US 20120069285A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0069285 A1

KOMA et al. (43) Pub. Date: Mar. 22, 2012
(54) TRANSFLECTIVE LIQUID CRYSTAL 30) Foreign Application Priority Data
DISPLAY DEVICE AND COLOR LIQUID
CRYSTAL DISPLAY DEVICE May 21,2004  (JP) .ecoveieivinicciciienee 2004-152609
Jul. 22,2004 (JP) oo 2004-214628
(75) Inventors: Norio KOMA, Motosu-gun (JP); I\gcl’l\ll 3(2)’ %883 85% """"""""""""""""" 3883:53“7‘832
Kazuhiro INOUE, Mizuho-shi 30,2004 (IP) oo
(JP); Kazuyuki MAEDA, Publication Classification
Nishikasugai-gun (JP); Masaaki (51) Int.ClL
AOTA, Ogaki-shi (JP); Masayuki GO2F 1/1343 (2006.01)
KAMETANIL, Tottori-shi (JF) CZ R LI ¢ 349/143
(73) Assignee: SANYO ELECTRIC CO., LTD., 67 ABSTRACT
Osaka (JP) A vertical alignment liquid crystal layer is sealed between a
first substrate having a first electrode and a second substrate
(21) Appl. No.: 13/303,432 having a second electrode, each pixel region has a reflective
region and a transmissive region, and a gap adjusting section
(22) Filed: Nov. 23, 2011 is provided on one of sides of the first substrate and the second
substrate which sets a thickness (gap) d of the liquid crystal
N layer which controls a phase difference of incident light to the
Related U.S. Application Data liquid crystal layer so that a gap dr in the reflective region is
(63) Continuation of application No. 12/964,855, filed on smaller than a gap dt in the transmissive region. An alignment

Dec. 10, 2010, now Pat. No. 8,089,596, which is a
continuation of application No. 12/491,744, filed on
Jun. 25, 2009, now Pat. No. 7,876,407, which is a
continuation of application No. 11/132,767, filed on
May 19, 2005, now Pat. No. 7,573,551.

3/30’ 330BM 330g “/A\
/

controller which divides alignment of the liquid crystal within
a pixel region is provided in the pixel region on at least one of
the sides of the first substrate and the second substrate. It is
also possible to optimize by changing the gap in red, green,
and blue.
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TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY DEVICE AND COLOR LIQUID
CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of U.S. patent application Ser. No. 12/964,855, filed on
Dec. 10, 2010, which is a continuation application of U.S.
patentapplication Ser. No. 12/491,744, filed on Jun. 25, 2009,
which is a continuation application Of U.S. patent application
Ser. No. 11/132,767, filed on May 19, 2005, the entire con-
tents of which are incorporated herein by references. The Ser.
No. 12/964,855 application, the Ser. No. 12/491,744, and the
Ser. No. 11/132,767 application claimed priority to the earlier
filed Japanese Patent Application No. 2004-347905 filed
Nov. 30, 2004, priority to which is also claimed herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a transflective
(semitransmissive) liquid crystal display device in which
both a reflective region and a transmissive region are provided
in each pixel.

[0004] 2. Description of the Related Art

[0005] Because liquid crystal display (hereinafter simply
referred to as “LCD”) devices have advantages such as thin
thickness and low power consumption, the LCD devices are
currently widely in use as a computer monitor and a monitor
for a portable information device. In an LCD, liquid crystal is
sealed between a pair of substrates and alignment of the liquid
crystal positioned between the substrates is controlled by
electrodes formed on the substrates to realize a display.
Unlike CRT (Cathode Ray Tube) display devices and elec-
troluminescence (hereinafter simply referred to as “EL”) dis-
play devices, fundamentally, the LCD is not self-emissive,
and, therefore, requires a light source for displaying an image
for an observer.

[0006] In a transmissive LCD, a transparent electrode is
employed as the electrodes to be formed on the substrates, a
light source is provided at the back or side of a liquid crystal
display panel and an amount of transmission of light from the
light source is controlled in the liquid crystal panel to achieve
a bright display even in a dark surroundings. However,
because the light source is always being switched on to
achieve display, power consumption by the light source is
unavoidable, and, moreover, there is a disadvantage that suf-
ficient contrast cannot be secured in an environment with
intense ambient light such as outdoors during daytime.

[0007] Inareflective LCD, on the other hand, ambient light
such as the sun and the indoor light is used as the light source.
The ambient light entering the liquid crystal panel is reflected
by a reflective electrode formed on a substrate on a side of a
non-observation surface. A display is realized by controlling,
for each pixel, the amount of emission light from the liquid
crystal panel of the light which enters the liquid crystal layer
and is reflected by the reflective electrode. Because the reflec-
tive LCD uses the ambient light as the light source, no power
is consumed by the light source unlike the transmissive LCD
and, consequently, has a very low power consumption. The
reflective LCD has a characteristic that a sufficient contrast
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can be obtained when the environment is bright such as the
outdoors, but the display cannot be viewed when there is no
ambient light.

[0008] Recently, a transflective (semitransmissive) LCD
has been proposed and attracted much attention as a display
that can easily be seen outdoors and also in a dark environ-
ment. The transflective LCD has both a reflective function and
a transmissive function as shown in, for example, Japanese
Patent Laid-Open Publication No. Hei 11-101992 and Japa-
nese Patent Laid-Open Publication No. 2003-255399. In a
transflective LCD, a transmissive region and a reflective
region are provided within a pixel region to obtain both the
transmissive function and the reflective function.

[0009] Because the transflective LCDs have superior vis-
ibility both outdoors and under dark environment, the use of
the transflective LCD as a display, for example, of a portable
information device is very effective.

[0010] However, in a portable information device, various
viewing conditions can be considered, and the viewing angle
must be widened in order to achieve display of high quality in
any of the various viewing conditions (in particular, various
viewing angles).

[0011] In addition, in a transflective LCD, because the
semi-transmissivity is achieved by dividing a pixel into a
transmissive region and a reflective region, the transmission
characteristic and the reflection characteristic are lower than
that in the transmissive LCD and that in the reflective LCD,
respectively. Therefore, in order to improve the display qual-
ity in each display region (transmissive region and reflective
region), it is necessary to achieve a higher contrast in both
regions.

[0012] However, in the field of transflective LCDs, efforts
have been devoted for improving a structure for realizing both
a transmissive mechanism and the reflective mechanism in
one structure, and attempts have not been made for improve-
ment in the display quality such as widening of the viewing
angle and improvement of the contrast.

SUMMARY OF THE INVENTION

[0013] The present invention advantageously provides a
transflective LCD and a color LCD with a high display qual-
ity.

[0014] According to one aspect of the present invention,
there is provided a transflective LCD comprising a plurality
of pixels, and a vertical alignment liquid crystal layer which
is sealed between a first substrate having a first electrode and
a second substrate having a second electrode, wherein each
pixel region comprises a reflective region and a transmissive
region, the reflective region comprises a gap adjusting sec-
tion, on at least one of sides of the first substrate and the
second substrate, which sets a gap defined by a thickness of
the liquid crystal layer which controls a phase difference of
light incident on the liquid crystal layer so that the gap is
smaller in the reflective region than in the transmissive region,
and the pixel region comprises an alignment controller which
divides an alignment direction of the liquid crystal within the
pixel region on at least one of the sides of the first substrate
and the second substrate.

[0015] Inthis manner, by using a vertical alignment liquid
crystal layer in a transflective LCD, the responsiveness can be
improved compared to, for example, well-known TN
(Twisted Nematic) liquid crystal and a display of a high
contrast can be realized. In addition, in vertical alignment
liquid crystal, the alignment of the liquid crystal is controlled
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to be in parallel or perpendicular to a plane of the substrate as
opposed to the TN liquid crystal or the like in which a pre-tilt
is applied and the alignment is controlled. Because of this
structure, the viewing angle dependency is fundamentally
low and the viewing angle can be widened compared to TN
liquid crystal. In addition, in the present invention, an align-
ment controller for dividing the alignment direction of the
liquid crystal within a pixel region is provided within a pixel
region, even when the LCD is observed from various angles,
a possibility that the observation position is within an opti-
mum range of viewing angles of the various divided regions is
high, and thus, it is possible to further widen the viewing
angle of the pixel. Therefore, even when the environment is
dark or bright, it is possible to realize a display which is highly
responsive, has a wide viewing angle, and has a high contrast
ratio.

[0016] Even in a simple calculation, it can be seen that a
total optical path length within the liquid crystal layer differs
in the reflective region in which the incident light is transmit-
ted through the liquid crystal layer twice and in the transmis-
sive region in which the incident light is transmitted only
once. By providing a gap adjusting section within a pixel
region, an optimum thickness of the liquid crystal layer (cell
gap) can be obtained in the reflective region and in the trans-
missive region. Therefore, coloring does not occur in the
reflective region or in the transmissive region and an optimum
reflectivity and transmissivity can be achieved. Therefore, it
is possible to achieve a display which is bright and has a
superior color reproducibility.

[0017] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, the align-
ment controller comprises an electrode absent section which
is formed in at least one of the first electrode and the second
electrode.

[0018] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, the align-
ment controller comprises a projection which projects toward
the liquid crystal layer from at least one of the sides of the first
substrate and the second substrate. Alternatively, both the
electrode absent section and the projection may be provided
in a pixel region as the alignment controller.

[0019] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, an end
surface of the gap adjusting section in the pixel region func-
tions as the alignment controller.

[0020] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, an angular
difference between an alignment direction of the liquid crys-
tal controlled by the alignment controller in the pixel region
and an alignment direction of the liquid crystal controlled by
another alignment controller having a projection line which
intersects a projection line of the alignment controller onto a
plane of the substrate is less than 90 degrees.

[0021] By achieving an angular difference of less than 90
degrees, it is possible to reliably prevent problems such as
generation of asperity in display due to generation of a dis-
clination line (boundary of regions having different align-
ment directions) in an uncertain position within a pixel
divided by the alignment controller.

[0022] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, the plural-
ity of pixels include a pixel for red, a pixel for green, and a
pixel for blue, and the gap in at least one of the transmissive
region and the reflective region of each pixel of at least one of
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the pixel for red, pixel for green, and pixel for blue differs
from the gap in the pixels of other colors.

[0023] Inthe pixels for red, green, and blue, transmittances
oflight having different colors (R, G, and B), that is, different
wavelengths, are controlled by the liquid crystal layer. There-
fore, the optimum gap (thickness of the liquid crystal layer)
may differ from each other depending on the wavelengths to
be transmitted. In such a case, by changing the gap of R, G, or
B pixel to be different from the gap of the other colors, it is
possible to easily obtain a full-color LCD having a low wave-
length dependency and a superior color reproducibility. In
addition, because the wavelength dependency can be
reduced, identical driving conditions can be used for each
pixel, allowing for reduction in processing load of the driver
circuit.

[0024] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, a quarter
wavelength plate and a half wavelength plate are provided on
the first substrate and the second substrate.

[0025] By providing both a quarter wavelength plate and a
half wavelength plate, combining the wavelength plates with
a linear polarizer plate, and using the combined structure as a
wide wavelength band circular polarizer plate, itis possible to
more reliably obtain required circular polarization for the
vertical alignment liquid crystal layer for all of the R, G, and
B light having different wavelengths, allowing for a further
reduction of the wavelength dependency of the LCD.

