-crystal-layer-
thickness adjusting layer that is provided between the liquid
crystal layer and at least one of the pair of substrates to make
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the thickness of the liquid crystal layer in the reflective dis-
play region smaller than the thickness of the liquid crystal
layer in the transmissive display region; a color filter layer
that includes plural types of colored layers having different
colors corresponding to the respective dot regions, and that is
provided on at least one of the pair of substrates; and align-
ment regulators that are provided on an inner surface of at
least one of the pair of substrates to regulate the alignment of
the liquid crystal in the reflective display regions. In the liquid
crystal display device, a colored region having the colored
layer formed therein and a non-colored region not having the
colored layer formed therein are provided in a portion of the
colored layer that is arranged in the reflective display region,
and the alignment regulators are arranged so as to overlap the
non-colored regions of the color filter layer in the reflective
display regions in plan view. In the liquid crystal display
device of the invention, it is preferable that electrodes for
driving the liquid crystal be provided on inner surfaces of the
pair of substrates, respectively, and that each alignment regu-
lator be composed of an electrode slit (for example, a slit-
shaped opening) formed by cutting out a portion of the elec-
trode or a dielectric projection provided on the electrode.

[0014] Theliquidcrystal display device of the invention has
a structure for properly controlling the alignment direction of
liquid crystal molecules by incorporating liquid crystal of a
vertical alignment mode into a transflective liquid crystal
display device and by additionally providing a liquid-crystal-
layer-thickness adjusting layer for making retardation in the
reflective display region substantially equal to that in the
transmissive display region (that is, by additionally providing
a multi-gap structure). Further, the liquid crystal display
device of the invention includes the color filter layer having a
plurality of colored layers corresponding to the respective dot
regions, which enables a color display. In the transflective
color liquid crystal display device of the invention, light
passes through the colored layer one time in the reflective
mode, and it passes through the colored layer the two times in
the transmissive mode to perform color display. In this case,
when a light coloring material is used for the colored layer,
regarding display in the reflective mode as important, it is
difficult to obtain high-contrast display in the transmissive
mode. On the contrary, when a deep coloring material is used
for the colored layer, regarding display in the transmissive
mode as important, reflected light has a deep color, which
results in dark display. In order to solve these problems, the
following two structures have been suggested: a structure in
which different coloring materials are used for the reflective
display region and the transmissive display region, respec-
tively; and a structure in which non-colored regions (for
example, openings) are formed in the colored layer of the
reflective display region to perform color adjustment in
reflective display. The liquid crystal display device of the
invention adopts the latter structure.

[0015] Inthe invention, since alignment regulators, such as
projections, are arranged in non-colored regions of the col-
ored layer, it is possible to increase the thickness of the liquid
crystal layer in a portion where the alignment regulator is
formed by the thickness of the colored layer in practice. That
is, in a case in which projections are arranged in a region
where the colored layer is formed, when the projections are
formed in the reflective display region and the transmissive
display region by the same process, and when the projections
are formed with a height suitable for the transmissive display
region, the height of the projection is excessively large in the
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reflective display region, which causes the leakage of light to
occur in the vicinity of the projection, resulting in a reduction
in contrast. On the other hand, when the projections are
formed with a height suitable for the reflective display region,
the height of the projection is excessively small in the trans-
missive display region, so that it is difficult to perform suffi-
cient alignment control, which causes a spotted pattern to be
generated due to disclination. On the contrary, when the pro-
jections are arranged in the non-colored region of the colored
layer so as to be buried in the colored layer, the height of the
projection is decreased by a height corresponding to the bur-
ied portion, so that a gap from the top of the projection to a
surface of the counter substrate is increased in practice.
Therefore, good alignment control can be performed in the
reflective display region where the gap is relatively narrow, as
in the transmissive display region.

[0016] In the above-mentioned structure, it is preferable
that one of the plural types of colored layers having a specific
color be arranged such that the colored region thereof over-
laps the alignment regulators in plan view, and that the col-
ored layers having the other colors be arranged such that the
non-colored regions thereof overlap the alignment regulators
in plan view.

[0017] It has been known that a slight shift in color from
white to yellow occurs in the color liquid crystal display
device of a vertical alignment mode when a high voltage is
applied, and the shift in color is a problem to be solved. This
is caused by so-called chromatic dispersion in which a varia-
tion in the retardation of the liquid crystal layer is different for
every color when a voltage is applied. It is possible to reduce
the variation in color to some extent by adjusting the spectrum
of light emitted from, for example, a backlight, in transmis-
sive display. However, since external light difficult to control
is used in reflective display, the shift in color from white to
yellow comes into a serious problem. Meanwhile, in a case in
which the projections are used for controlling the directions
in which the liquid crystal molecules are inclined, when a
voltage is applied, the distribution of an electric field occurs in
the plane in a place where the projection is present and in a
place where the projection is absent, which causes the distri-
bution of brightness to occur in the plane. When a low voltage
is applied, the region where the projection is formed does not
transmit light. However, when a high voltage is applied, the
region where the projection is formed also contributes to
bright display. The invention improves color reproducibility
in the reflective mode by changing the relative position
between the projection and the colored region in the reflective
display region for every color, using the fact that the region
where the projection is formed contributes to bright display
when a high voltage is applied. In the invention, the colored
region is arranged so as to overlap, in plan view, the projection
in a dotregion having a color (for example, blue) whose shade
is light when a low voltage is applied or whose shade is deep
when a high voltage is applied. In addition, the projections of
dot regions having the other colors (for example, red and
green) are arranged at positions corresponding to the non-
colored regions so as not to overlap the colored regions in plan
view. In this structure, when a low voltage is applied, the
liquid crystal molecules positioned around the projections
hardly contribute to bright display. Therefore, the loss of light
corresponding to the area of the projection occurs in the
colored region arranged to overlap the projection, which
results in dark display (light-colored display). Meanwhile,
when a high voltage is applied, the liquid crystal molecules
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positioned around the projections also contribute to bright
display. Therefore, the loss of light is reduced, resulting in
bright display (deep-colored display). As such, according to
the structure of the invention, a deep color tones down when
alow voltage is applied, and a light color is enhanced when a
high voltage is applied, which makes it possible to achieve
display having a high degree of color reproducibility, regard-
less of an applied voltage.

[0018] In the above-mentioned structure, it is preferable
that an area ratio of the colored region to the non-colored
region in the colored layer be set to be most suitable for every
color in consideration of a color balance of each color.
[0019] According to this structure, it is possible to achieve
display having a high degree of color reproducibility in the
reflective display using external light difficult to control by
determining the area ratio according to spectral characteris-
tics of external light. In addition, it is possible to achieve
transmissive display having a high degree of color reproduc-
ibility by determining the area ratio in consideration of spec-
tral characteristics of light emitted from, for example, a back-
light.

[0020] In the above-mentioned structure, it is preferable
that an area ratio of the reflective display region to the trans-
missive display region in each dot region be set to be most
suitable for every color in consideration of a color balance of
each color.

[0021] According to this structure, it is possible to achieve
display having a high degree of color reproducibility in the
reflective display using external light difficult to control by
determining the area ratio according to spectral characteris-
tics of external light. In addition, it is possible to achieve
transmissive display having a high degree of color reproduc-
ibility by determining the area ratio in consideration of spec-
tral characteristics of light emitted from, for example, a back-
light.

[0022] In the above-mentioned structure, it is preferable
that electrodes for driving the liquid crystal be provided on
inner surfaces of the pair of substrates, respectively, and that
each of the electrodes provided on one of the pair of substrates
include a plurality of island-shaped portions and connecting
portions for electrically connecting the plurality of island-
shaped portions in the reflective display region of one dot
region.

[0023] In the invention, a dot region, serving as a display
unit, is divided into a plurality of sub-dot regions, and the
sub-dot regions are connected to each other, so that directions
in which liquid crystal molecules are inclined are controlled
in the unit of the sub-pixel region. According to this structure,
when a voltage is applied, the liquid crystal molecules are
radially inclined with respect to the center of the sub-dot
region by an oblique electric filed generating at the edge of an
electrode portion (island-shaped portion) formed in an island
shape. Thus, it is possible to achieve high-contrast display at
a wide viewing angle in all directions (360°).

[0024] In the above-mentioned structure, it is preferable
that one of the plural types of colored layers having a specific
color be arranged such that the colored region thereof over-
laps a region between adjacent island-shaped portions in plan
view in the reflective display region, and that the colored
layers having the other colors be arranged such that the col-
ored regions thereof do not overlap the region between the
island-shaped portions in plan view.

[0025] It is possible to regard a region between adjacent
island-shaped portions (a region between the island-shaped
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portions) as a kind of electrode slit formed by cutting out a
portion of the electrode. Therefore, the region between adja-
cent island-shaped portions functions to regulate the align-
ment of liquid crystal, similar to the electrode slit (for
example, slit-shaped opening) used as the alignment regula-
tor. The invention improves color reproducibility by changing
the arrangement relationship between the colored region of
the colored layer and the region between the island-shaped
portions, serving as the alignment regulator, for every color.
In the invention, the region between the island-shaped por-
tions is arranged so as to overlap, in plan view, a portion of the
colored region having a color (for example, blue) whose
shade is light when a low voltage is applied or whose shade is
deep when a high voltage is applied. In addition, the colored
regions having the other colors (for example, red and green)
are arranged so as not to overlap the region between the
island-shaped portions in plan view (that is, the colored
region is not provided in a portion corresponding to the region
between the island-shaped portions. In other wards, the
region between the island-shaped portions serves as a non-
colored region). In this structure, when a low voltage is
applied, the liquid crystal molecules positioned in the region
between the island-shaped portions hardly contribute to
bright display. Therefore, the loss of light corresponding to
the area of the projection occurs in the colored region
arranged to overlap the region between the island-shaped
portions, which results in dark display (light-colored dis-
play). Meanwhile, when a high voltage is applied, the liquid
crystal molecules positioned in the region between the island-
shaped portions also contribute to bright display. Therefore,
the loss of light is reduced, resulting in bright display (deep-
colored display). As such, according to the structure of the
invention, a deep color tones down when a low voltage is
applied, and a light color is enhanced when a high voltage is
applied, which makes it possible to achieve display having a
high degree of color reproducibility, regardless of an applied
voltage.

[0026] According to another aspect of the invention, an
electronic apparatus includes the above-mentioned liquid
crystal display device.

[0027] Therefore, it is possible to provide an electronic
apparatus including a display unit having a high degree of
visibility, capable of achieving display having high bright-
ness and a wider viewing angle both in a reflective mode and
in a transmissive mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements, and wherein:

[0029] FIG.1isa circuit diagram of a liquid crystal display
device according to a first embodiment of the invention;
[0030] FIGS. 2A and 2B are plan views illustrating the
structure of one pixel region of the liquid crystal display
device;

[0031] FIG. 3isa cross-sectional view taken along the line
TI-1II of FIG. 2;

[0032] FIGS. 4A and 4B are cross-sectional views illustrat-
ing the operation of the invention;

[0033] FIG.S5isaplan view illustrating the structure of one
pixel region of a liquid crystal display device according to a
second embodiment of the invention;

[0034] FIG. 61is a cross-sectional view taken along the line
VI-VI of FIG. 5;
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[0035] FIGS. 7A and 7B are plan views illustrating the
structure of one pixel of a liquid crystal display device
according to a third embodiment of the invention;

[0036] FIG. 81is a cross-sectional view taken along the line
VII-VIII of FIG. 7,

[0037] FIG. 9 is a cross-sectional view taken along the line
IX-IX of FIG. 7,

[0038] FIGS. 10A and 10B are plan views illustrating the
structure of one pixel of a liquid crystal display device
according to a fourth embodiment of the invention;

[0039] FIG. 11 is across-sectional view taken along the line
XI-XI of FIG. 10;

[0040] FIG.12is across-sectional view taken along the line
XII-X1I of FIG. 10;

[0041] FIG. 13 is a plan view illustrating the structure of
one pixel of a liquid crystal display device according to a fifth
embodiment of the invention; and

[0042] FIG.14isaperspective view illustrating an example
of an electronic apparatus according to the invention.