[0026] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, of the first
substrate and the second substrate, a substrate opposing a
substrate which is placed near a light source comprises a
phase difference plate having a negative refractive index
anisotropy.

[0027] By providing a phase difference plate (negative
retarder) having a negative refractive index anisotropy (opti-
cal anisotropy), it is possible to apply optical compensation
for the vertical alignment liquid crystal layer (liquid crystal
cell), allowing for a further widening of the viewing angle of
the LCD.

[0028] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, abiaxial
phase difference plate is provide on at least one of the first
substrate and the second substrate. By using the biaxial phase
difference plate, it is possible to realize, with one phase dif-
ference plate, the functions of, for example, a combination of
the negative retarder and the quarter wavelength plate and the
negative retarder and the half wavelength plate, to reduce the
thickness and to minimize the optical loss.

[0029] According to another aspect of the present inven-
tion, it is preferable that, in the transflective LCD, a plurality
of the first electrodes are formed on the side of the first
substrate each in an individual pattern for each pixel, a thin
film transistor is connected to each of the plurality of first
electrodes, the second electrode formed on the side of the
second substrate is formed as a common electrode which is
common to the plurality of pixels, and the gap adjusting
section is formed on the side of the second substrate.

[0030] By forming the gap adjusting section on the side of
the second substrate, it is possible to form the first substrate
side through steps that are common for the plurality of pixels
even when a thin film transistor is to be formed on the first
substrate side. Thus, it is possible to form the gap adjusting
section on the side of the second substrate having a simpler
structure than the first substrate simultaneously with the
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manufacturing of the first substrate having along total manu-
facturing time because the first substrate has a larger number
of elements, allowing for improvement in the manufacturing
efficiency.

[0031] According to another aspect of the present inven-
tion, there is provided a transflective liquid crystal display
device comprising a plurality of pixels, and vertical alignment
liquid crystal which is sealed between a first substrate having
a first electrode and a second substrate having a second elec-
trode, wherein each pixel region comprises a reflective region
and a transmissive region, a gap adjusting section which sets
a gap defined by a thickness of the liquid crystal layer which
controls a phase difference of light incident on the liquid
crystal layer to be smaller in the reflective region than that in
the transmissive region is provided on at least one of sides of
the first substrate and the second substrate, and a side surface
of the gap adjusting layer has a forward tapered shape in
which the width increases toward the substrate on which the
gap adjusting layer is formed.

[0032] In this manner, by employing a forward tapered
shape in the side surface of the gap adjusting layer, it is
possible to prevent disturbance in the alignment of the liquid
crystal at the side surface and to use the side surface as an
inclined surface for controlling the alignment.

[0033] As described, in the present invention, the viewing
angle can be widened and the contrast and the response speed
can be improved in a transflective LCD, allowing for realiza-
tion of an LCD having a high display quality.

[0034] According to another aspect of the present inven-
tion, there is provided a vertical alignment liquid crystal
display device having pixels for red, green, and blue for
displaying three primary colors of red, green, and blue, the
vertical alignment liquid crystal display device comprising a
first substrate on which a pixel electrode is formed for each
pixel, a second substrate which is placed opposing the first
substrate and which has a common electrode, liquid crystal
which is sealed between the first substrate and the second
substrate and which has a negative dielectric constant anisot-
ropy, a red color filter layer, a green color filter layer, and a
blue color filter layer which are placed on the second substrate
corresponding to the pixels for red, green, and blue, a first
vertical alignment film which is formed covering the pixel
electrode, and a second vertical alignment film which is
formed closer to the liquid crystal than are the common elec-
trode, the red color filter layer, the green color filter layer, and
the blue color filter layer, wherein a condition of D-bluezD-
green>D-red is satisfied wherein D-red is a thickness of the
red color filter layer, D-green is a thickness of the green color
filter layer, and D-blue is a thickness of the blue color filter
layer.

[0035] According to another aspect of the present inven-
tion, there is provided a vertical alignment liquid crystal
display device having pixels for red, green, and blue for
displaying three primary colors of red, green, and blue, the
vertical alignment liquid crystal display device comprising a
first substrate on which a pixel electrode is formed for each
pixel, a second substrate which is placed opposing the first
substrate and which has a common electrode, liquid crystal
which is sealed between the first substrate and the second
substrate and which has a negative dielectric constant anisot-
ropy, a red color filter layer, a green color filter layer, and a
blue color filter layer which are placed on the second substrate
corresponding to the pixels for red, green, and blue, a gap
layer which is selectively formed on the green color filter
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layer and the blue color filter layer, a first vertical alignment
film which is formed covering the pixel electrode, and a
second vertical alignment film which is formed closer to the
liquid crystal than are the common electrode, the red color
filter layer, the green color filter layer, the blue color filter
layer, and the gap layer.

[0036] By employing such a relationship and a structure, it
is possible to realize a display of low power consumption and
without coloring for any of three primary colors of red, green,
and blue, in a color vertical alignment liquid crystal display
device having pixels for displaying red, green, and blue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Preferred embodiments of the present invention will
be described in detail based on the following drawings,
wherein:

[0038] FIG. 1 is a diagram schematically showing a cross
sectional structure of a vertical alignment transflective LCD
according to a first preferred embodiment of the present
invention;

[0039] FIG. 2 is a diagram schematically showing another
cross sectional structure of a vertical alignment transflective
LCD according to a first preferred embodiment of the present
invention;

[0040] FIG. 3 is a diagram schematically and more specifi-
cally showing a planar structure of a transflective LCD
according to a first preferred embodiment of the present
invention;

[0041] FIG. 4 is a diagram schematically showing a cross
sectional structure of a transflective LCD along the A-A' line
of FIG. 3;

[0042] FIG. 5 is a diagram schematically showing a cross
sectional structure of a transflective LCD along the B-B' line
of FIG. 3;

[0043] FIG. 6 is a schematic cross sectional diagram show-
ing a structure of a pixel electrode and a TFT connected to the
pixel electrode in a transflective LCD of FIG. 3;

[0044] FIG. 7 is a diagram schematically showing a planar
structure of a transflective LCD which differs from the struc-
ture of FIG. 3 according to a first preferred embodiment of the
present invention;

[0045] FIG. 8 is a diagram schematically showing a cross
sectional structure of a transflective LCD along the C-C' line
of F1G. 7,

[0046] FIG. 9 is a diagram schematically showing a planar
structure of a transflective LCD according to an alternative
configuration of the preferred embodiment of FIG. 3;

[0047] FIG.10isadiagram schematically showing a planar
structure of a transflective LCD according to another alterna-
tive configuration of the preferred embodiment of FIG. 3;
[0048] FIG.11 isadiagram showing arelationship between
the applied voltage and transmittance characteristic for vari-
ous cell structures in a vertical alignment transflective LCD
according to a first preferred embodiment of the present
invention;

[0049] FIG. 12 is a diagram showing a wavelength depen-
dency of a relationship between a transmittance characteristic
and the applied voltage in a vertical alignment transflective
LCD according to a first preferred embodiment of the present
invention;

[0050] FIG. 13 is a diagram showing a wavelength depen-
dency of arelationship between a transmittance characteristic
and an applied voltage when the cell gap is adjusted for red,
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green, and blue in a vertical alignment transflective LCD
according to a first preferred embodiment of the present
invention:

[0051] FIG. 14 is a diagram showing a chromaticity coor-
dinate showing a dependency of chromaticity on an applied
voltage in a vertical alignment transflective LCD according to
a first preferred embodiment of the present invention;
[0052] FIG. 15 is a diagram showing a chromaticity coor-
dinate showing a dependency of a chromaticity on an applied
voltage when the cell gap is adjusted for red, green, and blue
in a vertical alignment transflective LCD according to a first
preferred embodiment of the present invention;

[0053] FIG. 16 is a cross sectional diagram of a vertical
alignment liquid crystal display device according to a second
preferred embodiment of the present invention;

[0054] FIGS. 17A, 17B, and 17C are diagrams showing
V-T characteristics for various cell gaps for pixels for red,
green, and blue;

[0055] FIG. 18 is a cross sectional diagram showing a ver-
tical alignment liquid crystal display device according to a
third preferred embodiment of the present invention; and
[0056] FIGS. 19A, 19B, and 19C are diagrams showing
V-T characteristics for various cell gaps for pixels for red,
green, and blue.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0057] Preferred embodiments (hereinafter simply referred
to as “embodiments”) of the present invention will now be
described referring to the drawings.

First Preferred Embodiment

[0058] FIG. 1 schematically shows a cross sectional struc-
ture of a transflective active matrix LCD which is used as the
transflective LCD according to a first preferred embodiment
of the present invention. The transflective LCD according to
the first preferred embodiment comprises a plurality of pixels,
wherein a first substrate and a second substrate on which a
first electrode 200 and a second electrode 320 are formed
respectively on a side opposing each other are adhered to each
other with a liquid crystal layer 400 therebetween, and a
transmissive region 210 and a reflective region 220 are
formed in each pixel region.

[0059] A vertical alignment liquid crystal having a negative
dielectric constant anisotropy is used as the liquid crystal
layer 400 and an alignment controller 500 (alignment divider)
for dividing a pixel region into a plurality of alignment
regions is provided on the side of the second substrate or on
the side of the first substrate. As shown in FIG. 1, the align-
ment controller 500 comprises, for example, a projection 510
which projects toward the liquid crystal layer 400, an inclined
section 520, and an electrode absent section which is formed
in FIG. 1 by a gap between pixel electrodes 200 (details will
be described later).

[0060] A transparent substrate such as glass is used for the
first substrate 100 and the second substrate 300. On the side of
the first substrate 100, a pixel electrode 200 in which a trans-
parent conductive metal oxide such as an ITO (Indium Tin
Oxide) and IZO (Indium Zinc Oxide) is used is formed in an
individual pattern for each pixel as a first electrode and a
switching element (not shown; refer to a description of FIG.
5 to be described later) such as a thin film transistor which is
connected to the pixel electrode 200 is formed. Over the entire
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surface of the first substrate 100, an alignment film 260 for
vertical alignment is formed over the pixel electrode 200. As
the alignment film 260, for example, polyimide or the like is
used, and, in the present embodiment, a rubbingless type
alignment film is used so that the initial alignment of the
liquid crystal (alignment when no voltage is applied) is set to
be perpendicular (vertical) to the plane direction of the film.
With a structure shown in FIG. 5 (details to be described
later), a transparent region 210 which is made solely of the
transparent electrode and a reflective region 220 in which a
reflective film or a reflective electrode which is layered to the
transparent electrode is formed can be provided in a forma-
tion region of one pixel electrode 200.

[0061] On the second substrate 300 which is adhered to the
first substrate 100 with the liquid crystal layer 400 therebe-
tween, a red color filter 330r, a green color filter 330g, and a
blue color filter 3304 are formed on a surface facing the liquid
crystal at predetermined corresponding positions. In a gap
between the color filters 3307, 330g, and 3305 (gap between
pixel regions), a light shielding layer (in the embodiment, a
black color filter) 330BM for preventing leak of light between
pixels is provided.

[0062] A gap adjusting section 340 made of an optically
transmissive material is formed on the color filters 3307,
330g, and 3304 in order to set the thickness (cell gap) dr of the
liquid crystal layer in the region of the pixel opposing the
reflective region 220 to be smaller than the thickness (cell
gap) dt of the liquid crystal layer in the transmissive region
210 (that is, dr<dt). The thickness of the gap adjusting section
340 corresponds to a case in which the thickness d of the
liquid crystal layer required for obtaining optimum transmit-
tance and optimum reflectance in the transmissive region 210
in which the incident light is transmitted through the liquid
crystal layer 400 once and in the reflective region 220 in
which the incident light is transmitted through the liquid
crystal layer 400 twice differs from each other. Thus, for
example, a thickness d of the liquid crystal layer is deter-
mined to obtain an optimum transmittance in the transmissive
region 210 in which no gap adjusting section 340 is provided
and a gap adjusting section 340 having a desired thickness is
formed in the reflective region 220 to obtain a thickness d of
the liquid crystal layer which is smaller than that in the trans-
missive region 210.

[0063] An electrode 320 common to the plurality of pixels
(common electrode) is formed as a second electrode covering
the entire surface of the second substrate 300 including the
gap adjusting section 340. Similar to the pixel electrode 200,
atransparent conductive metal oxide suchas ITO and IZO can
be used to form the common electrode 320.

[0064] In the present embodiment, a projection 510 is
formed above the common electrode 300 as the alignment
controller 500 for dividing the alignment direction of the
liquid crystal within a pixel region to form a plurality of
region having different alignment directions. The projection
510 projects toward the liquid crystal layer 400 and may be
conductive or insulating. In the present embodiment, an
acrylic resin, for example, which is insulating can be used and
formed into a desired pattern. In addition, the projection 510
is formed both in the transmissive region 210 and the reflec-
tive region 220 within each pixel region.

[0065] An alignment film 260 which is of vertical align-
ment type similar to the alignment film on the first substrate
side and which is rubbingless is formed covering the projec-
tion 510 and the common electrode 320. As described, the
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alignment film 260 aligns the liquid crystal along a direction
perpendicular to the planar direction of the film. In positions
covering the projection 510, an inclined surface reflecting the
shape of the projection 510 is formed, and, therefore, in the
formation positions of the projection 510, the liquid crystal is
aligned along a direction perpendicular to the inclined surface
of the alignment film 260 covering the projection 510, and,
thus, the alignment direction of the liquid crystal is divided
with the boundary at the projection 510. In addition, in the
present embodiment, a side surface of the gap adjusting sec-
tion 340 provided on the side of the second substrate is
formed in atapered shape so that an inclined surface is formed
on the alignment film 260 covering above the gap adjusting
section 340 reflecting the inclined surface of the gap adjusting
section 340. In this inclined surface also, the liquid crystal is
controlled in a direction perpendicular to the inclined surface
and the inclined surface of the gap adjusting layer 340 also
functions as the alignment controller 500.

[0066] In the transflective LCD shown in FIG. 1, a linear
polarizer plate (first polarizer plate) 112 and a wide wave-
length band quarter wavelength (A/4) plate (first phase differ-
ence plate) 111 made of a combination of a quarter wave-
length (A/4) phase difference plate and a half wavelength
(A2) phase difference plate are provided on the external side
(side facing a light source 600) of the first substrate so that a
wide wavelength band circular polarizer plate 110 is formed
by the linear polarizer plate 112 and the phase difference plate
111.

[0067] On the external side (viewing side) of the second
substrate 300, a phase difference plate 310 having a negative
refractive index anisotropy is provided as an optical compen-
sation plate, and a wide wavelength band quarter wavelength
(M4) plate (second phase difference plate) 111 made of a
combination of a quarter wavelength (A/4) plate and a half
wavelength (A/2) plate and a linear polarizer plate (second
polarizer plate) 112 are provided so that a wide band circular
polarizer plate 110 is formed by the linear polarizer plate 112
and the phase difference plate 111, similar to the structure on
the first substrate side. The positional relationship among the
optical members is, for example, as shown in the lower sec-
tion of FIG. 1, in which an axis of the first polarizer plate is
placed at 45 degrees, a phase delaying axis of the first quarter
wavelength (A/4) plate is placed at 90 degrees, a phase delay-
ing axis of the second quarter wavelength (A/4) plate is placed
at 180 degrees, and an axis of the second polarizer plate is
placed at 135 degrees.

[0068] Light emitted from the light source 600 transmits
through the linear polarizer plate 112 on the side of the first
substrate 100 and becomes linearly polarized light in a direc-
tion along the polarization axis of the polarizer plate 112. The
light then becomes circularly polarized light when the phase
difference is shifted by A/4 in the first quarter wavelength
(M4) plate 111. In the present embodiment, in order to reli-
ably obtain circular polarization for any of the R, G, and B
components at least having different wavelengths to increase
the usage efficiency (transmittance) of light in the liquid
crystal cell, both a quarter wavelength (A/4) phase plate and a
half wavelength (A/2) phase plate are used to form the wide
wavelength band quarter wavelength (A/4) plate 111. The
obtained circularly polarized light transmits through the pixel
electrode 200 in the transmissive region 210 and enters the
liquid crystal layer 400.

[0069] In the transflective LCD according to the present
embodiment, vertical alignment liquid crystal having a nega-
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tive dielectric constant anisotropy (AE<0) is used in the liquid
crystal layer 400 and the alignment film 260 of a vertical
alignment type is used.

[0070] Therefore, in a state in which no voltage is applied,
the liquid crystal is aligned along a direction perpendicular to
the planar direction of the alignment film 260, and, as the
applied voltage increases, the direction of the major axis of
the liquid crystal is tilted to be perpendicular to an electric
field formed between the pixel electrode 200 and the common
electrode 320 (parallel to the planar direction of the sub-
strate). When no voltage is applied to the liquid crystal layer
400, the polarization state is not changed in the liquid crystal
layer 400, the circularly polarized light reaches the second
substrate 300, the circular polarization is removed by the
second quarter wavelength (A/4) plate 111, and the light
becomes linearly polarized light. Because the second polar-
izer plate 112 is placed perpendicular to the direction of the
linear polarization from the second quarter wavelength (A/4)
plate 111, the linearly polarized light cannot transmit through
the second polarizer plate 112 having a transmission axis
(polarization axis) which is perpendicular to that of the first
polarizer plate 112, and, thus, the display becomes black.
[0071] When a voltage is applied to the liquid crystal layer
400, the liquid crystal layer 400 creates a phase difference
with respect to the incident circularly polarized light to
change the polarization, for example, to circular polarization
of opposite revolution, an elliptical polarization, and linear
polarization. Then, the second quarter wavelength (A/4) plate
111 shifts the obtained light by a phase of A/4 so that the
polarization becomes linear polarization (parallel to the trans-
mission axis of the second polarizer plate), elliptical polar-
ization, and circular polarization. Because these polarizations
each has a component along the polarization axis of the sec-
ond polarizer plate 112, light of an amount corresponding to
the component is emitted through the second polarizer plate
112 toward the viewing side and is recognized as the display
(white or grayscale).

[0072] The phase difference plate 310 is a negative retarder
which can improve the optical characteristic when the LCD is
seen from a tilted angle and can improve the viewing angle.
Alternatively, it is also possible to employ a biaxial phase
difference plate having both functions of the negative retarder
(310) and the quarter wavelength (A/4) plate 111 in place of
the negative retarder 310 and the quarter wavelength (A/4)
plate 111. With this configuration, it is possible to reduce the
thickness of the LCD and to improve the transmittance.
[0073] In the present embodiment, with the gap adjusting
section 340 as described above, the thickness (cell gap) d of
the liquid crystal layer 400 which substantially controls the
transmittance of light is set to different desired gaps in the
transmissive region 210 and the reflective region 220. A pri-
mary reason for employing this structure is that the numbers
of transmission of light through the liquid crystal layer differ
between the transmissive region 210 and in the reflective
region 220 because in the transmissive region 210, display is
realized by controlling an amount (transmittance) of light
transmitted from the light source 600 provided on the back-
side of the LCD (on the side of the first substrate 100 in the
illustrated example of FIG. 1) through the liquid crystal layer
400 and emitted from the side of the second substrate 300 to
the outside, whereas in the reflective region 220, the display is
realized by controlling an amount (reflectance of the LCD) of
light incident from the viewing side of the LCD on the liquid
crystal layer 400, reflected by a reflective film formed in the
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formation region of the pixel electrode 200, transmitted
through the liquid crystal layer 400 again, and emitted to the
viewing side from the side of the second substrate 300. In
other words, in the reflective region 220, the light transmits
through the liquid crystal layer 400 twice, and, therefore, the
cell gap dr of the reflective region 220 must be set to a smaller
value than the cell gap dt of the transmissive region 210. In the
present embodiment, as shown in FIG. 1, the gap adjusting
section 340 having a desired thickness is provided only in the
reflective region 220 of each pixel in order to achieve the
relationship of dr<dt. A material of the gap adjusting section
340 is not limited as long as the gap adjusting section 340
transmits light and can be formed in a desired thickness, and,
for example, an acrylic resin or the like which is used also as
a planarizing insulating layer may be used.

[0074] When the side surface of the gap adjusting section
340 is used as a part of the alignment controller 500 (inclined
section 520) as described, the taper angle of the side surface
ofthe gap adjusting section 340 must be less than 90 degrees
with respect to the plane of the substrate. When the taper
angle is 90 degrees or higher, the alignment of the liquid
crystal is disturbed at the side surface of the gap adjusting
section 340, and the coverage of the common electrode 320
and the alignment film 260 formed above the gap adjusting
section 340 becomes insufficient. In addition, the side surface
ofthe gap adjusting section 340 does not contribute to display
itself. When the taper angle is too small, the area of the side
surface of the gap adjusting section 340 becomes large, result-
ing in a reduction of the aperture ratio of the pixel, in particu-
lar, the aperture ratio of the reflective region in which a further
improvement in the brightness is desired. Therefore, the taper
angle of the side surface of the gap adjusting section 340 is
preferably at an angle which does not reduce the coverage of
the second electrode 320 and the alignment film 260 at the
upper layers, which can divide the alignment of the liquid
crystal, and which has a small reduction of the aperture ratio.
Specifically, the taper angle is preferably within a range of 30
degrees-80 degrees.

[0075] As the gap adjusting section 340 having an inclined
section 520 with a taper angle in such a range, it is possible to
use, for example, the acrylic resin as described above, with a
photosensitive agent. By adjusting the amount of polymer-
ization starter and optically polymerizing monomer to be
added to the acrylic resin as the gap adjusting material corre-
sponding to the manufacturing conditions and characteristics
of the exposure device, it is possible to obtain an arbitrary
forward taper angle. As an alternative method of obtaining a
forward tapered side surface for the gap adjusting section 340
other than the method of adjusting the amount of contained
material, it is also possible to, for example, use optical poly-
merization inhibiting effect by oxygen present in the sur-
roundings, enlargement of a pattern by diffraction of light
during the exposure, melt flow by resin baking, etc., or a
combination of these methods, to obtain a forward taper of a
desired angle.

[0076] The optical polymerization inhibiting effect is
obtained by oxygen in the atmosphere near the surface of the
gap adjusting section 340. In contrast, at the side of the
substrate away from the surface, the amount of oxygen is
small, and, thus, polymerization is not inhibited and a hard-
ening process proceeds. Therefore, the side of the surface of
the planarizing insulating layer 38 is easier to be removed
during development, resulting in a forward taper having a
narrower width as the distance from the substrate increases.
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[0077] The diffraction of light at the exposure depends on
the exposure device. In a proximity exposure device, for
example, the fact that the diffraction is large is utilized to form
a taper in the gap adjusting section 340 by a region in which
the gap adjusting section is formed and a region in which the
gap adjusting section is removed.