DESCRIPTION OF THE EMBODIMENTS

[0043] Hereinafter, preferred embodiments of the inven-
tion will be described with reference to the accompanying
drawings. In each drawing, a scale of each layer or member is
adjusted in order to have a recognizable size.

First Embodiment

Liquid Crystal Display Device

[0044] FIG.1is an equivalent circuit diagram of a plurality
of dots arranged in a matrix that constitute an image display
region of a liquid crystal display device 100 according to a
first embodiment of the invention, and FIGS. 2A and 2B are
plan views illustrating the structure of a pixel region of the
liquid crystal display device 100 of the first embodiment.
Specifically, FIG. 2A is a plan view of the pixel region, as
viewed from an element substrate side, and FIG. 2B is a plan
view of the pixel region, as viewed from a counter substrate
side. FIG. 3 is a cross-sectional view illustrating the structure
of the liquid crystal display device 100, taken along the line
III-1IT of FIGS. 2A and 2B.

[0045] Theliquidcrystal display device 100 of this embodi-
ment is an active-matrix transmissive liquid crystal device
that uses thin film transistors (TFTs) as switching elements.
Inthe liquid crystal display device 100 of this embodiment, as
shown in FIG. 1, each of the plurality of dots arranged in a
matrix that constitute the image display region includes a
pixel electrode9 and a TFT 30, serving as a switching element
to control the pixel electrode 9. A data line 6a (electrode line)
to which image signals are supplied is electrically connected
to a source of the TFT 30. Image signals S1, S2,...,Sntobe
written on the data line 6a are line-sequentially supplied in
this order, or they are supplied to adjacent data lines 6a
constituting each group. In addition, a scanning line (elec-
trode line) 3a is electrically connected to a gate of the TFT 30.
Scanning signals G1, G2, . . . , Gm are line-sequentially
applied to a plurality of the scanning lines 3a with pulses at a
predetermined timing. The pixel electrode 9 is electrically
connected to a drain of the TFT element 30, and the TFT 30,
serving as a switching element, is maintained in an on state for
a predetermined period of time to cause the image signals S1,
S2, ..., Sn supplied from the data line 6a to be written at a
predetermined timing.
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[0046] The image signals S1, S2, . .., Sn with predeter-
mined levels, which are written onto liquid crystal through the
pixel electrodes 9, are held between the pixel electrodes and
a common electrode, which will be described later, for a
predetermined period of time. The alignment and order of
liquid crystal molecules are changed depending on the level
of the applied voltage, which causes light to be modulated,
thereby performing gray-scale display. In order to prevent the
leakage of the held image signals, a storage capacitor 70 is
additionally provided parallel to a liquid crystal capacitor that
is formed between the pixel electrode 9 and the common
electrode. Reference numeral 35 denotes a capacitor line.

[0047] Next, the structure of each pixel of the liquid crystal
display device 100 according to this embodiment will be
described with reference to FIGS. 2A and 2B. As shown in
FIG. 2A, in the liquid crystal display device 100 according to
this embodiment, rectangular regions in plan view that are
surrounded by the scanning lines 3a extending parallel to
each other and the data lines 6a extending orthogonal to the
scanning lines 3a serve as dot regions D1 to D3, and a color
filter (colored layer) having any one of the three primary
colors is formed corresponding to one dot region, so that three
color filters 22R, 22G, and 22B corresponding to the three dot
regions D1 to D3 constitute one pixel region. In addition,
these color filters 22R, 22G, and 22B are formed in strip
shapes extending in the vertical direction of FIG. 2A so as to
be laid across the plurality of dot regions in the extending
direction, respectively, and are periodically arranged in the
horizontal direction of FIG. 2A.

[0048] Each of the pixel electrodes 9 provided in the dot
regions D1 to D3 is divided into a plurality (in this embodi-
ment, three) of sub-pixels (island-shaped portions) 294 and
295 by slits 19 provided in the respective dot regions, and the
sub-pixels are connected to each other at the central portions
(by connecting portions). The sub-pixel 29a located at the
upper side of FIG. 2A is composed of a reflective metal film
made of, for example, Al (aluminum) or Ag (silver), or a
laminated structure including such a mital film and a conduc-
tive film made of a transparent material, such as ITO (indium
tin oxide). This sub-pixel 29a functions as a reflective elec-
trode, and a region in which the sub-pixel 294 is formed
serves as a reflective display region R. The reflective elec-
trode has unevenness on a surface thereof, and the unevenness
causes reflected light to be scattered, which makes it possible
to perform display with a high degree of visibility. In addition,
two sub-pixels 295 located at the lower side of FIG. 2A are
composed of conductive films made of a transparent material,
such as ITO (indium tin oxide), and a region in which the
sub-pixels 295 are formed serves as a transmissive display
region T. That is, the liquid crystal display device 100 of this
embodiment is a transflective liquid crystal display device in
which one dot region includes the reflective display region R
for performing reflective display and the transmissive display
region T for performing transmissive display and in which
one third of a display region contributes to reflective display
and two thirds thereof contributes to transmissive display. In
FIGS. 2A and 2B, boundaries between the reflective display
regions R and the transmissive display regions T are repre-
sented by a one-dot chain line. Further, the connecting por-
tions between the sub-pixels are composed of conductive
films made of a transparent material, such as ITO, and also
contribute to the transmissive display. Dielectric projections
18, which are alignment regulators for regulating the align-
ment of liquid crystal, are provided at the centers of the
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sub-pixels 29a and 295, respectively. In addition, the respec-
tive sub-pixels 29a and 295 are chamfered to have substan-
tially octagonal or circular shapes in plan view.

[0049] TheTFT 30 is provided among the scanning line 3a,
the data line 6a, and the sub-pixel 294 located at the upper
side of FIG. 2A. The TFT 30 includes a semiconductor layer
33, a gate electrode portion 32 provided below the semicon-
ductor layer 33 (on the side of a substrate body 10A), a source
electrode portion 34 provided above the semiconductor layer
33, and a drain electrode portion 35. A channel region of the
TFT 30 is formed in a region opposite to the gate electrode
portion 32 of the semiconductor layer 33, and source and
drain regions are formed at both sides of the channel region on
the semiconductor layer.

[0050] The gate electrode portion 32 is formed by branch-
ing a portion of the scanning line 34 in the extending direction
of'the data line 6a, and is opposite to the semiconductor layer
33 at its leading end, with an insulating film (not shown)
interposed therebetween. The source electrode portion 34 is
formed by branching a portion of the data line 6a in the
extending direction of the scanning line 34, and is electrically
connected to the source region of the semiconductor layer 33
through a contact hole (not shown). One end of a drain elec-
trode 35 is electrically connected to the drain region through
a contact hole (not shown), and the other end of the drain
electrode 35 is electrically connected to the sub-pixel 294 (the
pixel electrode 9) directly or through a contact hole C.

[0051] Further, the TFT 30 is maintained in an on state for
a predetermined period of time by gate signals input through
the scanning line 3a, so that the image signals supplied
through the data line 6a are written onto the liquid crystal at
a predetermined timing.

[0052] Meanwhile, in the plan-view structure shown in
FIG. 3, the liquid crystal display device 100 includes an
element substrate 10 and a counter substrate 25 provided
opposite thereto, and a liquid crystal layer 50 composed of
liquid crystal that has negative dielectric anisotropy (where a
refractive index anisotropy An is, for example, 0.1) and that is
vertically aligned in an initial alignment state is interposed
between the substrates 10 and 25. The liquid crystal layer 50
is formed substantially with a uniform thickness in a region in
which the pixel electrodes 9 are formed, as shown in FIG. 3.
A backlight (not shown) having a light source, serving as an
illuminating unit, a reflector, an optical waveguide, etc., is
provided on an outer side of a liquid crystal cell opposite to an
outer surface of the element substrate 10. A substantially
bar-shaped ellipsoid denoted by reference numeral 51 con-
ceptually represents a liquid crystal molecule that is vertically
aligned.

[0053] The element substrate 10 includes, as a base sub-
strate, the substrate body 10A made of a transparent material,
such as quartz or glass. The scanning lines 3a are formed on
an inner surface (a surface facing the liquid crystal layer) of
the substrate body 10A. A gate insulating film 14 is formed so
as to cover the scanning lines 3a, and the data lines 6a, etc.,
are formed on the gate insulating film 14 (see FIG. 2A). In
addition, an interlayer insulating film 15 is formed so as to
cover the data lines 6a, etc. Then, the pixel electrodes 9 are
formed thereon. Although not shown, a vertical alignment
film made of, for example, polyimide is formed to cover the
pixel electrodes 9 and the interlayer insulating film 15, so that
the liquid crystal molecules 51 are vertically aligned with
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respect to the substrate in an initial state. A retardation plate
16 and a polarizing plate 17 are provided on the outer surface
of the substrate body 10A.

[0054] The counter substrate 25 includes, as a base sub-
strate, a substrate body 25A made of a transparent material,
such as quartz or glass. Color filters 22 (color filter layers) are
formed on an inner surface of the substrate body 25A so as to
be laid across the reflective display regions R and the trans-
missive display regions T. The color filters 22 are composed
of plural types of color filters (colored layers) 22R, 22G, and
22B having different colors, and a light-shielding layer (black
matrix) made of a black resin is formed among the respective
color filters 22R, 22G, and 22B constituting the color filters
22, if necessary. As shown in FIG. 2B, rectangular non-
colored opening regions (non-colored regions) HR, HG, and
HB are formed in the color filters 22R, 22G, and 22B at
positions corresponding to the centers of the sub-pixels 29a
for reflective display, respectively. The area ratio of the col-
ored region having a coloring material arranged therein to the
non-colored region not having a coloring material arranged
therein (the colored area/the non-colored area) is set to be
most suitable for the respective colors of R, G, and B in
consideration of the color balance of each color. For example,
in this embodiment, the green color filter 22G (that is, the
non-colored region HG) having a high degree of luminosity
has the largest area of the non-colored region, followed by the
red color filter 22R and the blue color filter 22B in this order.
Accordingly, the blue color filter 22B has the highest area
ratio, followed by the red color filter 22R and the green color
filter 22G in this order.

[0055] The insulating film 40 is selectively formed on the
inner surface of the color filter 22, corresponding to the
reflective display region R. Since the insulating film 40 is
partially formed in the dot regions, the thicknesses of the
liquid crystal layer 50 are different from each other in the
reflective display region R and the transmissive display
region T. The insulating film 40 is composed of a film made of
an organic material, such as acrylic resin. The insulating film
40 is formed with a thickness of about 2 pm=*1 um, and the
thickness of the liquid crystal layer 50 in a region where the
insulating film 40 is not provided is about 2 to 6 pm. The
thickness of the liquid crystal layer 50 in the reflective display
region R is half that of the liquid crystal layer 50 in the
transmissive display region T. That is, the insulating film 40
functions as a liquid-crystal-layer-thickness adjusting layer
to cause the thicknesses of the liquid crystal layer 50 to be
different from each other in the reflective display region R and
the transmissive display region T, thereby realizing a multi-
gap structure. In this way, the liquid crystal display device 100
of'this embodiment can achieve high-contrast, bright display.
In addition, an inclined surface in which the thickness of the
insulating film 40 is continuously varied is formed around the
boundary between the reflective display region R and the
transmissive display region T. In addition, the inclined sur-
face substantially overlaps an edge portion of the reflective
electrode 29a at the center of the dot region in plan view, and
also overlaps a linear electrode film (connecting portion) for
connecting adjacent sub-pixels.