[0078] In the melt flow, after the development, the gap
adjusting section 340 is baked, for example, at a temperature
0f'80° C.-180° C. for 1 min. to 20 min. (for example, 120° C.
and 8 min.) to melt the upper surface and side surface of the
gap adjusting section 340 so that the surface is smoothened
and a forward taper is formed by the side surface being melted
and a shape change depending on the surface tension of the
material.

[0079] As an organic material used in the gap adjusting
section, materials are known which show sensitivity to a g ray
(436 nm), h ray (405 nm), and i ray (248 nm) of an exposure
light source. Many of organic materials showing sensitivity to
the i ray result in a taper angle of 90 degrees or higher (reverse
taper). In consideration of this, in the present embodiment, an
acrylic resin having a sensitivity to the g ray and h ray and
which tends to result in a forward taper is used as the material
of the gap adjusting section.

[0080] Inaddition to changing the thickness d of the liquid
crystal layer between the transmissive region 210 and the
reflective region 220 in a pixel region, in the present embodi-
ment, the thickness d of the liquid crystal layer is changed
among the pixels for R, G, and B having different wave-
lengths (however, a common gap may be employed for red,
green, and blue depending on the characteristics of the LCD).
In the illustrated structure of FIG. 1, the gap for all of red,
green, and blue is realized by changing the thicknesses of the
red color filter 3307, green color filter 330g, and blue color
filter 3305 which are formed on the side of the second sub-
strate 300. The present embodiment is not limited to a struc-
ture in which the thickness of the color filter is changed, and
itis also possible to provide the gap adjusting section 340 also
in the transmissive region 210 with the thickness of the gap
adjusting section 340 being different in the transmissive
region 210 and reflective region 220 for red, green, and blue.
The present invention is not limited to a structure in which the
thickness d of the liquid crystal layer in all of red, green, and
blue differs from each other, and it is also possible to employ
a configuration, for example, in which the green and blue
pixels have the same thickness of the liquid crystal layer and
only the red pixel has a different thickness, or a configuration
in which only the blue pixel has a different thickness d,
depending on the characteristics of the LCD.

[0081] FIG. 2 shows another structure for obtaining a dif-
ferent gap among pixels for red, green, and blue (in the
description of FIG. 2, the structures common to those in FIG.
1 will not be described again). In the structure of FIG. 2, the
gaps for red, green, and blue are not changed at the second
substrate side, but rather, the thickness of the planarizing
insulating layer 38 which is formed below the pixel electrode
200 is adjusted for red, green, and blue at the side of the first
substrate 100. As a method for changing the thickness of the
planarizing insulating layer 38, for example, it is possible to
form the planarizing insulating layer 38 with different thick-
nesses for pixels for red, green, and blue without adding an
extra step by exposing a planarizing insulating material con-
taining a photosensitive material using one or a plurality of
half-exposure mask having an amount of opening corre-
sponding to the target thickness. In FIG. 2, projections and
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depressions are formed on the surface of the planarizing
insulating layer 38 in the reflective region. The projections
and depressions on the surface of the planarizing insulating
layer 38 can be transferred to the reflective layer 44 formed on
the planarizing insulating layer 38 in the reflective region so
that projections and depressions are created on the surface of
the reflective layer 44 to scatter the light incident on the liquid
crystal layer to improve the display quality in the reflective
region. Similar to the above-described process to obtain dif-
ferent thicknesses of planarizing insulating layer 38 in red,
green, and blue, it is possible to employ the half-exposure to
form the projections and depressions on the planarizing insu-
lating layer 38 in the reflective region and a contact hole to be
formed through the planarizing insulating layer 38 for con-
necting the pixel electrode 200 and the TFT simultaneously
with formation of the planarizing insulating layer 38 without
adding a step.

[0082] Next, a more specific structure of each pixel of the
transflective LCD according to the present embodiment will
be described. FIG. 3 schematically shows an example planar
structure of a transflective LCD according to the present
embodiment, FIG. 4 schematically shows a cross sectional
structure along the A-A' line of FIG. 3, FIG. 5 schematically
shows a cross sectional structure along the B-B' line of FIG.
3, and FIG. 6 shows a more specific structure of the pixel
electrode 200 and the thin film transistor or the like connected
to the pixel electrode 200 of FIG. 3.

[0083] In the planar structure shown in FIG. 3, a pixel
electrode 200 formed in an individual pattern for each pixel
has a hexagonal pattern elongated along the vertical scan
direction of the screen (vertical direction in FIG. 3). As shown
in FIG. 3, areflective film is selectively formed in a quadran-
gular (in FIG. 3, rhombus-shaped or square-shaped) region
surrounded by diagonal lines including two upper sides in the
longitudinal direction to form a reflective region 220. The
remaining region of the hexagonal pixel electrode 200 having
a chevron shape forms the transmissive region 210.

[0084] As is clear from FIG. 4, in the reflective region 220,
a gap adjusting layer 340 is formed above the second sub-
strate 300, above the common electrode 320 in FIG. 4, in
order to set the thickness (cell gap) dr of the liquid crystal
layer to be smaller than the gap dt in the transmissive region
210.

[0085] An end of the gap adjusting layer 340 within a pixel
is placed at a position along two lower sides of the quadran-
gular reflective region 220 which are almost linearly sym-
metrical with the two upper sides of the hexagonal pixel
electrode 200. In addition, a projection 5107 having a trian-
gular cross section is formed connecting vertices of the qua-
drangular reflective region 220 opposing along the horizontal
scan direction (horizontal direction in FIG. 3) and above the
second substrate 300 (more specifically, above the gap adjust-
ing section 340 in FIG. 4) to divide the reflective region 220
into an upper region and a lower region along the horizontal
scan direction.

[0086] Although not shown in FIG. 4, an entire surface of
the second substrate 300 including the projection 510 and the
gap adjusting section 340 is covered by a vertical alignment
film 260 as shown in FIGS. 1 and 2. In addition, a vertical
alignment film 260 is formed over the entire surface of the
first substrate 100 including the pixel electrode 200 as shown
in FIGS. 1 and 2. Therefore, when no voltage is applied
between the pixel electrode 200 and the common electrode
320, a major axis direction 410 of the liquid crystal (liquid

Mar. 22, 2012

crystal director) is aligned perpendicular to the planar direc-
tion of the vertical alignment film 260. Therefore, on the
projection 510 and the inclined surface of the gap adjusting
section 340 at the side of the second substrate 300, the liquid
crystal director 410 is aligned perpendicular to the inclined
surface of the alignment film 260 which is formed on the
surface facing the liquid crystal with the inclined surface
transferred. Therefore, as shown in FIGS. 3 and 4, regions
having alignment direction (alignment orientation, azimuth)
of liquid crystal different from each other by 180 degrees are
formed with the projection 5107 as a boundary, the projection
5107 being at the position to divide the reflective region 220
into upper and lower regions.

[0087] In the transmissive region 210 having a chevron
shape (a shape of a pair of the shaft feather), as shown in
FIGS. 3 and 5, a projection 5107 having a triangular cross
section is formed on the side of the second substrate 300,
more specifically, on the common electrode 320 at a position
(a position corresponding to a core of the chevron) dividing
the pixel electrode 200 having a hexagonal shape elongated
along the vertical scan direction into equal parts along the
vertical scan direction into right and left regions (horizontal
scan direction). Although not shown in FIG. 5 similar to FIG.
4, vertical alignment films 260 are formed as shown in FIGS.
1 and 2 on surfaces contacting the liquid crystal on the side of
the second substrate 300 and on the side of the first substrate
100. In the transmissive region 210, the alignment direction
(alignment orientation) of the liquid crystal director 410 is
divided into directions which differ from each other by 180
degrees at the projection 510¢ formed on the second substrate
as a boundary.

[0088] In addition, in the present embodiment, in addition
to the projection and inclined surface as described above, an
electrode absent section 530 is also used as the alignment
controller 500. In the illustrated structure of FIGS. 3-5, a gap
portion between a plurality of pixel electrodes 200 formed on
the side of the first substrate 100 is used as an electrode absent
section 530 for controlling the alignment. The alignment
division by the electrode absent section 530 takes advantage
of a slope of a weak electric field when a voltage starts to be
applied between the pixel electrode 200 and the common
electrode 320. Under the weak electric field, the electric field
lines shown in FIGS. 4 and 5 by a dotted line are tilted in a
tilted angle spreading from the end of the electrode absent
section, that is, from the end of the electrode toward the center
of the electrode absent section. Because a minor axis of the
liquid crystal having a negative dielectric constant anisotropy
is aligned along the tilted electric field line, the direction in
which the liquid crystal molecules are tilted from the initial
vertically aligned state as the applied voltage to the liquid
crystal increases is defined by the tilted electric field.

[0089] The hexagonal pixel electrode 200 shown in FIG. 3
has the electrode absent section 530 at the ends of the pixel
electrode 200. That is, at least six sides of electrode absent
section 530 are present. Therefore, because of the actions of
the projection 510 (5107 and 510¢), the inclined surface 520,
and the electrode absent section 530 on the periphery of the
pixel electrode 200, a total of four regions are formed having
different alignment directions of the liquid crystal director
410 within one pixel region, at least two alignment regions in
the reflective region 220 and two alignment regions in the
transmissive region 210 within one pixel region, each having
a different alignment direction from either of the two regions
of the reflective region 220.
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[0090] More accurately, the liquid crystal director 410 is
controlled so that its planar component (alignment direction)
is perpendicular to the extension direction of the projection
510 and the extension direction of the edge of the electrode
(electrode absent section). Therefore, in any of the four align-
ment regions, the alignment direction of the liquid crystal is
not completely identical throughout the region. For example,
on the central position of the transmissive region 210 along
the vertical scan direction in FIG. 3, the liquid crystal director
410 is aligned in a direction perpendicular to the projection
510¢ and the edge of the pixel electrode 200 extending along
the vertical scan direction. However, at the boundary of the
transmissive region 210, for example, with the reflective
region 220, the inclined surface (projection) 520 by the gap
adjusting section 340 and the projection 510z of the transmis-
sive region 210 intersect each other at an angle of greater than
90 degrees. Therefore, the alignment direction of the liquid
crystal around the intersection changes from a direction per-
pendicular to the extension direction of the projection 510 to
a direction perpendicular to the extension direction of the
inclined section 520 as the position becomes closer to the
inclined section 520 by the gap adjusting section 340. How-
ever, as will be described later, in one alignment region, the
extension direction of the alignment controller 500 is set to
minimize a degree of change (or maximum angle) of the
alignment direction of the liquid crystal based on the position
so that generation of a boundary (disclination line) of regions
having different alignment directions of liquid crystal at an
uncertain position within one alignment region is prevented.

[0091] A relationship between the extension direction of
the alignment controller 500 and the alignment direction of
the liquid crystal in each position within one pixel region
according to the present embodiment will now be described.

[0092] Anangular difference between the alignment direc-
tion of the liquid crystal controlled by the projection 5107 of
the transmissive region 210 and the alignment direction of the
liquid crystal controlled by the inclined section 520 of the gap
adjusting section 340 intersecting the projection 510¢ is less
than 90 degrees because the top and bottom of the liquid
crystal molecule along the major axis direction do not have an
optical characteristic difference. In the illustrated structure of
FIG. 3, the intersecting angle between the projection 510 and
the projection 520 by the gap adjusting section 340 is approxi-
mately 135 degrees whereas the difference in the alignment
directions of the liquid crystal is 45 degrees. In this descrip-
tion, although the projection 510¢ and the gap adjusting sec-
tion 340 are described to intersect each other, in some cases,
the profection 510 and the gap adjusting section 340 may not
physically intersect each other. Therefore, in this description,
the term “intersect” refers to intersection of extended lines of
two lines, and, when the two structures are provided on dif-
ferent substrates, intersection of projection lines of the
extended lines to the plane of the same substrate.

[0093] The angle of intersection of the inclined section 520
by the gap adjusting section 340 and a side of the pixel
electrode 200 of the transmissive region 210 (in reality, the
angle of intersection of projection lines to the plane of the
same substrate because the inclined surface 520 and the pixel
electrode 200 are not formed on the same substrate) is
approximately 45 degrees in the illustrated structure of FIG.
3. An angle between the alignment direction of the liquid
crystal controlled by the inclined section 520 and the align-
ment direction of the liquid crystal controlled by the edge of
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the pixel electrode 200 is 90 degrees or smaller, and, in this
configuration, is less than 45 degrees.

[0094] The intersection angle on the projection lines to the
plane of the substrate of the projection 5107 and the edge of
the pixel electrode 200 near the lower end of the transmissive
region 210 is 45 degrees in this structure and a difference of
alignment direction of the liquid crystal near the intersection
is less than 90 degrees and is 45 degrees or smaller in this
structure because the top and bottom of the liquid crystal
molecule do not have a characteristic difference, as described
above.

[0095] The transmissive region 210 further has a region in
which the sides of the pixel electrode 200 intersect each other.
In the illustrated structure of FIG. 3, a side extending along
the vertical scan direction and a side extending from a vertex
intersecting the projection 510 toward the side extending
along the vertical scan direction correspond to these sides,
and the intersection angle of the sides is greater than 90
degrees and 135 degrees in FIG. 3. The difference of the
alignment direction of liquid crystal at the intersection is less
than 90 degrees and is 45 degrees because the top and bottom
of the liquid crystal molecule do not have a characteristic
difference.

[0096] Similarly, in the reflective region 220, the alignment
controllers 500 are provided such that a difference in the
alignment direction of the liquid crystal is less than 90
degrees in a region in which a projection line of an alignment
controller 500 to the plane of the substrate (including the
extended line) and a projection line of another alignment
controller 500 to the plane of the substrate (including the
extend line) intersect each other. That is, a projection 5107
which divides the reflective region 220 into upper and lower
regions having different alignment directions and the inclined
section 520 by the gap adjusting section 340 which intersects
at the end of the pixel electrode 200 intersect each other at an
angle of less than 90 degrees and the angular difference of the
alignment directions of the liquid crystal in the intersection
region is controlled to be 45 degrees or less which is less than
90 degrees.

[0097] An intersection angle between the projection 5107
and the edge of the pixel electrode 200 in the reflective region
220 (intersection angle of projection lines to the plane of the
substrate) is also less than 90 degrees, and the angular differ-
ence between the alignment directions of the liquid crystal in
the intersection is also controlled to be 45 degrees or less
which is less than 90 degrees.

[0098] As described, the alignment controllers 500 (projec-
tion 510, inclined section 520, and electrode absent section
530 (in the illustrated structure of FIG. 3, shape of the pixel
electrode 200)) are determined such that a difference between
alignment directions of the liquid crystal controlled by the
alignment controllers 500 is less than 90 degrees when the
projection lines of the alignment controllers 500 to the plane
of the substrate intersect each other. In this manner, genera-
tion of a disclination line in an uncertain position within a
region divided by the alignment controller 500 is reliably
prevented.

[0099] At the position in the reflective region 220 in which
the sides of the pixel electrode 200 intersect each other (in
FIG. 3, near a vertex at the uppermost section of the pixel
electrode 200 along the vertical scan direction) and the inter-
section between the inclined sections 520 by the gap adjust-
ing sections 340 (around the bend of the “V” shape), the
angles of intersection are both 90 degrees in the illustrated
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structure of FIG. 3. From the above-described viewpoint,
these intersection angles are preferably less than 90 degrees
or greater than 90 degrees, but because the area of the reflec-
tive region 220 having a rhombus shape is small compared to
the transmissive region, generation of a disclination line at an
uncertain position is prevented.

[0100] The liquid crystal in the reflective region 220 is
more strongly affected by the alignment control by the pro-
jection 510r, inclined section 520, and the side of the pixel
electrode 200. Therefore, on a tilted line of the rhombus-
shaped reflective region 220 connecting an intersection of the
sides of the electrode 200 in the reflective region 220 and the
intersection between inclined sections 520 by the gap adjust-
ing sections 340, no physical alignment controller 500 is
present. However, the liquid crystal is controlled equally by
the nearby alignment controllers 500, and, the planar compo-
nent of the liquid crystal director 410 at this position becomes
a direction along the vertical scan direction as shown in FIG.
3, because of influences of both continuation with the liquid
crystal controlled along a direction perpendicular to the
extension direction of the projection 5107. As the position
becomes closer from this position to the end of the pixel
electrode along the horizontal scan direction, the liquid crys-
tal is affected by the side (530) of the pixel electrode 200, the
extension direction of the inclined surface 520 of the gap
adjusting section 340, and the projection 5107 and is con-
trolled to face a direction which is slightly shifted from the
direction perpendicular to these extension directions (by less
than 90 degrees, and less than 45 degrees in the illustrated
structure of FIG. 3). Therefore, in the reflective region 220
also, generation of a disclination line at an uncertain position
is prevented.

[0101] Next, a structure and a manufacturing method of a
pixel electrode 200 and a thin film transistor TFT connected
to the pixel electrode will be described referring to FIG. 6. In
the present embodiment, as described above, an active matrix
LCD is employed in which each pixel comprises a thin film
transistor. As shown in FIG. 6, the thin film transistor TFT is
formed between the pixel electrode 200 formed on the side of
the first substrate 100 and the substrate 100. In order to place
the transmissive region 210 and the reflective region 220
within a pixel region as effectively as possible, in particular,
in order to not reduce the aperture ratio in the transmissive
region 210, the TFT which is typically formed in a light
shielding region even in a transmissive LCD is placed in the
reflective region 220 so that the aperture ratio is not affected
even when the thin film transistor TFT is formed.

[0102] In the present embodiment, a top gate TFT is
employed as the TFT and polycrystalline silicon (p-Si)
obtained by polycrystallizing amorphous silicon (a-Si) by
laser annealing is used as an active layer 20. The TFT is not
limited to a top gate TFT with p-Si, and a bottom gate TFT or
a TFT in which a-Si is used in the active layer may alterna-
tively be used. Impurities to be doped into the source and
drain regions 20s and 204 of the active layer 20 of the TFT
may be of an n-conductive type or a p-conductive type. In the
present embodiment, an n-conductive impurity such as phos-
phorus is doped, and, thus, an n-ch TFT is used.

[0103] The active layer 20 of the TFT is covered by an gate
insulating film 30 and a gate electrode 32 which is made of a
refractory metal such as Cr and Mo and which also functions
as a gate line is formed on the gate insulating film 30. After the
gate electrode 32 is formed, the above-described impurity is
doped into the active layer 20 using the gate electrode 32 as a
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mask to form the source region 20s, drain region 204, and a
channel region 20c¢ which is not doped with the impurity.
Then, an interlayer insulating film 34 is formed covering the
entire surface of the TFT 110, contact holes are formed
through the interlayer insulating film 34, and a layer of an
electrode material is formed so that a source electrode 40 is
connected to the source region 20s of the p-Si active layer 20
and a drain electrode 36 is connected to the drain region 204
of the p-Si active layer 20 through the contact holes. In the
present embodiment, the drain electrode 36 also functions as
a data line for supplying a data signal corresponding to the
display content to the TFT 110. The source electrode 40, on
the other hand, is connected to the first electrode 200 which is
the pixel electrode as will be described later. As the drain
electrode 36 and the source electrode 40, a highly conductive
material such as Al is used.

[0104] After the source electrode 40 and the drain electrode
36 are formed, a planarizing insulating film 38 made of a resin
material such as an acrylic resin is formed covering the entire
surface of the substrate. Then, a contract hole is formed
through the planarizing insulating layer 38 at a formation
region of the source electrode 40, a connection metal layer 42
is formed in the contact hole, and the source electrode 40 and
the metal layer 42 are connected. When Al or the like is used
as the source electrode 40, it is possible to achieve superior
ohmic contact between the source electrode 40 and the metal
layer 42 using a metal material such as Mo as the metal layer
42. The source electrode 40 may be omitted, and, in this case,
the metal layer 42 directly contacts the silicon active layer 20
of the TFT 110. The metal such as Mo can establish ohmic
contact with such a semiconductor material.

[0105] After the connection metal layer is layered and pat-
terned, an Al—Nd alloy for a reflective layer or a reflective
material layer such as Al having a superior reflective charac-
teristic is layered on the entire surface of the substrate through
evaporation or sputtering. The layered reflective material
layer is etched and removed in a region near the source region
of'the TFT (formation region of the metal layer 42) so that the
reflective material layer does not block the contact between
the metal layer 42 and the TFT and the pixel electrode 200 to
be formed later than the reflective material layer, and, at the
same time, etched and removed so that the reflective material
layer is not present in the transmissive region and a reflective
layer 44 having an outer shape of rhombus is formed in the
reflective region 220 of each pixel as shown in FIG. 3. In the
present embodiment, in order to prevent generation of a leak
current by irradiation of light to the TFT (in particular, the
channel region 20c¢) and to widen the region which can reflect
(that is, the display region) as much as possible, the reflective
layer 44 is intentionally formed also above the channel region
of the TFT 110 as shown in FIG. 1.