[0056] A concave portion P is formed in the surface of the
insulating film 40 in the non-colored region of the color filter
22, corresponding to the unevenness of the color filter 22. A
step difference between the colored region and the non-col-
ored region in the reflective display region R is not completely
removed, but is reduced to some extent by the insulating film
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40 formed on the color filter 22. For example, when the
insulating film 40 is formed with the above-mentioned thick-
ness, a step difference of about 0.05 to 0.5 pm occurs. This
step difference is the concave portion P. The concave portion
P has a sufficiently small step difference not to have a great
influence on the alignment of liquid crystal molecules, but a
portion where the concave portion P is formed has a gap
greater than that in the vicinity thereof.

[0057] Further, a counter electrode 31 is formed on the
inner surface of the substrate body 25A so as to cover the
color filter 22 and the insulating film 40. The counter elec-
trode 31 is a conductive film made of a transparent material,
such as ITO, and the dielectric projections 18 protruding
toward the liquid crystal layer 50 are provided on the counter
electrode 31 at positions facing the pixel electrodes 9.
Although the dielectric projection 18 is shown to have sub-
stantially a triangular shape in sectional view in the drawings,
it is practically formed in a hemispherical shape. The dielec-
tric projections 18 are formed corresponding to the centers of
the two sub-pixels 295 in the transmissive display region T,
respectively, and one dielectric projection 18 is formed cor-
responding to the center of the sub-pixel 294 in the reflective
display region R. The dielectric projection 18 of the reflective
display region R is arranged in the concave portion P formed
in the insulating film 40. These dielectric projections 18 are
made of a dielectric material, such as resin, and can be formed
by a photolithography technique using a mask. In this
embodiment, the dielectric projections 18 are collectively
formed with a height of 1.2 pm and a diameter of 12 um in the
reflective display region R and the transmissive display
region T using a positive resist made of a novolac-based
material. After the resist is developed, post-baking is per-
formed at a temperature of 220° C., thereby obtaining hemi-
spherical projections. Each dielectric projection 18 is formed
with a height most suitable for transmissive display, and is
formed with a relatively large height in the reflective display
region R. Since the dielectric projection 18 of the reflective
display region R is arranged in the concave portion P in this
embodiment, the height of the dielectric projection 18 formed
in the concave portion is actually smaller than that of the
dielectric projection formed on a flat surface (that is, formed
on a flat surface without the concave portion P).

[0058] Although not shown, a vertical alignment film made
of, for example, polyimide is formed so as to cover the
counter electrode 31 and the dielectric projections 18 to cause
the liquid crystal molecules 51 to be vertically aligned with
respect to the substrates in their initial states.

[0059] A retardation plate 36 and a polarizing plate 37 are
formed on the outer surface of the substrate body 25A in this
order. The polarizing plates 17 and 37 transmit only linearly
polarized light oscillating in a specific direction. In addition,
quarter-wave plates for delaying the wavelength of visible
rays by about a quarter of a wavelength are used as the
retardation plates 16 and 36. The transmission axes of the
polarizing plates 17 and 37 are arranged at an angle of about
45° with respect to the slow axes of the retardation plates 16
and 36, and thus the polarizing plates 17 and 37 and the
retardation plates 16 and 36 function as a circularly polarizing
plate. This circularly polarizing plate can convert linearly
polarized light into circularly polarized light, or vice versa. In
addition, the polarizing plates 17 and 37 are arranged such
that the transmission axes thereof are orthogonal to each
other, and the retardation plates 16 and 36 are also arranged
such that the slow axes thereof are orthogonal to each other.
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The circularly polarizing plate is generally formed by a com-
bination of a polarizing plate and a quarter-wave plate. How-
ever, the circularly polarizing plate (broadband circularly
polarizing plate) may be formed by a combination of a polar-
izing plate, a half-wave plate, and a quarter-wave plate, which
makes it possible to perform black display with an achromatic
color.

Display Operation

[0060] Next, a display operation of the liquid crystal dis-
play device 100 of this embodiment will be described.
[0061] First, in a transmissive mode, light emitted from a
backlight is converted into circularly polarized light by the
polarizing plate 17 and the retardation plate 16, and is then
incident on the liquid crystal layer 50. Since the liquid crystal
molecules vertically aligned with respect to the substrates
when no voltage is applied have no refractive index anisot-
ropy, the incident light travels through the liquid crystal layer
50 in the circularly-polarized state. The incident light having
passed through the retardation plate 16 is converted into lin-
early polarized light whose transmission axis is orthogonal to
the transmission axis of the polarizing plate 37. Since the
linearly polarized light does not pass through the polarizing
plate 37, black display is performed in the liquid crystal
display device 100 of this embodiment when no voltage is
applied (normally black mode).

[0062] Meanwhile, when a voltage is applied to the liquid
crystal layer 50, the liquid crystal molecules are aligned so as
to be inclined with respect to the substrates, so that they have
refractive index anisotropy with respect to transmission light.
Therefore, the circularly polarized light incident on the liquid
crystal layer 50 from the backlight is converted into ellipti-
cally polarized light while passing through the liquid crystal
layer 50. Although the incident light passes through the retar-
dation plate 36, some or all of the incident light components
pass through the polarizing plate 37 without being converted
into linearly polarized light whose transmission axis is
orthogonal to the transmission axis of the polarizing plate 37.
Therefore, in the liquid crystal display device 100 of this
embodiment, white display is performed when a voltage is
applied. Thus, it is possible to perform gray-scale display by
adjusting the voltage applied to the liquid crystal layer 50 in
the above-mentioned structure. In this case, in this embodi-
ment, since the dielectric projections 18 are arranged corre-
sponding to the centers of the sub-pixels 295, respectively, the
liquid crystal molecules 51 are vertically aligned with respect
to outlines of the sub-pixels 294. In addition, the liquid crystal
molecules 51 are vertically aligned with respect to the
inclined surfaces of the dielectric projections 18 in the vicini-
ties of the dielectric projections when no voltage is applied.
Onthe other hand, when a voltage is applied, as shown in FIG.
3, the liquid crystal molecules 51 are inclined from the dielec-
tric projections 18 to the outer sides thereof. That is, the liquid
crystal molecules 51 are aligned in the radial direction of each
dielectric projection 18 in plan view (see FIG. 2A). Therefore,
the liquid crystal display device 100 of this embodiment can
display an image at a wider viewing angle by allowing direc-
tors of the liquid crystal molecules 51 to be aligned in all
directions when a voltage is applied. In addition, since the
color filter 22 is arranged in the entire transmissive display
region T, all light components passing through the sub-pixels
295 are colored.

[0063] Further, in a reflective mode, light incident from the
outer side of the counter electrode 25 is converted into circu-



US 2011/0304806 Al

larly polarized light while passing through the polarizing
plate 37 and the retardation plate 36, and is then incident on
the liquid crystal layer 50. Since the liquid crystal molecules
vertically aligned with respect to the substrates when no
voltage is applied have no refractive index anisotropy, the
circularly-polarized light travels through the liquid crystal
layer 50 to the sub-pixel 29a (reflective electrode). Then, the
light is reflected from the sub-pixel 294 to return to the liquid
crystal layer 50, and is then incident on the retardation plate
36 again. In this case, since the rotation direction of the
circularly polarized light reflected from the sub-pixel 294 is
reversed, the light is converted into linearly polarized light
whose transmission axis is orthogonal to the transmission
axis of the polarizing plate 37 by the retardation plate 36. In
addition, since the linearly polarized light does not pass
through the polarizing plate 37, black display is performed in
the liquid crystal display device 100 of this embodiment when
no voltage is applied (normally black mode).

[0064] Meanwhile, when a voltage is applied to the liquid
crystal layer 50, the liquid crystal molecules are aligned so as
to be inclined with respect to the substrates, so that they have
refractive index anisotropy with respect to transmission light.
Therefore, the circularly polarized light incident on the liquid
crystal layer 50 from the outer side of the counter substrate 25
is converted into linearly polarized light while passing
through the liquid crystal layer 50, and then reaches the
sub-pixel 29a (reflective electrode). Then, the light is
reflected from the sub-pixel 29a, and then passes through the
liquid crystal layer 50 to be incident on the retardation plate
36 again. Since the reflected light is circularly polarized light
having the same rotation direction as the previously incident
light, it is converted into linearly polarized light whose trans-
mission axis is parallel to the transmission axis of the polar-
izing plate 37 by the retardation plate 36, and then passes
through the polarizing plate 37. Therefore, in the liquid crys-
tal display device 100 of this embodiment, white display is
performed when a voltage is applied. Inaddition, it is possible
to perform gray-scale display by adjusting the voltage applied
to the liquid crystal layer 50 in the above-mentioned struc-
ture. In this case, in this embodiment, since the dielectric
projections 18 are arranged corresponding to the centers of
the sub-pixels 29q, respectively, the liquid crystal molecules
51 are vertically aligned with respect to the outlines of the
sub-pixels 29a. In addition, the liquid crystal molecules 51
are vertically aligned with respect to the inclined surfaces of
the dielectric projections 18 in the vicinities of the dielectric
projections when no voltage is applied. On the other hand,
when a voltage is applied, as shown in FIG. 3, the liquid
crystal molecules 51 are inclined from the dielectric projec-
tions 18 to the outer sides thereof. That is, the liquid crystal
molecules 51 are aligned in the radial direction of each dielec-
tric projection 18 in plan view (see FIG. 2A). Therefore, the
liquid crystal display device 100 of this embodiment can
display an image at a wider viewing angle by allowing direc-
tors of the liquid crystal molecules 51 to be aligned in all
directions when a voltage is applied. In addition, external
light passes through the color filters 22 two times when it is
incident and exits. However, since the non-colored regions
HR, HG, and HB are formed in the color filters 22, colored
light is not made dark. That is, since the non-colored regions
HR, HG, and HB are provided in a portion of a region over-
lapping the sub-pixel 29q in plan view, a mixture of non-
colored light passing through the non-colored regions and
colored light passing through the colored regions is obtained
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in thereflective mode. Therefore, the color of the colored light
tones down by the non-colored light, so that light having the
same color as that in the transmissive mode is emitted.

[0065] Further, inthis embodiment, since the dielectric pro-

jection 18 of the reflective display region R is arranged in the
concave portion P formed by the non-colored regions HR,
HG, and HB, the thickness of the liquid crystal layer on the
upper side of the dielectric projection 18 is maintained to be
large, compared to a case in which the dielectric projection is
provided on a flat surface not having the concave portion P.
FIGS. 4A and 4B are cross-sectional views schematically
illustrating the vicinity of a projection in the reflective display
region R. Specifically, FIG. 4A is a cross-sectional view
illustrating a structure in which the dielectric projection 18 is
arranged in the concave portion P as in this embodiment, and
FIG. 4B is a cross-sectional view illustrating a structure in
which the dielectric projection 18 is provided on a flat surface
of a substrate not having the concave portion P. As shown in
FIG. 4B, when the dielectric projection 18 is provided on the
flat surface, the height of the dielectric projection 18 causes a
reduction in gap between substrates, that is, a reduction in the
thickness of the liquid crystal layer contributing to retarda-
tion. In particular, in a multi-gap structure, since the insulat-
ing film (liquid-crystal-layer-thickness adjusting layer) 40 for
adjusting the thickness of the liquid crystal layer is provided
in the reflective display region R, the reflective display region
R is more greatly affected by the reduction in gap than the
transmissive display region T. As such, when the dielectric
projection 18 having a height suitable for transmissive dis-
play is formed in the reflective display region R having the
narrow gap, the liquid crystal molecules located at the top of
the dielectric projection 18 hardly contribute to retardation at
a low voltage. As a result, the area of a region contributing to
display in practice is reduced by an area corresponding to the
projection. On the contrary, as shown in FIG. 4A, when the
dielectric projection 18 is provided in the concave portion P,
the height of the dielectric projection 18 is reduced by the
depth of the concave portion P, so that the thickness of the
liquid crystal layer is maintained to be larger around the
projection. As a result, in this case, the liquid crystal mol-
ecules around the projections sufficiently contribute to retar-
dation, so that the area of the region contributing to display in
practice becomes larger that that shown in FIG. 4B.