[0106] In the patterning of the reflective layer 44 as
described, the metal layer 42 made of Mo or the like has a
sufficient thickness (for example, 0.2 um) and has a sufficient
endurance to the etching solution. Therefore, even after the
reflective layer 44 on the metal layer 42 is removed through
etching, the metal layer 42 is not completely removed and
remains in the contact hole. Because the source electrode 40
or the like is formed by a material similar to the reflective
layer 44 (Al or the like), if the metal layer 42 is not present, the
source electrode 40 would be corroded by the etching solution
of the reflective layer 44, resulting in disconnection or the
like. By providing a metal layer 42 as in the present embodi-
ment, it is possible to endure the patterning process of the
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reflective layer 44 and to maintain superior electrical connec-
tion between the metal layer 42 and the source electrode 40.
[0107] After the reflective layer 44 is patterned, a transpar-
ent conductive layer is layered covering the entire surface of
the substrate including the reflective layer 44 through sput-
tering. In this process, the surface of the reflective layer 44
made of Al or the like as described is covered by a natural
oxide film which is insulating, but the surface of the refractory
metal such as Mo is not oxidized even when the refractory
metal is exposed to the sputtering atmosphere. Therefore, the
metal layer 42 exposed in the contact region can form an
ohmic contact with the transparent conductive layer for the
pixel electrode layered on the metal layer 42. After the trans-
parent conductive layer is formed, the transparent conductive
layer is patterned into a shape independent for each pixel,
common to the reflective region and transmissive region
within a pixel region, and into an elongated hexagonal shape,
for example, as shown in FIG. 3, to obtain a pixel electrode
200. After the pixel electrode 200 is formed through pattern-
ing, an alignment film 260 made of polyimide or the like is
formed covering the entire surface of the substrate and the
first substrate side is completed. Then, as shown in FIGS. 1
and 2, the second substrate 300 on which the red, green, and
blue color filter layers, common electrode 320, gap adjusting
section 340, projection 510 (5107 and 510¢), and alignment
film 260 covering these structures are formed is adhered with
the first substrate 100 around the periphery of the substrates
with a predetermined space therebetween, and the liquid crys-
tal is sealed between the substrates to obtain the LCD.
[0108] The common electrode 320 formed on the side of
the second substrate 300 in the illustrated structure of FIGS.
1 and 2 is formed above the gap adjusting layer 340 and a
projection 510 is formed on the common electrode 320 at a
desired position. Alternatively, as shown in FIG. 4, the com-
mon electrode 320 may be formed below the gap adjusting
section 340 (more specifically, between the color filter
formed on the second substrate 300 and the gap adjusting
section 340). When the thickness of the gap adjusting section
340 is very large, if the common electrode 320 is formed
below the gap adjusting section 340 as shown in FIG. 4, the
effective voltage applied to the liquid crystal layer 410 is
reduced. However, when a sufficiently large voltage is to be
applied between the common electrode 320 and the pixel
electrode 200 or the thickness of the gap adjusting section 340
is not too large, it is possible to employ the configuration as
shown in FIG. 4.

[0109] Next, an alternative configuration of a structure of
each pixel in the transflective LCD according to the present
embodiment will be described. FIG. 7 schematically shows a
planar structure of the transflective LCD according to the
alternative configuration and FIG. 8 is a diagram schemati-
cally showing a cross sectional structure along the C-C'line of
FIG. 7. A schematic cross sectional structure along the D-D'
line of FIG. 7 is identical to the schematic cross sectional
structure shown in FIG. 5.

[0110] A difference from the structure shown in FIG. 3 is
that the shape of the pixel electrode 240 in FIG. 7 is rectan-
gular and approximate X-shaped projections 510¢ and 510~
are formed as the alignment controllers 500 in the transmis-
sive region 210 and the reflective 220, both of which are
quadrangular regions, at positions corresponding to the
diagonal lines of the quadrangle. With such alignment con-
trollers 500, four regions having different alignment direc-
tions of liquid crystal are formed in the transmissive region
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210 and the reflective region 220 with the projections 510¢
and 5107 being the boundaries, and, as a consequence, the
viewing angle is further widened.

[0111] At the boundary of the transmissive region 210 in a
pixel region, as described above, an alignment controller 500
realized by the inclined section 520 of the gap adjusting
section 340 is formed on the side of the second substrate 300
and an electrode absent section 530 (slit; window 530s)
extending along the horizontal scan direction along with the
inclined section 520 is provided in the pixel electrode 200.
Therefore, in the boundary region between the transmissive
region 210 and the reflective region 220, the initial alignment
of the liquid crystal is controlled by the inclined surface
(inclined section 520) of the gap adjusting section 340 at the
second substrate side to a direction perpendicular to the
inclined surface and is controlled in different directions from
each other with the boundary at the electrode absent section
530s on the first substrate side due to the tilt of the weak
electric field as shown in FIG. 8 in the electrode absent section
530s. Thus, the alignment division of the liquid crystal around
the boundary between the transmissive region 210 and the
reflective region 220 is more reliably realized.

[0112] As described, although the structure of FIG. 7 dif-
fers from FIG. 3 in the individual pattern of the alignment
controllers 500 including the edge of the pixel electrode 200,
the projection 510, and the electrode absent section 530s and
in the number of alignment divisions, with the configuration
of FIG. 7 also, an angular difference between the alignment
direction of the liquid crystal controlled by a certain align-
ment controller 500 and an alignment direction of the liquid
crystal controlled by another alignment controller 500 having
a projection line which intersects the projection line of the
alignment controller 500 onto the plane of the substrate is less
than 90 degrees at any intersection. Therefore, it is possible to
reliably prevent generation of a disclination line at an uncer-
tain position within any of the divided alignment regions. In
addition, by employing a pattern of the alignment controller
500 as shown in FIG. 3 or FIG. 7, it is possible to achieve a
maximum number of alignment division and reliable align-
ment division with a minimum amount of alignment control-
lers 500 formed. In the vertical alignment liquid crystal
employed in the present embodiment, when no voltage is
applied, that is, in a vertical alignment state, black is dis-
played. Therefore, in addition to the gap between pixel elec-
trodes 200 not contributing to the display, even when a suffi-
cient voltage is applied between the common electrode 320
and the pixel electrode 200, the alignment state of the liquid
crystal at positions directly above the other alignment con-
trollers 500 (projection 510, inclined section 520, and slit
530s) does not significantly change, and the liquid crystal
above at these positions does not contribute to the display.
Therefore, placement of redundant alignment controllers 500
would reduce the aperture ratio of the LCD. However, by
employing layouts as shown in FIGS. 3 and 7, it is possible to
widen the viewing angle and improve the display quality
while inhibiting the reduction in the aperture ratio to a mini-
mum degree.

[0113] FIGS. 9 and 10 show other alternative configura-
tions of the configuration of FIG. 3.

[0114] In FIG. 9, the pixel electrode 250 has an overall
shape of a chevron. The shape and the structure of the reflec-
tive region 220 is identical to those in FIG. 3. However, the
pattern of the remaining transmissive region 210 differs from
that in FIG. 3 in that the shape is a lateral enveloping shape, a



US 2012/0069285 Al

shape of an laterally placed hourglass, or a shape in which M
and W are connected to each other along the vertical direc-
tion. The projection line of the projection 5107 onto the plane
intersects, at an angle of greater than 90 degrees (in the
illustrated structure, 135 degrees), two sides of the pixel elec-
trode 250 in the transmissive region 210 having the projection
lines to the plane intersecting each other. Because the top and
the bottom of the liquid crystal molecules do not have an
optical characteristic difference along the major axis direc-
tion as described above, the angle difference between align-
ment directions of the liquid crystal in the intersection region
is again less than 90 degrees. In addition, an intersection angle
between two lower sides of the pixel electrode 250 extending
from the intersection position with the projection 510¢ toward
the lower end of two sides of the pixel electrode 250 extend-
ing along the vertical scan direction and the side of the pixel
electrode 250 along the vertical scan direction is less than 90
degrees, and the maximum difference in the alignment direc-
tions of the liquid crystal in this region is also less than 90
degrees (in the illustrated structure of FIG. 9, less than 45
degrees). Therefore, in two alignment regions within the
transmissive region 210 also, generation of a disclination line
at an uncertain position is prevented.

[0115] In FIG. 10, the pixel electrode 252 has a chevron
shape. The shape (chevron shape) and structure of the trans-
missive region 210 are identical to those in FIG. 3. The shape
of the remaining reflective region 220 of the pixel electrode
252 having a chevron shape and the formation position of the
projection 5107 which divides the alignment of the liquid
crystal within the reflective region 220 differ from those in
FIG. 3. More specifically, in the illustrated structure of FIG.
10, the reflective region 220 also has a chevron shape with a
short height and, at the boundary between the reflective
region 220 and the transmissive region 210, the alignment is
divided by a V-shaped inclined section 520 of the gap adjust-
ing section 340. A projection 5107 is formed on the side ofthe
second substrate (above the gap adjusting section) on a line
along the vertical scan direction and connecting the vertex of
the V-shape of the inclined section 520 and a vertex of a
similar V-shape of the pixel electrode 252 in the reflective
region 220. Two alignment regions are formed in the reflec-
tive region 220 on left and right of the projection 5107 along
the horizontal scan direction with the projection 5107 being
the boundary. With such a structure also, an angular differ-
ence between an alignment direction of the liquid crystal
controlled by an alignment controller 500 and an alignment
direction of the liquid crystal controlled by another alignment
controller 500 having a projection line intersecting a projec-
tion line of the alignment controller 500 onto the plane of the
substrate satisfies the condition of being less than 90 degrees,
and thus, a superior alignment division is realized.

[0116] Next, a drive voltage, transmittance, and wave-
length dependencies of the drive voltage and transmittance in
the vertical alignment transflective LCD according to the
present embodiment will be described.

[0117] FIG. 11 shows a relationship between an applied
voltage (V) and transmittance (arbitrary unit) in liquid crys-
tal, and shows an optical characteristic of the vertical align-
ment liquid crystal cell, that is, relationship between the
applied voltage and the transmittance when the cell structure
is changed, represented by an expression (del-n)d/wl (ex-
pression (i)).

[0118] In FIG. 11, wl is set to 550 nm (green). In the
expression (i), the term (del-n) represents a birefringence
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(that is, refractive index anisotropy) (An) of the liquid crystal
layer, d represents a thickness (cell gap) of the liquid crystal
layer, and wl represents a wavelength of the incident light. In
asmall LCD or the like which is equipped in a portable device
such as a portable phone, a further reduction in the power
consumption and further reduction in the drive voltage are
desired. As can be understood from FIG. 11, in a cell having
a value of, for example, 1.0 for the above-described expres-
sion (i), the applied voltage may be approximately 3 V for
achieving a maximum transmittance and that when the value
of the expression (i) is increased to 1.1 and 1.2, for example,
the applied voltage can be reduced to less than 3 V. By finely
adjusting the value of d, it is possible to drive at a sufficiently
low voltage even when a same liquid crystal material and a
same light source is used. As shown in FIGS. 1 and 2, the
value of d can be adjusted with a thickness of the gap adjust-
ing section 340, color filter 330, and planarizing insulating
layer 38.

[0119] As can be understood by the term of “w1” in expres-
sion (i), in the LCD of the present embodiment, the transmit-
tance characteristic has a wavelength dependency. As shown
in FIG. 12, when the thickness (cell gap) d of the liquid crystal
layer is set to a constant for all of pixels for red, green, and
blue, the transmittance characteristic with respect to the
applied voltage differs for light of red (630 nm), green (550
nm), and blue (460 nm). FIG. 13, on the other hand, shows a
relationship between the applied voltage and transmittance in
an LCD in which the value of the cell gap d is adjusted by
changing the thickness for each of red, green, and blue by
changing, for example, the thickness of the color filters 3307,
330g, and 33054 (alternatively, the cell gap may be adjusted by
adjusting the thickness of the gap adjusting section 340). As
can be understood from FIG. 13, by setting the cell gap d to a
desired value for each of red, green, and blue, it is possible to
set the transmittance characteristic with respect to the applied
voltage to the same characteristic in each pixel corresponding
to light of red, green, and blue. Therefore, it is clear that, by
employing such a structure, it is possible to drive the LCD by
an applied voltage of less than 3 V as shown in FIG. 11 and
drive red, green, and blue pixels by display signals having the
same amplitude.