[0066] As described above, since the liquid crystal display
device 100 of this embodiment adopts the multi-gap structure
in which the insulating film 40 for adjusting the thickness of
the liquid crystal layer is partially provided in the dot regions,
it is possible to make coincide the retardation of the liquid
crystal layer 50 in the transmissive display region T with that
in the reflective display region R, so that high-contrast display
is achieved both in reflective display and in transmissive
display. In addition, one pixel electrode 9 is divided into three
sub-pixels 294 and 294, and the dielectric projections 18 are
provided corresponding to the centers of the sub-pixels.
Therefore, when a voltage is applied, the liquid crystal mol-
ecules 51 are radially aligned, centered on the dielectric pro-
jections 18 in the image display region, which makes it pos-
sible to perform display with a wider viewing angle.

[0067] Further, in this embodiment, the non-forming
regions (non-colored regions) HR, HG, and HB of the color
filters 22 are provided in the reflective display regions R to
reduce a difference in the shade of color between reflected
light and transmitted light. Therefore, it is possible to achieve
bright, high-visibility display both in the reflective mode and
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in the transmissive mode. Also, in this embodiment, the
dielectric projections 18 are arranged at positions overlap-
ping the non-colored regions of the color filters 22 in plan
view, and the dielectric projections are buried in the concave
portions P of the substrate formed by the non-colored regions,
which makes it possible to decrease the height of the projec-
tions in practice. As a result, it is possible to make the liquid
crystal molecules around the projections contribute to dis-
play, and thus to perform good alignment control both in the
reflective display region R and in the transmissive display
region T.

[0068] Furthermore, in this embodiment, the area ratios of
the colored regions to the non-colored regions of the color
filters 22R, 22G, and 22B are varied for every color. In this
case, it is possible to achieve display having high color repro-
ducibility in the reflective display mode using external light
that is not controlled, by determining these area ratios accord-
ing to the spectral characteristics of external light. In addition,
it is possible to achieve display having high color reproduc-
ibility in the transmissive mode, by determining these area
ratios according to the spectral characteristics of illumination
light emitted from, for example, a backlight.

Second Embodiment

Liquid Crystal Display Device

[0069] Next, a second embodiment of the invention will be
described. FIG. S is a view illustrating the structure of a liquid
crystal display device 200 according to this embodiment, as
viewed from a counter substrate, and specifically, is an
enlarged plan view schematically illustrating one pixel
region. FIG. 6 is a view schematically illustrating the sec-
tional structure of the liquid crystal display device 200, and
specifically, is a partially sectional view taken along the line
VI-VI of FIG. 5. In addition, in this embodiment, the same
members or parts as those in the first embodiment have the
same reference numerals, and a description thereof will be
omitted.

[0070] The second embodiment is different from the first
embodiment in that the non-colored region of the blue color
filter 22B is arranged around the edge of the reflective display
region R and in that the dielectric projection 18 of the reflec-
tive display region R in the blue dot region D3 is laminated on
the blue colored region arranged at the center of the reflective
display region R. In this embodiment, the structure of the
element substrate is completely the same as that in the first
embodiment, and thus only the structure of the counter sub-
strate will be described.

[0071] As shown in FIGS. 5 and 6, a counter substrate 25
includes, as a base substrate, a substrate body 25A made of a
transparent material, such as quartz or glass. Color filters
(color filter layers) 22 are formed on an inner surface of the
substrate body 25A so as to be laid across the reflective
display regions R and the transmissive display regions T. The
color filters 22 are composed of plural types of color filters
(colored layers) 22R, 22G, and 22B having different colors,
and a light-shielding layer (black matrix) made of, for
example, a black resin is formed among the respective color
filters 22R, 22G, and 22B constituting the color filters 22, if
necessary. A rectangular opening region not having a coloring
material therein (non-colored region) HR is formed in the red
color filter 22R at a position corresponding to the center of the
sub-pixel 294 for reflective display. Similarly, a rectangular
opening region not having a coloring material therein (non-
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colored region) HG is formed in the green color filter 22G at
a position corresponding to the center of the sub-pixel 29a for
reflective display. A frame-shaped opening region not having
a coloring material therein (non-colored region) HB is
formed in blue color filter 22B at a position corresponding to
the outer periphery of the sub-pixel 29a for reflective display.
The area ratio of the colored region having a coloring material
arranged therein to the non-colored region not having a col-
oring material arranged therein (the colored region/the non-
colored region) is set to be most suitable for the respective
colors of R, G, and B in consideration of the color balance of
each color. For example, in this embodiment, the green color
filter 22G (that is, the non-colored region HG) having a high
degree of luminosity has the largest area of the non-colored
region, followed by the red color filter 22R and the blue color
filter 22B in this order. Accordingly, the blue color filter 22B
has the highest area ratio, followed by the red color filter 22R
and the green color filter 22G in this order.

[0072] An insulating film 40 is selectively formed on the
inner surface of the color filter 22, corresponding to the
reflective display region R. Since the insulating film 40 is
partially formed in the dot regions, the thicknesses of the
liquid crystal layer 50 are different from each other in the
reflective display region R and the transmissive display
region T. The insulating film 40 is made of an organic mate-
rial, such as acrylic resin. The insulating film 40 is formed
with, for example, a thickness of about 2 pm=1 pum, and the
thickness of the liquid crystal layer 50 in a region where the
insulating film 40 is not provided is about 2 to 6 um. The
thickness of the liquid crystal layer 50 in the reflective display
region R is half that of the liquid crystal layer 50 in the
transmissive display region T. That is, the insulating film 40
functions as a liquid-crystal-layer-thickness adjusting layer
to cause the thicknesses of the liquid crystal layer 50 to be
different from each other in the reflective display region R and
the transmissive display region T, thereby realizing a multi-
gap structure. In this way, the liquid crystal display device 200
of this embodiment can achieve bright, high-contrast display.
In addition, an inclined surface in which the thickness of the
insulating film 40 is continuously varied is formed around the
boundary between the reflective display region R and the
transmissive display region T. In addition, the inclined sur-
face substantially overlaps an edge portion of the reflective
electrode 29a at the center of the dot region in plan view, and
also overlaps a linear electrode film (connecting portion) for
connecting adjacent sub-pixels.

[0073] Concave portions P (see FIG. 3) are respectively
formed in the surface of the insulating film 40 in the non-
colored regions HR and HG of the red color filter 22R and the
green color filter 22G, corresponding to the unevenness of the
color filter 22. That is, step portions are formed in the insu-
lating film 40 by a thickness corresponding to a portion that is
not planarized by the insulating film 40, at the centers of the
reflective display regions R of a red dot region D1 and a green
dot region D2, and the step portions appear on the surface of
the insulating film 40 as the concave portions P. The concave
portion P causes the gap of'the liquid crystal layer at the center
of'the reflective display region R to be greater than that of the
liquid crystal layer in the periphery thereof in the red dot
region D1 and the green dot region D2. On the other hand, the
non-colored region HB is arranged corresponding to the edge
of the reflective display region R in the blue color filter 22B,
and thus the concave portion is not formed at the center of the
reflective display region R.
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[0074] Further, a counter electrode 31 is formed on the
inner surface of the substrate body 25A so as to cover the
color filters 22 and the insulating film 40. The counter elec-
trode 31 is a conductive film made of a transparent material,
such as ITO, and the dielectric projections 18 protruding
toward the liquid crystal layer 50 are provided on the counter
electrode 31 at positions facing the pixel electrodes 9.
Although the dielectric projection 18 is shown to have sub-
stantially a triangular shape in sectional view in the drawings,
it is practically formed in a hemispherical shape. The dielec-
tric projections 18 are formed corresponding to the centers of
the two sub-pixels 295 in the transmissive display region T,
respectively, and one dielectric projection 18 is formed cor-
responding to the center of the sub-pixel 294 in the reflective
display region R. The dielectric projection 18 of the reflective
display region R is arranged in the concave portion P formed
in the insulating film 40 in the red dot region D1 and the green
dot region D2. On the other hand, since the concave portion is
not provided in the blue dot region D3, the dielectric projec-
tion 18 is arranged on a flat surface. These dielectric projec-
tions 18 are made of a dielectric material, such as resin, and
can be formed by a photolithography technique using a mask.
In this embodiment, the dielectric projections 18 are collec-
tively formed with a height of 1.2 pm and a diameter of 12 pm
in the reflective display region R and the transmissive display
region T using a positive resist made of a novolac-based
material. After the resist is developed, post-baking is per-
formed at a temperature of 220° C., thereby obtaining hemi-
spherical projections. The dielectric projection 18 is formed
with a height most suitable for transmissive display, and is
formed with a relatively large height in the reflective display
region R.

[0075] Although not shown, a vertical alignment film made
of, for example, polyimide is formed so as to cover the
counter electrode 31 and the dielectric projections 18 to cause
the liquid crystal molecules 51 to be vertically aligned with
respect to the substrates in their initial states. In this embodi-
ment, the structure on the outer side of the substrate body 25A
is the same as that in the first embodiment.

Display Operation

[0076] Next, a display operation of the liquid crystal dis-
play device 200 of this embodiment will be described. Since
the operation of the liquid crystal display device in the trans-
missive mode is the same as that in the first embodiment, only
the operation of the liquid crystal display device in the reflec-
tive mode will be described.

[0077] In the reflective mode, external light incident from
the outer side of the counter electrode 25 is converted into
circularly polarized light while passing through the polariz-
ing plate 37 and the retardation plate 36, and is then incident
on the liquid crystal layer 50. Since the liquid crystal mol-
ecules vertically aligned with respect to the substrates when
no voltage is applied have no refractive index anisotropy, the
circularly-polarized light travels through the liquid crystal
layer 50 to the sub-pixel 29a (reflective electrode). Then, the
light is reflected from the sub-pixel 294 to return to the liquid
crystal layer 50, and is then incident on the retardation plate
36 again. In this case, since the rotation direction of the
circularly polarized light reflected from the sub-pixel 29a is
reversed, the light is converted into linearly polarized light
whose transmission axis is orthogonal to the transmission
axis of the polarizing plate 37 by the retardation plate 36. In
addition, since the linearly polarized light does not pass
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through the polarizing plate 37, black display is performed in
the liquid crystal display device 200 of this embodiment when
no voltage is applied (normally black mode).