[0120] FIGS. 14 and 15 show an applied voltage depen-
dency of chromaticity (X-Y coordinates of CIE). FIG. 14
shows a change in the chromaticity when the voltage to be
applied to the liquid crystal is changed from 1.5V t0 2.0V, 2.3
V, 2.6V, and 3.0 V in an LCD with a same cell gap in red,
green, and blue as shown in FIG. 12. FIG. 15 shows a change
in the chromaticity when the voltage to be applied is changed
from 1.5V 1t02.0V,23V,2.6V,and3.0V in an LCD having
the cell gap adjusted forred, green, and blue so that there is no
color dependency of the transmittance change with respect to
the applied voltage. As can be understood from a comparison
of FIGS. 14 and 15, by adjusting the cell gap in red, green, and
blue, it is possible to improve the applied voltage dependency
of the chromaticity, that is, the shift in chromaticity when the
applied voltage is changed, and thus, to realize an LCD hav-
ing a small color shift even when the LCD is driven by a
voltage in various voltage ranges.

Second Preferred Embodiment

[0121] A second preferred embodiment of the present
invention will now be described which is a configuration for
improving a display quality in color display. In the below
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description, color display on a vertical alignment liquid crys-
tal display device is exemplified.

[0122] A vertical alignment liquid crystal display device
has a wide viewing angle characteristic and a high contrast
characteristic, and has an advantage that no rubbing process
of the alignment film is necessary.

[0123] In the vertical alignment liquid crystal display
device, because the liquid crystal has a negative dielectric
constant anisotropy, the liquid crystal molecules forming the
liquid crystal has a characteristic that the liquid crystal tends
to be directed in a direction perpendicular to the direction of
the electric field. In such a liquid crystal display device, a
vertical alignment film is employed as the alignment film for
controlling the initial alignment of the liquid crystal and an
organic material or the like such as, for example, polyimide
and polyamide is used as the material of the vertical align-
ment film. In a vertical alignment liquid crystal display
device, the liquid crystal molecules are controlled, by the
vertical alignment film, to be directed along a direction of
normal of the substrate on which the vertical alignment film is
formed when no electric field is applied to the liquid crystal.
When a voltage is applied between a pixel electrode and a
common electrode to generate an electric field along the
direction of normal of the substrate, the liquid crystal mol-
ecules in a region sandwiched by the electric fields is tilted to
a direction perpendicular to the electric field.

[0124] With this process, the phase of the incident light
transmitting through the liquid crystal changes. The phase
change of the incident light transmitting through the liquid
crystal can be represented as And/A when a distance (gap)
between the substrates sandwiching the liquid crystal is d, the
dispersion of index of refraction is An, and the wavelength of
light is A.. By allowing the light transmitted through the liquid
crystal to transmit through a polarizer plate provided on the
substrate, the transmittance of the incident light changes and
a desired liquid crystal display is achieved. In this case, for
example, the polarizer plate is set so that a black display is
achieved when no voltage is applied and the transmittance of
incident light is maximized at a certain constant voltage
(white voltage Vwhite) when a voltage is applied.

[0125] Recently, as vertical alignment liquid crystal dis-
play devices, full-color vertical alignment liquid crystal dis-
play devices having pixels of three primary colors of red,
green, and blue are developed.

[0126] In a full-color vertical alignment liquid crystal dis-
play device, however, the wavelength A of the light transmit-
ted through the color filters of different colors for pixels of the
three primary colors of red, green, and blue differ among
pixels, and, thus, the transmittance is not maximized with a
constant voltage. In other words, as shown in FIG. 17C, the
V-T characteristic (characteristic curve of applied voltage to
the liquid crystal versus the transmittance) differs among the
pixels for red, green, and blue. The transmittance Tin the V-T
characteristic increases as the applied voltage V to the liquid
crystal increases and decreases after reaching a maximum.
Normally, the white voltage Vwhite is set as the applied
voltage V to the liquid crystal based on B (blue) in which the
transmittance T reaches a maximum value at the lowest volt-
age among red, green, and blue.

[0127] When the white voltage Vwhite is applied, in the G
(green) and R (red) pixels, the transmittance does not reach
100%, resulting in a problem in that color of white is viewed
as a bluish color. Although it is possible to improve the prob-
lem of coloring by increasing the applied voltage to the liquid
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crystal (drive voltage) of the red pixel, with such a configu-
ration, a new problem arises in that the power consumption of
the liquid crystal display device increases.

[0128] FIG. 16 is a cross sectional diagram of a vertical
alignment liquid crystal display device according to a second
preferred embodiment of the present invention. The compo-
nents identical to those in the first preferred embodiment (in
particular, FIG. 1) are basically assigned the same reference
numerals and will not be described again. Although the sec-
ond preferred embodiment is described exemplifying a trans-
flective LCD in which a transmissive region and a reflective
region are provided within each of pixels assigned for display
of three primary colors of red, green, and blue so that the
display can be seen in a bright environment and in a dark
environment, similar to the first preferred embodiment, the
present embodiment is not limited to a transflective LCD and
may be applied to a transmissive LCD and a reflective LCD
having pixels of three primary colors of red, green, and blue.
[0129] A liquid crystal driving TFT 20 is formed in each
pixel of three primary colors of red, green, and blue on a first
glass substrate 100. An interlayer insulating film 34 (and
more preferably, a planarizing insulating layer above the
interlayer insulating film 34) is formed covering the liquid
crystal driving TFTs 20 and a pixel electrode 200 is formed
above the interlayer insulating film 34 in each pixel region.
The pixel electrode 200 is formed by a transparent electrode
210 made of ITO in the transmissive region and is formed by
areflective electrode 220 made of a material having a superior
reflection characteristic such as aluminum in the reflective
region.

[0130] In a blue pixel, the reflective electrode 220(5) is
connected to a source or a drain of the liquid crystal driving
TFT 20 via a contact hole formed through the interlayer
insulating film 34 and the reflective electrode 220 is in contact
with and electrically connected to the transparent electrode
210. Similarly, in the green pixel and red pixel, the reflective
electrode 220 is connected to a source or a drain of the liquid
crystal driving TFT 20 via a contact hole formed through the
interlayer insulating film 34 and the reflective electrode 220 is
in contact with and electrically connected to the transparent
electrode 210. When it is difficult to achieve a direct contact
between the reflective electrode 220 and the transparent elec-
trode 210, it is preferable to insulate the reflective electrode
220 from the TFT 20, form a transparent electrode 210 made
of a transparent conductive metal oxide over the entire pixel
region directly covering the reflective electrode 220, and con-
nect the transparent electrode 210 to the TFT 20 via a contact
hole, as is described with reference to FIG. 6.

[0131] A first vertical alignment film 262 made of an
organic material such as, for example, polyimide and polya-
mide is formed covering the transparent electrode 210 and the
reflective electrode 220 in each pixel.

[0132] A second glass substrate 300 is placed opposing and
in parallel to the first glass substrate 100. On a surface, of the
second glass substrate 300, opposing the first glass substrate
100, a blue color filter layer 3325 which allows light of blue
color to transmit, a green color filter layer 332g which allows
light of green color to transmit, and a red color filter layer
3327 which allows light of red color to transmit are formed
corresponding to the pixels of three primary colors of red,
green, and blue, for filtering light which is incident on the
liquid crystal layer 400 from a light source provided on the
side of the second substrate 300 or on the side of the first
substrate 100 as shown in FIG. 1 or from a light source made
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of ambient light on the side of the second substrate 300 and
transmitting toward the second glass substrate 300.

[0133] In each reflective region of each pixel, a projection
3405 made of a photosensitive resin is formed on the blue
color filter layer 3325 in a region corresponding to the reflec-
tive region, a projection 340g made of a photosensitive resin
is formed on the green color filter layer 332g in a region
corresponding to the reflective region, and a projection 340~
made of a photosensitive resin is formed on the red color filter
layer 332r in a region corresponding to the reflective region.
The projections 340 (3405, 340g, and 340r) are gap adjusting
layers (gap adjusting projections) for adjusting the cell gap to
desired values in the reflective region and the transmissive
region as described in the first preferred embodiment. By
selectively providing the gap adjusting layer 340 in the reflec-
tive region, the opposing distance (gap) between the first glass
substrate 100 and the second glass substrate 300 is set to be
smaller in the reflective region than that in the transmissive
region, to achieve a superior reflective characteristic (display
characteristic in the reflective region). In the illustrated struc-
ture, the thickness of the projections 340 is identical in the
red, green, and blue pixels.

[0134] A transparent common electrode 320 made of ITO
is formed covering the blue color filter layer 3325, green color
filter layer 332g, and red color filter layer 3327 on each of
which a projection 340 is formed and a second vertical align-
ment film 264 made of an organic material such as, for
example, polyimide and polyamide is formed covering the
common electrode 320. Liquid crystal 400 having a negative
dielectric constant anisotropy is sealed in a space between the
first glass substrate 100 and the second glass substrate 300.
[0135] A quarter wavelength (A/A) plate 111 and a polarizer
plate 112 are attached to the backside (side from which light
is emitted) of the first glass substrate 100 as a phase difference
plate. Similarly, a quarter wavelength (A/4) plate 111 and a
polarizer plate 112 are attached to the backside (side from
which light is emitted) of the second glass substrate 300 as a
phase difference plate. With this structure, depending on the
voltage setting on the pixel electrode and the common elec-
trode 214, when no voltage is applied to the liquid crystal 400,
the incident light to the liquid crystal layer 400 is not emitted
to the outside from the side of the second glass substrate 300
and black display is achieved, and, when a voltage is applied
to the liquid crystal layer 400, the transmittance of the light
emitted from the side of the second substrate 300 to the
outside, that is, the transmittance for the liquid crystal layer,
increases based on the applied voltage.

[0136] A characteristic in the second preferred embodi-
ment can be found in the thicknesses of the color filter layers
332b, 332g, and 332 for blue, green, and red. When the
thickness of the blue color filter layer 3325 is D-blue, the
thickness of the green color filter layer 332g is D-green, and
the thickness of the red color filter layer 332~ is D-red, the
thicknesses satisfy a condition of D-blue=D-green>D-red.
The gap (thickness of liquid crystal sandwiched by the sub-
strate) in the transmissive region of pixels for red, green, and
blue satisfies a relationship opposite to that of the thicknesses
of the color filter layers. That is, when the gap in the trans-
missive region of blue pixel is G-blue(T), the gap in the
transmissive region of green pixel is G-green(T), and the gap
in the transmissive region of red pixel is G-red(T), the gaps
satisfy a condition of G-red(T)>G-green(T)ZG-blue(T). In
this manner, by setting the thicknesses of the blue color filter
layer 3325, green color filter layer 332g, and red color filter
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layer 332r to differ from each other to achieve different gaps
(also referred to as “cell gap”) among the pixels, it is possible
to achieve uniform V-T characteristic for pixels for red, green,
and blue.

[0137] Next, the V-T characteristic of pixels for red, green,
and blue will be described based on an experimental result
shown in FIGS. 17A-17C. In FIGS. 17A-17C, the horizontal
axis represents voltage to be applied to the liquid crystal 400
and the vertical axis represents transmittance of incident
light.

[0138] When D-blue=D-green=D-red (when the thickness
ofall color filter layers is identical) as shown in FIG. 17C, the
V-T characteristic significantly differ among red, green, and
blue. When the thicknesses are set to satisfy the condition of
D-blue>D-green>D-red as shown in FIG. 17A, the V-T char-
acteristics of blue and red pixels become closer to the V-T
characteristic of the green pixel. When the gap of red, green,
and blue are set to G-red(T)=4.8 um, G-green(T)=4.0 um, and
G-blue (T)=3.3 um through setting of the thicknesses of the
blue color filter layer 3325, green color filter layer 332g, and
red color filter layer 3327, the V-T characteristic can be set
almost identical for red, green, and blue. With this configu-
ration, it is possible to select a suitable white voltage Vwhite
(for example, a voltage V in which the transmittance is maxi-
mized) to realize display driven by a low voltage and having
no coloring

[0139] When the thicknesses are set to achieve a condition
of D-blue=D-green>D-red as shown in FIG. 17B, the V-T
characteristics of blue and green pixels are identical to those
in FIG. 17C, but the V-T characteristic of the red pixel
becomes closer to the V-T characteristic of the green pixel.
With this configuration, a high transmittance can be obtained
in the red pixel at a lower voltage V compared to the V-T
characteristic of FIG. 17C, and thus, the problem of coloring
can be improved accordingly.

[0140] In the reflective region, gap adjusting layers (pro-
jections) 3407, 340g, and 3405 are provided for the pixels for
red, green, and blue, but the color filter layers 33256, 332g, and
332~ for blue, green, and red are present both in the transmis-
sive region and the reflective region. Therefore, by setting the
thicknesses of the color filter layers 3325, 332g, and 332~ as
described above, the relationship in the sizes of the gaps in the
reflective regions becomes similar to that in the transmissive
region. In other words, when the gap of blue pixel in the
reflective region is G-blue(R), the gap of green pixel in the
reflective region is G-green(R), the gap of red pixel in the
reflective region is G-red(R), and the heights of the projec-
tions 3405, 340g, and 3407 are identical to each other, a
relationship of G-red(R)>G-green(R) G-blue=(R) is satis-
fied. Therefore, in the second preferred embodiment, the V-R
characteristic (characteristic of applied voltage to the liquid
crystal versus reflectance) of pixels for red, green, and blue
becomes more uniform, and therefore, similar to the above, a
display driven by a low voltage and having no coloring can be
obtained.

[0141] A method of forming the color filters 332, 332g,
and 3325 for red, green, and blue will now be described. Each
color filter layer can be formed basically by spin coating a
photosensitive resin including a pigment of the color on the
second glass substrate 300 and applying exposure and devel-
opment processes to pattern so that the resin remains in a
predetermined region. However, in the second preferred
embodiment, because the thicknesses of the color filter layers
are not identical, when a thick color filter layer, for example,
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the blue color filter layer 33254 is formed first, projections and
depressions on the surface of the second glass substrate 300
becomes large, making it difficult to form the other color filter
layers, for example, the red color filter layer 332r

[0142] In consideration of this, it is preferable that the red
color filter layer 3327 which is thin is formed first, the green
color filter layer 332¢ is formed next, and the blue color filter
layer 3325 is formed last, in order to facilitate manufacturing
steps. When the thickness of the blue color filter 3325 and the
green color filter layer 332g are identical, the two color filter
layers having the same thickness can be formed in any order.

Third Preferred Embodiment

[0143] A third preferred embodiment of the present inven-
tion will now be described referring to the drawings. FIG. 18
is adiagram schematically showing a cross sectional structure
ofavertical alignment liquid crystal display device according
to the third preferred embodiment of the present invention.
The components identical to those in the second preferred
embodiment are assigned the same reference numerals and
will not described again.

[0144] In the third preferred embodiment, in order to
achieve different optimum thicknesses of gap G in the red,
green, and blue pixels, in addition to the red, green, and blue
color filter layers 330, 330g, and 33056 formed on the side of
the second glass substrate 300 and the projections 340 (340r,
340g, and 3405) for adjusting the gap difference between the
transmissive region and the reflective region, an adjusting
layer (gap layer) 350 for adjusting the gap difference for red,
green, and blue is provided. More specifically, in the blue and
green pixel regions which require smaller cell gaps G than the
cell gap G in the red pixel region, photosensitive resin layers
3506 and 350g are selectively formed on the blue color filter
layer 3305 and the green color filter layer 330g, respectively,
as the adjusting layer 350. In this description, the thickness of
the photosensitive resin layer 3505 on the blue color filter
layer 3304 is assumed to be t1 and the thickness of the pho-
tosensitive resin layer 350g on the green color filter layer
330gis assumed to be t2. The values of t1 and t2 are set so that
t1=t2. When a gap (thickness of the liquid crystal sand-
wiched between substrates) in the transmissive region of the
blue pixel is G-blue (T), the gap in the transmissive region of
the green pixel is G-green(T), and the gap in the transmissive
region of the red pixel is G-red(T), these gaps satisfy a con-
dition of G-red(T)>G-green(T)=G-blue (T).

[0145] Inthe third preferred embodiment, as shown in FIG.
18, when the thicknesses of the color filter layers 330, 330g,
and 3305 are set to an identical thickness and the thicknesses
of the projections 3407, 340g, and 3405 are also set to an
identical thickness, if t1=t2, the cell gaps satisfy a condition
of G-green=G-blue.

[0146] Inthis manner, by selectively forming the photosen-
sitive resin layer 350 at a necessary color region to achieve
different optimum gaps (also referred to as “cell gap™) in the
pixels for red, green, and blue, it is possible to achieve a more
uniform V-T characteristic for pixels for red, green, and blue.
[0147] Next, a V-T characteristic of red, green, and blue
pixels will be described referring to an experimental result of
FIGS. 19A-19C. In FIGS. 19A-19C, the horizontal axis rep-
resents voltage to be applied to the liquid crystal 400 and the
vertical axis represents transmittance of incident light.
[0148] First, when G-red (T)=G-green (T)=G-blue (T) as
shown in FIG. 19C (when the photosensitive resin layers
350g and 3505 are not provided), the V-T characteristic sig-
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nificantly differs among red, green, and blue. When, on the
other hand, a condition of G-red(T)>G-green(T)>G-blue (T)
is satisfied as shown in FIG. 19A, the V-T characteristics of
blue and red pixels become closer to the V-T characteristic of
the green pixel (the characteristics for red, green, and blue
without the correction are described in parentheses in FIG.
19A). More specifically, when the gaps for red, green, and
blue are set to G-red=4.8 pm, G-green=4.0 um, and
G-blue=3.3 um, the V-T characteristics of red, green, and blue
can be set almost identical to each other. With this configu-
ration, by selecting a suitable white voltage Vwhite (for
example, a voltage V in which the transmittance is maxi-
mized), it is possible to obtain display driven by a low voltage
and having no coloring.

[0149] When G-red(T)>G-green (T)=G-blue (T) as shown
in FIG. 19B, the V-T characteristics of blue and green pixels
are identical to those in FIG. 190, but the V-T characteristic of
the red pixel becomes closer to the V-T characteristic of the
green pixel. With this structure, compared to the V-T charac-
teristic of FIG. 19C, it is possible to obtain a high transmit-
tance at a lower voltage V for the red pixel, and thus, to
improve the problem of coloring.

[0150] In the reflective region, projections 340 are formed
for each of the red, green, and blue pixels. However, because
the thicknesses of the projections 340 are set to an identical
value for red, green, and blue, the relationship among the gaps
in the reflective region is similar to that in the transmissive
region. That is, when the gap in the reflective region of the
blue pixel is G-blue(R), the gap in the reflective region of the
green pixel is G-green(R), and the gap in the reflective region
of the red pixel is G-red(R), the gaps satisfy a condition of
G-red(R)>G-green(R)ZG-blue (R). Therefore, with the third
preferred embodiment also, the V-R characteristic (character-
istic of applied voltage to the liquid crystal versus reflectance)
in red, green, and blue pixels can be more uniform, and, thus,
it is possible to obtain a display driven by a low voltage and
having no coloring.

What is claimed is:
1. A liquid crystal display device comprising:
a plurality of pixels; and
vertical alignment liquid crystal which is sealed between a
first substrate having a pixel electrode and a second
substrate having a common electrode,
wherein each of the pixels has a shape in which a column
direction is longer than a row direction;
each of the pixels is divided into a first pixel region and a
second pixel region having different areas by a boundary
extending in the row direction and bent in a V shape;
the first pixel region is formed such that an end portion
thereof defined by a vertex of the boundary which is bent
in a V shape cuts into the second pixel region; and
in the first pixel region, the liquid crystals are aligned
toward a first center line in the first pixel region, and in
the second pixel region, the liquid crystals are aligned
toward a second center line in the second pixel region.
2. The liquid crystal display device according to claim 1,
wherein the vertex of the boundary is located on an extension
line of the second center line.
3. The liquid crystal display device according to claim 2,
wherein the first center line and the second center line are
orthogonal to each other.
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4. The liquid crystal display device according to claim 3,
wherein a preferential viewing angle of the first pixel region
is different from a preferential viewing angle of the second
pixel region.

5. A liquid crystal display device comprising;

a plurality of pixels; and

vertical alignment liquid crystal which is sealed between a

first substrate having pixel electrode and a second sub-
strate having a common electrode,

wherein each of the pixels has a shape in which a column

direction is longer than a row direction;

each of the pixels is divided into a first pixel region and
a second pixel region having different areas by a
boundary extending in the row direction and bent in a
V shape;

the first pixel region is formed such that an end portion
thereof defined by a vertex of the boundary which is
bent in a V shape cuts into the second pixel region;

in the first pixel region, liquid crystal molecules are
aligned such that the first pixel region is divided into
a plurality of regions defined by a first linear shaped
line located at a center of the first pixel region; and

in the second pixel region, liquid crystal molecules are
aligned such that the second pixel region is divided
into a plurality of regions defined by a second linear
shaped line located at a center of the second pixel
region.

6. A liquid crystal display device according to claim 5,
wherein the vertex of the boundary is located on an extension
line of the second linear shaped line.

7. The liquid crystal display device according to claim 6,
wherein the first linear shaped line and the second linear
shaped line are orthogonal to each other.

8. The liquid crystal display device according to claim 7,
wherein
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a preferential viewing angle of the first pixel region is
different from a preferential viewing angle of the second
pixel region.

9. A liquid crystal display device comprising:

a plurality of pixels; and

vertical alignment liquid crystal which is sealed between a
first substrate having a pixel electrode and a second
substrate having a common electrode,

wherein each of the pixels has a shape in which a column
direction is longer than a row direction;

each of the pixels is divided into a first pixel region and a
second pixel region having different areas by a boundary
extending in the row direction and bent in a V shape; the
first pixel region is formed such that an end portion
thereof defined by a vertex of the boundary which is bent
in a V shape cuts into the second pixel region;

in the first pixel region, liquid crystal molecules are aligned
such that the first pixel region is divided into four regions
defined at least by a first linear shaped line located at a
center of the first pixel region; and

in the second pixel region, liquid crystal molecules are
aligned such that the second pixel region is divided into
four regions defined at least by a second linear shaped
line located at a center of the second pixel region.

10. The liquid crystal display device according to claim 9,
wherein the vertex of the boundary is located on an extension
line of the second linear shaped line.

11. The liquid crystal display device according to claim 10,
wherein the first linear shaped line and the second linear
shaped line are orthogonal to each other.

12. The liquid crystal display device according to claim 11,
wherein a preferential viewing angle of the first pixel region
is different from a preferential viewing angle of the second
pixel region.
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