[0078] Meanwhile, when a voltage is applied to the liquid
crystal layer 50, the liquid crystal molecules are aligned so as
to be inclined with respect to the substrates, so that they have
refractive index anisotropy with respect to transmission light.
Therefore, the circularly polarized light incident on the liquid
crystal layer 50 from the outer side of the counter substrate 25
is converted into linearly polarized light while passing
through the liquid crystal layer 50, and then reaches the
sub-pixel 29a (reflective electrode). Then, the light is
reflected from the sub-pixel 294, and then passes through the
liquid crystal layer 50 to be incident on the retardation plate
36 again. Since the reflected light is circularly polarized light
having the same rotation direction as the previously incident
light, it is converted into linearly polarized light whose trans-
mission axis is parallel to the transmission axis of the polar-
izing plate 37 by the retardation plate 36, and then passes
through the polarizing plate 37. Therefore, in the liquid crys-
tal display device 200 of this embodiment, white display is
performed when a voltage is applied. In addition, it is possible
to perform gray-scale display by adjusting the voltage applied
to the liquid crystal layer 50 in the above-mentioned struc-
ture. In this case, in this embodiment, since the dielectric
projections 18 are arranged corresponding to the centers of
the sub-pixels 294, respectively, the liquid crystal molecules
51 are vertically aligned with respect to the outlines of the
sub-pixels 29a. In addition, the liquid crystal molecules 51
are vertically aligned with respect to the inclined surfaces of
the dielectric projections 18 in the vicinities of the dielectric
projections 18 when no voltage is applied. On the other hand,
when a voltage is applied, as shown in FIG. 6, the liquid
crystal molecules 51 are inclined from the dielectric projec-
tions 18 toward the outer sides thereof. That is, the liquid
crystal molecules 51 are aligned in the radial direction of each
dielectric projection 18 in plan view. Therefore, the liquid
crystal display device 200 of this embodiment can display an
image at a wider viewing angle by allowing directors of the
liquid crystal molecules 51 to be aligned in all directions
when a voltage is applied. In addition, external light passes
through the color filters 22 two times when it is incident and
exits. However, since the non-colored regions HR, HG, and
HB are formed in the color filters 22, colored light is not made
dark. That is, since the non-colored regions HR, HG, and HB
are provided in a portion of a region overlapping the sub-pixel
29q in plan view, a mixture of non-colored light passing
through the non-colored regions and colored light passing
through the colored regions is obtained in the reflective mode.
Therefore, the color of the colored light tones down by the
non-colored light, so that light having the same color as thatin
the transmissive mode is emitted.

[0079] Further, in this embodiment, since the dielectric pro-

jections 18 of the reflective display regions R of the red dot
region D1 and the green dot region D2 are arranged in the
concave portions P formed by the non-colored regions HR
and HG, the thickness of the liquid crystal layer on the upper
side of the dielectric projection 18 is maintained to be large,
compared to a case in which the dielectric projection is pro-
vided on a flat surface not having the concave portion P.
Therefore, the liquid crystal molecules in the vicinities of the
projections can sufficiently contribute to retardation, which
makes it possible to increase the area of a region actually
contributing to display.
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[0080] Meanwhile, since the dielectric projections are
formed on the flat surface not having the concave portions
therein in the blue dot region D3, a gap between the dielectric
projection 18 and the element substrate 10 becomes exces-
sively narrow. Therefore, the liquid crystal molecules in the
vicinities of the projections do not contribute to display in
practice (that is, a desired gray-scale display is not per-
formed). However, when a high voltage is applied, the liquid
crystal molecules around the projections contribute to bright
display. Therefore, the liquid crystal molecules function to
shield light around the projections when a low voltage is
applied and to transmit light around the projections when a
high voltage is applied. That is, the liquid crystal molecules
around the projections serve as valves for adjusting transmit-
tance (that is, the shade of colored light) according to the
applied voltage. Thus, the conventional vertical alignment
mode has problems in that a shift in color from white to blue
occurs when a low voltage is applied, and a shift in color from
white to yellow occurs as a voltage is changed from a low
level to a high level. However, in this embodiment, the
amount of blue colored light is small when a low voltage is
applied, and is large when a high voltage is applied (that is, a
dark color is reduced when a low voltage is applied, and a
light color is enhanced when a high voltage is applied). There-
fore, it is possible to obtain high color reproducibility in
display, regardless of a voltage to be applied.

[0081] As described above, since the liquid crystal display
device 200 of this embodiment also adopts the multi-gap
structure, it is possible to achieve high-contrast display both
in reflective display and in transmissive display. In addition,
since one dot is divided into a plurality of island-shaped
sub-pixels, it is possible to perform display at a wider viewing
angle in all directions. Further, since a portion of the color
filter 22 is opened to form a non-colored region, not having a
coloring material arranged therein, in the reflective display
region, it is possible to reduce a difference in the shade of
color between the reflective mode and the transmissive mode.
In addition, in this embodiment, the relative positional rela-
tionship between the dielectric projection 18 and the non-
colored region of the color filter 22 is varied for every color.
Therefore, it is possible to solve the problem of a variation in
color due to chromatic dispersion, which is raised in the
related art, and thus to achieve display having high color
reproducibility regardless of a voltage to be applied.

Third Embodiment

Liquid Crystal Display Device

[0082] Next, a third embodiment of the invention will be
described. FIGS. 7A and 7B are plan views illustrating the
structure of one pixel of a liquid crystal display device 300
according to this embodiment. Specifically, FIG. 7A is a plan
view illustrating the structure of one pixel, as viewed from an
element substrate, and FIG. 7B is a plan view illustrating the
structure of one pixel, as viewed from a counter substrate.
FIG. 8is a cross-sectional view illustrating the structure of the
liquid crystal display device 300, and specifically, is a par-
tially sectional view taken along the line VIII-VIII of FIG. 7.
FIG.9is across-sectional view illustrating the structure of the
liquid crystal display device 300, and specifically, is a par-
tially sectional view taken along the line IX-IX of FIG. 7. In
addition, in this embodiment, the same members or parts as
those in the second embodiment have the same reference
numerals, and a description thereof will be omitted.
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[0083] The third embodiment is different from the second
embodiment in that two upper sub-pixels of three sub-pixels
are used for reflective display and the shape, arrangement,
and number of non-colored regions of R, G, and B color filters
are changed corresponding thereto. Other structures are the
same as those in the second embodiment.

[0084] As shown in FIG. 7A, in the liquid crystal display
device 300 of this embodiment, each of the pixel electrodes 9
provided in the dot regions D1 to D3 is divided into a plurality
(in this embodiment, three) of sub-pixels (island-shaped por-
tions) 29a and 295 by slits 19 provided in the respective dot
regions, and the sub-pixels are connected to each other at the
central portions (by connecting portions). Two sub-pixels 29a
located at the upper side of FIG. 7A are composed of a
reflective metal film made of, for example, Al (aluminum) or
Ag (silver), or a laminated structure including such a metal
film and a conductive film made of a transparent material,
suchas ITO (indium tin oxide). These sub-pixels 29a function
as reflective electrodes, and a region in which the sub-pixels
29a are formed serves as a reflective display region R. The
reflective electrode has unevenness on a surface thereof, and
the unevenness causes reflected light to be scattered, which
makes it possible to perform display with high visibility. In
addition, a sub-pixel 295 located at the lower side of FIG. 7A
is composed of a conductive film made of a transparent mate-
rial, such as ITO (indium tin oxide), and a region in which the
sub-pixel 295 is formed serves as a transmissive display
region T. That is, the liquid crystal display device 300 of this
embodiment is a transflective liquid crystal display device in
which one dot region includes the reflective display region R
for performing reflective display and the transmissive display
region T for performing transmissive display and in which
about two thirds of a display region contributes to reflective
display and one third thereof contributes to transmissive dis-
play. In FIGS. 7A and 7B, boundaries between the reflective
display regions R and the transmissive display regions T are
represented by a one-dot chain line. Further, the connecting
portions between the sub-pixels are composed of a reflective
metal film made of, for example, Al (aluminum) or Ag (sil-
ver), or a laminated structure including such a metal film and
a conductive film made of a transparent material, such as ITO
(indium tin oxide), and also contribute to reflective display.
Dielectric projections 18, which are alignment regulators for
regulating the alignment of liquid crystal, are provided at the
centers of the sub-pixels 29a and 295, respectively. In addi-
tion, the respective sub-pixels 29a and 295 are chamfered to
have substantially octagonal or circular shapes in plan view.

[0085] As shown in FIG. 7B, color filters 22 are composed
of plural types of color filters (colored layers) 22R, 22G, and
22B having different colors, and a light-shielding layer (black
matrix) made of a black resin is formed among the respective
color filters 22R, 22G, and 22B constituting the color filters
22, if necessary. Rectangular opening regions not having a
coloring material therein (non-colored regions) HR are
formed in the red color filter 22R at positions corresponding
to the centers of the sub-pixels 29a for reflective display,
respectively. Similarly, rectangular opening regions not hav-
ing a coloring material therein (non-colored region) HG are
formed in the green color filter 22G at positions correspond-
ing to the centers of the sub-pixels 29a for reflective display,
respectively. The shape and arrangement (an alignment rela-
tionship with the dielectric projections 18) of two non-col-
ored regions formed in each of the red dot region D1 and the
green dot region D2 can be arbitrarily designed. That is, the



US 2011/0304806 Al

two sub-pixels 294 may have the same shape and arrange-
ment, or different shapes and arrangements. In this embodi-
ment, for example, the sub-pixels have different shapes and
arrangements, and the sub-pixels in the red dot region D1
have different shapes from those in the green dot region D2.
A rectangular frame-shaped opening region not having a col-
oring material therein (non-colored region) HB is formed in
blue color filter 22R at a position corresponding to the outer
periphery of one sub-pixel 29a (that is, the sub-pixel 29a
adjacent to the sub-pixel 295 for transmissive display) located
at the lower side of FIG. 7B of two sub-pixels for reflective
display. The area ratio of the colored region having a coloring
material arranged therein to the non-colored region not hav-
ing a coloring material arranged therein (the colored region/
the non-colored region) is set to be most suitable for the
respective colors of R, G, and B in consideration of the color
balance of each color. For example, in this embodiment, the
green color filter 22G (that is, the non-colored region HG)
having a high degree of luminosity has the largest area of the
non-colored region, followed by the red color filter 22R and
the blue color filter 22B in this order. Accordingly, the blue
color filter 22B has the highest area ratio, followed by the red
color filter 22R and the green color filter 22G in this order.

[0086] As shown in FIGS. 8 and 9, the insulating film 40 is
selectively formed on the inner surface of the color filter 22,
corresponding to the reflective display region R. Since the
insulating film 40 is partially formed in the dot regions, the
thicknesses of the liquid crystal layer 50 are different from
each other in the reflective display region R and the transmis-
sive display region T. The insulating film 40 is composed of a
film made of an organic material, such as acrylic resin.

[0087] The insulating film 40 is formed with a thickness of
about 2 um=1 pm, and the thickness of the liquid crystal layer
50 in a region where the insulating film 40 is not provided is
about 2 to 6 um. The thickness of the liquid crystal layer 50 in
the reflective display region R is half that of the liquid crystal
layer 50 in the transmissive display region T. That is, the
insulating film 40 functions as a liquid-crystal-layer-thick-
ness adjusting layer to cause the thicknesses of the liquid
crystal layer 50 to be different from each other in the reflective
display region R and the transmissive display region T,
thereby realizing a multi-gap structure. In this way, the liquid
crystal display device 300 of this embodiment can achieve
bright, high-contrast display. In addition, an inclined surface
in which the thickness of the insulating film 40 is continu-
ously varied is formed around the boundary between the
reflective display region R and the transmissive display
region T. Further, the inclined surface substantially overlaps
an edge portion of the reflective electrode 29a at the center of
the dot region in plan view, and also overlaps a linear elec-
trode film (connecting portion) for connecting adjacent sub-
pixels.

[0088] Concave portions P are respectively formed in the
surface of the insulating film 40 in the non-colored regions
HR of the red color filter 22R and in the non-colored regions
HG of the green color filter 22G, corresponding to the
unevenness of the color filters 22 (see FIG. 8). That is, step
portions are formed in the insulating film 40 by a thickness
corresponding to a portion that is not planarized by the insu-
lating film 40, at the centers of the reflective display regions R
of'the red dot region D1 and the green dot region D2, and the
step portions appear on the surface of the insulating film 40 as
the concave portions P. The concave portion P causes the gap
ofthe liquid crystal layer at the center of the reflective display
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region R to be greater than that of the liquid crystal layer in the
periphery thereof in the red dot region D1 and the green dot
region D2. On the other hand, the non-colored region HB is
arranged corresponding to the edge of the reflective display
region R in the blue color filter 22B, and thus the concave
portion is not formed at the center of the reflective display
region R (see FIG. 9).

[0089] Further, a counter electrode 31 is formed on the
inner surface of the substrate body 25A so as to cover the
color filters 22 and the insulating film 40. The counter elec-
trode 31 is a conductive film made of a transparent material,
such as ITO, and the dielectric projections 18 protruding
toward the liquid crystal layer 50 are provided on the counter
electrode 31 at positions facing the pixel electrodes 9.
Although the dielectric projection 18 is shown to have sub-
stantially a triangular shape in sectional view in the drawings,
it is practically formed in a hemispherical shape. One dielec-
tric projection 18 is formed corresponding to the center of the
sub-pixel 294 in the transmissive display region T, and two
dielectric projections 18 are formed corresponding to the
centers of the sub-pixels 294 in the reflective display region
R, respectively. The dielectric projections 18 of the reflective
display regions R are arranged in the concave portions P
formed in the insulating film 40 in the red dot region D1 and
the green dot region D2 (see FIG. 8). On the other hand, since
the concave portion is not provided in the blue dot region D3,
the dielectric projection 18 is arranged on a flat surface (see
FIG. 9). These dielectric projections 18 are made of a dielec-
tric material, such as resin, and can be formed by a photoli-
thography technique using a mask. In this embodiment, the
dielectric projections 18 are collectively formed with a height
of 1.2 pm and a diameter of 12 pm in the reflective display
region R and the transmissive display region T using a posi-
tive resist made of a novolac-based material. After the resistis
developed, post-baking is performed at a temperature of 220°
C., thereby obtaining hemispherical projections. The dielec-
tric projection 18 is formed with a height most suitable for
transmissive display, and is formed with a relatively large
height in the reflective display region R.

[0090] Although not shown, a vertical alignment film made
of, for example, polyimide is formed so as to cover the
counter electrode 31 and the dielectric projections 18 to cause
the liquid crystal molecules 51 to be vertically aligned with
respect to the substrates in their initial states. In this embodi-
ment, the structure on the outer side of the substrate body 25A
is the same as that in the first embodiment. Also, in this
embodiment, a display operation is the same as that in the
second embodiment except that the connecting portions
between the sub-pixels contribute to display, and thus a
description thereof will be omitted.

[0091] As described above, since the liquid crystal display
device 300 of this embodiment also adopts the multi-gap
structure, it is possible to achieve high-contrast display both
in reflective display and in transmissive display. In addition,
since one dot is divided into a plurality of island-shaped
sub-pixels, it is possible to perform display at a wider viewing
angle in all directions. Further, since a portion of the color
filter 22 is opened to form a non-colored region, not having a
coloring material arranged therein, in the reflective display
region, it is possible to reduce a difference in the shade of
color between the reflective mode and the transmissive mode.
In addition, in this embodiment, the relative positional rela-
tionship between the dielectric projection 18 and the non-
colored region of the color filter 22 is varied for every color.
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Therefore, it is possible to solve the problem of a variation in
color due to chromatic dispersion, which is raised in the
related art, and thus to achieve display having high color
reproducibility regardless of a voltage to be applied. Further,
in this embodiment, two sub-pixels 29a for reflective display
are provided in one dot region, and the connecting portions
between the sub-pixels contribute to reflective display, which
makes is possible to achieve bright reflective display. In addi-
tion, since a plurality of sub-dots for reflective display is
provided, the degree of freedom in color arrangement is
improved. Therefore, it is possible to effectively perform
color adjustment by, for example, separately arranging a col-
ored region and a non-colored region in each sub-dot (by, for
example, arranging the non-colored region at the center of a
sub-pixel and the non-colored region in the outer periphery of
another sub-pixel, or by changing the shape and arrangement
of the non-colored region for every sub-pixel).

Fourth Embodiment

Liquid Crystal Display Device

[0092] Next, a fourth embodiment of the invention will be
described. FIGS. 10A and 10B are plan views illustrating the
structure of one pixel of a liquid crystal display device 400
according to this embodiment. Specifically, FIG. 10A is a
plan view illustrating the structure of one pixel, as viewed
from an element substrate, and FIG. 10B is a plan view
illustrating the structure of one pixel, as viewed from a
counter substrate. FIG. 11 is a cross-sectional view illustrat-
ing the structure of the liquid crystal display device 400, and
specifically, is a partially cross-sectional view taken along the
line XI-XT of FIGS. 10A and 10B. FIG. 12 is a cross-sectional
view illustrating the structure of the liquid crystal display
device 400, and specifically, is a partially cross-sectional
view taken along the line XII-XII of FIGS. 10A and 10B. In
addition, in this embodiment, the same members or parts as
those in the third embodiment have the same reference
numerals, and a description thereof will be omitted.

[0093] The fourth embodiment is different from the third
embodiment in that an insulating film 40 for adjusting the
thickness of a liquid crystal layer is provided on the element
substrate and color filters are protected by an overcoat layer,
in that sub-pixels for reflective display are divided into a
sub-pixel having a reflective function and a sub-pixel having
an electrode function and a reflective film having the elec-
trode function is separately provided from a pixel electrode 9,
and in that the shape, arrangement, and number of non-col-
ored regions in each color filter are varied. Other structures
are the same as those in the third embodiment.

[0094] As shown in FIG. 10A, in the liquid crystal display
device 400 of this embodiment, each of the pixel electrodes 9
provided in dot regions D1 to D3 is divided into a plurality (in
this embodiment, three) of sub-pixels (island-shaped por-
tions) 29a and 295 by slits 19 provided in the respective dot
regions, and the sub-pixels are connected to each other at the
central portions (by connecting portions). The sub-pixels 29a
and 294 and the connecting portions for connecting the sub-
pixels are integrally formed by a conductive film made of a
transparent material, such as ITO (indium tin oxide). Two
sub-pixels 29a located at the upper side of FIG. 10A are
arranged in a region where a reflective film 45 partially pro-
vided in each dot region is formed, and the other sub-pixel 29
located at the lower side is arranged in a region where the
reflective film 45 is not formed. The plane region of the
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sub-pixels 29qa arranged in the region where the reflective film
45 is formed serves as a reflective display region R of the
liquid crystal display device 400, and the plane region 295 of
the lower sub-pixel 295 serves as a transmissive display
region T thereof. The reflective film 45 has unevenness on a
surface thereof, and reflected light is scattered by the uneven-
ness, which makes it possible to achieve display having high
visibility. That is, the liquid crystal display device 400 of this
embodiment is a transflective liquid crystal display device in
which one dot region includes the reflective display region R
for performing reflective display and the transmissive display
region T for performing transmissive display and in which
about two thirds of a display region contributes to reflective
display and one third thereof contributes to transmissive dis-
play. In FIGS. 10A and 10B, boundaries between the reflec-
tive display regions R and the transmissive display regions T
are represented by a one-dot chain line. Further, the reflective
film 45 is also provided in regions where the connecting
portions for connecting the sub-pixels are formed, so that the
connecting portions also contribute to reflective display.
Dielectric projections 18, which are alignment regulators for
regulating the alignment of liquid crystal, are provided at the
centers of the sub-pixels 29a and 295, respectively. In addi-
tion, the respective sub-pixels 294 and 295 are chamfered to
have substantially octagonal or circular shapes in plan view.

[0095] Meanwhile, in the sectional structure shown in
FIGS. 11 and 12, the liquid crystal display device 400
includes an element substrate 10 and a counter substrate 25
opposite thereto, and a liquid crystal layer S0 composed of
liquid crystal that has negative dielectric anisotropy (where a
refractive index anisotropy An is, for example, 0.1) and is
vertically aligned in an initial alignment state is interposed
between the substrates 10 and 25. The liquid crystal layer 50
is formed substantially with a uniform thickness in a region in
which the pixel electrodes 9 are formed, as shown in FIGS. 11
and 12. A backlight (not shown) having a light source, serving
as an illuminating unit, a reflector, an optical waveguide, etc.,
is provided on an outer side of a liquid crystal cell opposite to
an outer surface of the element substrate 10. A substantially
bar-shaped ellipsoid denoted by reference numeral 51 con-
ceptually represents a liquid crystal molecule that is vertically
aligned.

[0096] The element substrate 10 includes, as a base sub-
strate, a substrate body 10A made of a transmissive material,
such as quartz or glass. Scanning lines 3a are formed on an
inner surface (a surface facing the liquid crystal layer) of the
substrate body 10A. A gate insulating film 14 is formed to
cover the scanning lines 3a, and data lines 6a, etc., are formed
on the gate insulating film 14 (see FIG. 10A). In addition, an
interlayer insulating film 15 is formed to cover the data lines
6a, etc. The reflective film 45 composed of a metal film made
of a reflective material, such as Al or Ag, is partially formed
on the interlayer insulating film 15. It is preferable that the
reflective film 45 be formed on an insulating film having
unevenness thereon to have unevenness on a surface thereof.
A region where the reflective film 45 is arranged serves as the
reflective display region R. In addition, an insulating film 40
may be formed below the reflective film 45.

[0097] The insulating film 40 is selectively formed on the
interlayer insulating film 15 so as to be positioned above the
reflective film 45 (that is, so as to correspond to the reflective
display region R). The insulating film 40 partially formed in
the dot region causes the thicknesses of the liquid crystal layer
50 to be different from each other in the reflective display
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region R and the transmissive display region T. The insulating
film 40 is composed of a film made of an organic material,
such as acrylic resin. The insulating film 40 is formed with a
thickness of about 2 pm=1 pm, and the thickness of the liquid
crystal layer 50 in a region where the insulating film 40 is not
provided is about 2 to 6 pm. The thickness of the liquid crystal
layer 50 in the reflective display region R is half that of the
liquid crystal layer 50 in the transmissive display region T.
That is, the insulating film 40 functions as a liquid-crystal-
layer-thickness adjusting layer to cause the thicknesses of the
liquid crystal layer 50 to be different from each other in the
reflective display region R and the transmissive display
region T, thereby realizing a multi-gap structure. In this way,
the liquid crystal display device 400 of this embodiment can
achieve bright, high-contrast display. In addition, an inclined
surface in which the thickness of the insulating film 40 is
continuously varied is formed around the boundary between
the reflective display region R and the transmissive display
region T. In addition, the inclined surface substantially over-
laps an edge portion of the reflective film 45 arranged at the
center of the dot region in plan view, and also overlaps a linear
electrode film (connecting portion) for connecting adjacent
sub-pixels.

[0098] Further, pixel electrodes 9 made of a transparent
conductive material, such as ITO, are formed on the element
substrate 10 having the insulating film 40 thereon. Although
not shown, a vertical alignment film made of, for example,
polyimide is formed to cover the pixel electrodes 9, the insu-
lating film 40, and the interlayer insulating film 15, so that the
liquid crystal molecules 51 are vertically aligned with respect
to the substrates in their initial states. In this embodiment, the
structure on the outer side of the substrate body 10A is the
same as that in the first embodiment.

[0099] The counter substrate 25 includes, as a base sub-
strate, a substrate body 25A made of a transmissive material,
such as quartz or glass. Color filters (color filter layers) 22 are
formed on an inner surface of the substrate body 25A so as to
be laid across the reflective display regions R and the trans-
missive display regions T.

[0100] As shown in FIG. 10B, the color filters 22 are com-
posed of plural types of color filters (colored layers) 22R,
22G, and 22B having different colors, and a light-shielding
layer (black matrix) made of a black resin is formed among
the respective color filters 22R, 22G, and 22B constituting the
color filters 22, if necessary. Rectangular opening regions
(non-colored regions) HR not having a coloring material
arranged therein are formed in the red color filter 22R at
positions corresponding to the centers of the sub-pixels 29a
for reflective display, respectively. The shape and arrange-
ment (an arrangement relationship with the dielectric projec-
tions 18) oftwo non-colored regions HR formed in the red dot
region D1 can be arbitrarily designed. That is, the two sub-
pixels 294 may have the same shape and arrangement, or
different shapes and arrangements. In this embodiment, for
example, the sub-pixels have different shapes and arrange-
ments. In addition, the opening region (non-colored region)
HR is also formed in a portion corresponding to the connect-
ing portion for connecting the sub-pixels 29a. The non-col-
ored region HR formed in the connecting portion is formed in
a strip shape extending in the horizontal direction of the
connecting portion, and the stripe-shaped non-colored region
HR causes the red color filter 22R in one dot region D1 to be
separated in the vertical direction. A cross-shaped opening
region (non-colored region) HG is formed at the center of the
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reflective display region R in the green color filter 22G. A
portion of the non-colored region HG extending in the verti-
cal direction is formed at positions corresponding to the cen-
ters of two sub-pixels 29a for reflective display and at a
position where the sub-pixels 29a are connected to each other.
In addition, a portion of the non-colored region HG extending
in the horizontal direction is formed corresponding to the
connecting portion for connecting the sub-pixels 29a. The
non-colored region HG formed in the connecting portion is
formed in a strip shape extending in the horizontal direction
of the connecting portion, and the stripe-shaped non-colored
region HG causes the green color filter 22G in one dot region
D2 to be separated in the vertical direction. Two opening
regions (non-colored regions) HB having ‘U’ shapes in plan
view are formed in the outer periphery of the reflective dis-
play region R in the blue color filter 22B such that a cross-
shaped colored region remains at the center of the reflective
display region R. A vertically extending portion of the blue
colored region arranged in the reflective display region R is
formed at positions corresponding to the centers of two sub-
pixels 29a for reflective display and at a position where the
sub-pixels 29a are connected to each other. In addition, a
horizontally extending portion of the blue colored region is
formed corresponding to the connecting portion for connect-
ing the sub-pixels 29a. The blue colored region formed in the
connecting portion is formed in a strip shape extending in the
horizontal direction of the connecting portion, and the stripe-
shaped colored region causes the non-colored region HB of
the blue color filter 22B in one dot region D3 to be separated
in the vertical direction. The area ratio of the colored region
having a coloring material arranged therein to the non-col-
ored region not having a coloring material arranged therein
(the colored region/the non-colored region) is set to be most
suitable for the respective colors of R, G, and B in consider-
ation of the color balance of each color. For example, in this
embodiment, the green color filter 22G (that is, the non-
colored region HG) having a high degree of luminosity has
the largest area of the non-colored region, followed by the red
color filter 22R and the blue color filter 22B in this order.
Accordingly, the blue color filter 22B has the highest area
ratio, followed by the red color filter 22R and the green color
filter 22G in this order.

[0101] Referring to FIGS. 11 and 12 again, an overcoat
layer 41 is provided on the color filters 22. Concave portions
P (see FIG. 11) are respectively formed at positions corre-
sponding to the non-colored regions HR of the red color filter
22R and the non-colored region HG of the green color filter
22G in the overcoat layer 41, corresponding to the uneven
shapes of the color filters 22. That is, step portions are formed
in the overcoat layer 41 by a thickness corresponding to a
portion that is not planarized by the overcoat layer 41, at the
centers of the reflective display regions R ofthe red dotregion
D1 and the green dot region D2, and the step portions appear
on the surface of the overcoat layer 41 as the concave portions
P. The concave portion P causes the gap of the liquid crystal
layer at the center of the reflective display region R to be
greater than that of the liquid crystal layer in the periphery
thereof in the red dot region D1 and the green dot region D2.
On the other hand, the non-colored region HB is arranged
corresponding to the edge of the reflective display regionR in
the blue color filter 22, and thus the concave portion is not
formed at the center of the reflective display region R therein
(see FIG. 12).
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[0102] Furthermore, a counter electrode 31 is formed on the
inner surface of the substrate body 25A so as to cover the
overcoat layer 41. The counter electrode 31 is a conductive
film made of a transparent material, such as ITO, and the
dielectric projections 18 protruding toward the liquid crystal
layer 50 are provided on the counter electrode 31 at positions
facing the pixel electrodes 9. Although the dielectric projec-
tion 18 is shown to have substantially a triangular shape in
sectional view in the drawings, in practice, it is formed in a
hemispherical shape. One dielectric projection 18 is formed
corresponding to the center of the sub-pixel 295 in the trans-
missive display region T, and two dielectric projections 18 are
formed corresponding to the centers of the sub-pixels 29a in
the reflective display region R, respectively. The dielectric
projections 18 of the reflective display regions R are arranged
in the concave portions P formed in the overcoat layer 41 in
the red dot region D1 and the green dot region D2 (see FIG.
11). On the other hand, since the concave portion is not
provided in the blue dot region D3, the dielectric projection
18 is arranged on a flat surface (see FIG. 12). These dielectric
projections 18 are made of a dielectric material, such as resin,
and can be formed by a photolithography technique using a
mask. In this embodiment, the dielectric projections 18 are
collectively formed with a height of 1.2 pm and a diameter of
12 pm in the reflective display region R and the transmissive
display region T using a positive resist made of a novolac-
based material. After the resist is developed, post-baking is
performed at a temperature of 220° C., thereby obtaining
hemispherical projections. The dielectric projection 18 is
formed with a height most suitable for transmissive display,
and is formed with a relatively large height in the reflective
display region R.

[0103] Although not shown, a vertical alignment film made
of, for example, polyimide is formed so as to cover the
counter electrode 31 and the dielectric projections 18 to cause
the liquid crystal molecules 51 to be vertically aligned with
respect to the substrates in their initial states. In this embodi-
ment, the structure on the outer side of the substrate body 25A
is the same as that in the first embodiment.

Display Operation

[0104] Next, a display operation of the liquid crystal dis-
play device 400 of this embodiment will be described. Since
the operation of the liquid crystal display device in the trans-
missive mode is the same as that in the first embodiment, only
the operation of the liquid crystal display device in the reflec-
tive mode will be described.

[0105] In the reflective mode, external light incident from
the outer side of the counter electrode 25 is converted into
circularly polarized light while passing through the polariz-
ing plate 37 and the retardation plate 36, and is then incident
on the liquid crystal layer 50. Since the liquid crystal mol-
ecules vertically aligned with respect to the substrates when
no voltage is applied have no refractive index anisotropy, the
circularly-polarized light travels through the liquid crystal
layer 50 to the sub-pixel 29a (reflective electrode). Then, the
light is reflected from the sub-pixel 294 to return to the liquid
crystal layer 50, and is then incident on the retardation plate
36 again. In this case, since the rotation direction of the
circularly polarized light reflected from the sub-pixel 29a is
reversed, the light is converted into linearly polarized light
whose transmission axis is orthogonal to the transmission
axis of the polarizing plate 37 by the retardation plate 36. In
addition, since the linearly polarized light does not pass
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through the polarizing plate 37, black display is performed in
the liquid crystal display device 400 of this embodiment when
no voltage is applied (normally black mode).

[0106] Meanwhile, when a voltage is applied to the liquid
crystal layer 50, the liquid crystal molecules are aligned so as
to be inclined with respect to the substrates, so that they have
refractive index anisotropy with respect to transmission light.
Therefore, the circularly polarized light incident on the liquid
crystal layer 50 from the outer side of the counter substrate 25
is converted into linearly polarized light while passing
through the liquid crystal layer 50, and then reaches the
sub-pixel 29a (reflective electrode). Then, the light is
reflected from the sub-pixel 29a, and passes through the liq-
uid crystal layer 50 to be incident on the retardation plate 36
again. Since the reflected light is circularly polarized light
having the same rotation direction as the previously incident
light, it is converted into linearly polarized light whose trans-
mission axis is parallel to the transmission axis of the polar-
izing plate 37 by the retardation plate 36, and then passes
through the polarizing plate 37. Therefore, in the liquid crys-
tal display device 400 of this embodiment, white display is
performed when a voltage is applied. In addition, it is possible
to perform gray-scale display by adjusting the voltage applied
to the liquid crystal layer 50 in the above-mentioned struc-
ture. In this case, in this embodiment, since the dielectric
projections 18 are arranged corresponding to the centers of
the sub-pixels 294, respectively, the liquid crystal molecules
51 are vertically aligned with respect to the outlines of the
sub-pixels 29a. In addition, the liquid crystal molecules 51
are vertically aligned with respect to the inclined surfaces of
the dielectric projections 18 in the vicinities of the dielectric
projections 18 when no voltage is applied. On the other hand,
when a voltage is applied, as shown in FIGS. 11 and 12, the
liquid crystal molecules 51 are inclined from the dielectric
projections 18 toward the outer sides thereof. That is, the
liquid crystal molecules 51 are aligned in the radial direction
of each dielectric projection 18 in plan view. Therefore, the
liquid crystal display device 400 of this embodiment can
display image at a wider viewing angle by allowing directors
of the liquid crystal molecules 51 to be aligned in all direc-
tions when a voltage is applied. In addition, external light
passes through the color filters 22 two times when it is inci-
dent and exits. However, since the non-colored regions HR,
HG, and HB are formed in the color filters 22, colored light is
not made dark. That is, since the non-colored regions HR,
HG, and HB are provided in a portion of a region overlapping
the sub-pixel 294 in plan view, a mixture of non-colored light
passing through the non-colored regions and colored light
passing through the colored regions is obtained in the reflec-
tive mode. Therefore, the color of the colored light tones
down by the non-colored light, so that light having the same
color as that in the transmissive mode is emitted.

[0107] Further, in this embodiment, since the dielectric pro-

jections 18 of the reflective display regions R of the red dot
region D1 and the green dot region D2 are arranged in the
concave portions P formed by the non-colored regions HR
and HG, the thickness of the liquid crystal layer on the upper
side of the dielectric projection 18 is maintained to be larger,
compared to a case in which the dielectric projection is pro-
vided on a flat surface not having the concave portion P.
Therefore, the liquid crystal molecules in the vicinities of the
projections can sufficiently contribute to retardation, which
makes it possible to increase the area of a region contributing
to display in practice.
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[0108] Meanwhile, since the dielectric projections are
formed on the flat surface not having the concave portions
therein in the blue dot region D3, a gap between the dielectric
projection 18 and the element substrate 10 becomes exces-
sively narrow. Therefore, the liquid crystal molecules in the
vicinities of the projections cannot contribute to display in
practice (that is, desired gray-scale display cannot be per-
formed). However, when a high voltage is applied, the liquid
crystal molecules around the projections contribute to bright
display. Therefore, the liquid crystal molecules function to
shield light around the projections when a low voltage is
applied, and to transmit light around the projections when a
high voltage is applied. That is, the liquid crystal molecules
around the projections serve as valves for adjusting transmit-
tance (that is, the shade of colored light) according to the
applied voltage. Thus, the vertical alignment mode used in the
related art has problems in that a shift in color from white to
blue occurs when a low voltage is applied, and a shift in color
from white to yellow occurs as a voltage is changed from a
low level to a high level. However, in this embodiment, the
amount of blue colored light becomes small when a low
voltage is applied, and becomes large when a high voltage is
applied (that is, a dark color is reduced when a low voltage is
applied, and a light color is enhanced when a high voltage is
applied). Therefore, it is possible to obtain high color repro-
ducibility in display, regardless of a voltage to be applied.

[0109] Further, in this embodiment, the non-colored
regions HR and HG of the color filters 22R and 22G are
formed in a region including the connecting portions between
the sub-pixels 29a in the reflective display regions R of the red
dot region D1 and the green dot region D2, and the colored
region of the color filter 22B is formed in a region including
the connecting portions between the sub-pixels 294 in the
reflective display region R of the blue dot region D3. In this
structure, when a low voltage is applied, liquid crystal mol-
ecules positioned in a region between the sub-pixels 29a (a
region between island-shaped portions) does hardly contrib-
ute to bright display. Therefore, light is hardly emitted from
the colored region that is arranged to overlap the region
between the island-shaped portions in plan view, resulting in
dark display (light color display). On the other hand, when a
high voltage is applied, the liquid crystal molecules arranged
in the region between the island-shaped portions also contrib-
ute to bright display. Therefore, the loss of light is reduced,
and thus bright display (deep color display) is obtained. In the
structure of this embodiment, the amount of blue light
becomes small when a low voltage is applied, and the amount
of blue light becomes large when a high voltage is applied
(that is, a deep color tones down when a low voltage is
applied, and a light color is enhanced when a high voltage is
applied). Thus, the above-mentioned structure makes it pos-
sible to achieve display having high color reproducibility.

[0110] As described above, since the liquid crystal display
device 400 of this embodiment also adopts the multi-gap
structure, it is possible to achieve high-contrast display both
in reflective display and in transmissive display. In addition,
since one dot is divided into a plurality of island-shaped
sub-pixels, it is possible to perform display at a wider viewing
angle in all directions. Further, since a portion of the color
filter 22 is opened to form a non-colored region, not having a
coloring material arranged therein, in the reflective display
region, it is possible to reduce a difference in the shade of
color between the reflective mode and the transmissive mode.
In addition, in this embodiment, the relative positional rela-
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tionship between the dielectric projection 18 and the non-
colored region of the color filter 22 is varied for every color.
Therefore, it is possible to solve the problem of a variation in
color due to chromatic dispersion, which has been raised in
the related art, and thus to achieve display having high color
reproducibility regardless of a voltage to be applied. Further,
since the relative relationship between the non-colored region
of'the color filter 22 and the region between the island-shaped
portions is varied for every color, it is possible to further
suppress the effect of chromatic dispersion on colors. In addi-
tion, in this embodiment, two sub-pixels 29a for reflective
display are provided in one dot region, and the connecting
portions between the sub-pixels contribute to reflective dis-
play, which makes is possible to achieve bright reflective
display. Further, since a plurality of sub-dots for reflective
display is provided, the degree of freedom in color arrange-
ment is improved. Therefore, it is possible to effectively per-
form color adjustment by, forexample, separately arranging a
colored region and a non-colored region in each sub-dot.

Fifth Embodiment

Liquid Crystal Display Device

[0111] Next, a fifth embodiment of the invention will be
described. FIG. 13 is an enlarged plan view schematically
illustrating the structure of one pixel region of a liquid crystal
display device 500 of this embodiment, as viewed from a
counter substrate. In addition, in this embodiment, the same
members or parts as those in the third embodiment have the
same reference numerals, and a description thereof will be
omitted.

[0112] The fifth embodiment is different from the third
embodiment in that the area ratio of a reflective display region
R to a transmissive display region T is varied for every color
in one dot region. Other structures are the same as those in the
third embodiment.

[0113] As shown in FIG. 13, in the liquid crystal display
device 500 of this embodiment, sub-pixels have different
shapes and arrangements in one dot region, which causes the
area ratio of the reflective display region R to the transmissive
display region T to be varied in each dot region D1 to D3. In
FIG. 13, a boundary between the reflective display region R
and the transmissive display region T in the respective dot
regions D1 to D3 is represented by a one-dot chain line. Areas
of the reflective display regions R of R, G, and B dots are
represented by E1R, E1G, and E1B, respectively, and areas of
the transmissive display regions T thereof are represented by
E2R, E2G, and E2B, respectively. The area ratio of the reflec-
tive display region to the transmissive display region (the
reflective display region/the transmissive display region) is
set to be most suitable for R, G, and B in consideration of the
color balance of each color. For example, in this embodiment,
the green dot region D2 with a high degree of visibility has the
smallest area of the reflective display region R, followed by
the red dot region D1 and the blue dot region D3 in this order
(E1B>E1R>E1G). Accordingly, the blue dot region D3 has
the highest arearatio, followed by the green dot region D2 and
the red dot region D1 in this order. In addition, The area ratio
of the colored region having a coloring material arranged
therein to the non-colored region not having a coloring mate-
rial arranged therein (the colored region/the non-colored
region) is set to be most suitable for R, G, and B in consider-
ation of the color balance of each color. For example, in this
embodiment, the green color filter 22R (that is, the non-
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colored region HG) with a high degree of visibility has the
largest area of the non-colored region, followed by the red
color filter 22R and the blue color filter 22B in this order.
Accordingly, the blue color filter has the highest area ratio,
followed by the red color filter 22R and the green color filter
22G in this order. In this structure, it is possible to suppress
the emission of yellow colored light by allowing intense blue
colored light to be emitted in reflective display. In addition, it
is possible to adjust a color by using a backlight having an
intense emission spectrum in a short wavelength in transmis-
sive display.

[0114] Further, in this embodiment, a display operation is
the same as that in the third embodiment, and thus a descrip-
tion thereof will be omitted.

[0115] As described above, in this embodiment, the area
ratio of the colored region to the non-colored region of the
color filters 22R, 22G, and 22B is varied for every color, and
the area ratio of the reflective display region to the transmis-
sive display region is varied for every color. Thus, it is pos-
sible to further improve color reproducibility in reflective
display.

Electronic Apparatus

[0116] FIG. 14 is a perspective view of an exemplary elec-
tronic apparatus according to the invention. A cellular phone
1300 shown in FIG. 14 includes the display device according
to the invention as a small display unit 1301, a plurality of
operation buttons 1302, areceiver unit 1303, and a transmitter
unit 1304.

[0117] The display device according to the above-de-
scribed embodiments can be applied as image display units of
various electronic apparatuses, such as an electronic book, a
personal computer, a digital still camera, a liquid crystal
television, a view-finder-type or monitor-direct-view-type
videotape recorder, a car navigation apparatus, a pager, an
electronic organizer, an electronic calculator, a word proces-
sor, a workstation, a television phone, a POS terminal, and
apparatuses including touch panels, in addition to the above-
mentioned cellular phone. In this case, all the electronic appa-
ratuses can perform bright, high-contrast transmissive/reflec-
tive display at a wider viewing angle.

[0118] Although a description has been given above of the
preferred embodiments of the invention with reference to the
accompanying drawings, the invention is not limited thereto.
The shapes or arrangements of components and a combina-
tion thereof shown in the above-described embodiments are
just illustrative examples, and can be changed or modified
based on the design requirements, without departing from the
scope or spirit of the invention.

[0119] For example, in the above-described embodiments,
the liquid-crystal-layer-thickness adjusting layer or the color
filters 22 can be arbitrarily arranged. That is, the liquid-
crystal-layer-thickness adjusting layer may be formed on the
element substrate or the counter substrate, or it may be
formed on both sides. Similarly, the color filters 22 can be
formed on the element substrate as well as on the counter
substrate. For example, in the third embodiment, the color
filters 22 may be formed between the reflective film 45 and the
insulating film 40.

[0120] Further, in the first to third and fifth embodiments,
the sub-pixel 29a for reflective display is made of a conduc-
tive material having a light-reflective property. However, as in
the fourth embodiment, the electrodes may be made of a
transparent conductive material, and a light-reflective film
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may be separately formed therefrom. On the contrary, in the
fourth embodiment, the sub-pixels for reflective display may
be made of a conductive material having a light-reflective
property to remove the reflective film 45, as described in the
first embodiment.

[0121] Furthermore, in the above-described embodiments,
the dielectric projections 18 having substantially conic
shapes, serving as members for regulating the alignment of
liquid crystal, are arranged at the centers of the sub-pixels.
However, instead of them, a wall-shaped narrow projection
extending around the outer periphery of the sub-pixel may be
formed as an alignment regulator. The narrow, elongated
projections have the same effects and operations as the sub-
stantially conic projections 18. In addition, a slit-shaped
opening (electrode slit) formed by cutting out a portion of a
liquid-crystal driving electrode (the pixel electrode 9 or the
counter electrode 31) may be used as the alignment regulator.
The electrode silt is different from the projection in principle,
but has the same effects and operations as the projection. In
addition, the alignment regulator may be composed of a com-
bination of the electrode slit and the projection. The align-
ment regulator is not necessarily formed on the same sub-
strate as the color filter 22. That is, the alignment regulator
and the color filter 22 may be formed on different substrates.
[0122] Moreover, in the above-described embodiments, the
insulating film 40 for adjusting the thickness of the liquid
crystal layer is formed only in the reflective display region R,
but may be formed in the transmissive display region T as well
as in the reflective display region R. In this case, the thick-
nesses of the insulating films in the respective display regions
are adjusted such that the thickness of the liquid crystal layer
in the reflective display region R is smaller than that in the
transmissive display region T. For example, the thickness of
the insulating film in the reflective display region R is
adjusted larger than that in the transmissive display region T.
In addition, the insulating film 40 may be formed not only on
one substrate, but also on both substrates.

[0123] Further, in the above-described embodiments,
TFTs, which are three-terminal elements, are used as pixel
driving elements. However, TFDs (thin film diodes), which
are two-terminal elements, may be used instated of the TFTs.
In addition, the invention can be applied to a passive matrix
liquid crystal display device not having these driving ele-
ments (for example, an STN-type liquid crystal display
device).

What is claimed is:

1. A liquid crystal display device comprising:

a pair of substrates;

a liquid crystal layer interposed between the pair of sub-
strates, the liquid crystal layer including a liquid crystal
having a negative dielectric anisotropy;

a plurality of dot regions each having a transmissive dis-
play region, and a reflective display region;

alignment regulators that are provided between the liquid
crystal layer and at least one of the pair of substrates to
regulate the alignment of the liquid crystal in the reflec-
tive display regions;

a liquid-crystal-layer-thickness adjusting layer provided
between the liquid crystal layer and at least one of the
pair of substrates to provide the liquid crystal layer with
a smaller thickness in the reflective display regions than
in the transmissive display regions; and

acolor filter layer provided between the liquid crystal layer
and at least one of the pair of substrates, the color filter
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layer including first colored layers and second colored
layers having a color different from a color of the first
colored layers, each of which correspond to a respective
one of the dot regions;

wherein the alignment regulators overlap with the first

colored layers in the reflective display regions within dot
regions in which the first colored layers are provided,
and the alignment regulators do not overlap with the
second colored layers in the reflective display regions
within dot regions in which the second colored layers are
provided.

2. The liquid crystal display device according to claim 1,
wherein non-colored regions are provided in the reflective
display regions within dot regions in which the second col-
ored layers are provided, and the non-colored regions overlap
the alignment regulators in plan view.

17
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3. The liquid crystal display device according to claim 2,
wherein the alignment regulators are arranged entirely inside
the non-colored regions in plan view.

4. The liquid crystal display device according to claim 2,
wherein the non-colored regions are openings formed by
cutting out a portion of the second colored layers in the
reflective display regions.

5. The liquid crystal display device according to claim 1,
further comprising electrodes provided in each of the dot
regions for driving the liquid crystal layer, each of the elec-
trodes including a plurality of island-shaped portions electri-
cally connected to each other, and the island-shaped portions
being arranged in each of the reflective display regions and
the transmissive display regions.

6. An electronic apparatus comprising the liquid crystal
display device according to claim 1.
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