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(57) ABSTRACT

The present invention provides semi-transmission type liquid
crystal display device offering high contrast ratio and aper-
ture ratio for transmissive display and capable of supporting
pixels in fine geometry. The liquid crystal display device of
the present invention includes a first substrate (10), a liquid
crystal layer (100), and a second substrate (60) in this order.
The aforementioned first substrate (10) includes a pixel elec-
trode (19) having a trunk portion and a plurality of branch
portions branching out of the aforementioned trunk portion,
and the display region, which contains the region in which the
branch portions and slits are laid out alternately, includes of a
reflective region (R) and a transmissive region (D). In the
aforementioned reflective region (R), the aforementioned
first substrate (10) includes a reflective film (14) beneath the
aforementioned pixel electrode (19), and the aforementioned
second substrate (60) includes a A/4 phase difference layer
(50) on the side of the aforementioned liquid crystal layer
(100).
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FIG. 1
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FIG. 4
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FIG. 6
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, and more specifically, to a semi-transmission
type liquid crystal display device.

BACKGROUND ART

[0002] Liquid crystal display devices are thin, light, con-
sume low power, and are widely used in electronics systems
such as monitors, projectors, mobile phones, and personal
digital assistants. Known types of such liquid crystal display
devices include the transmission type, reflection type, and
semi-reflection type (reflection-transmission type).

[0003] Display on a transmission type liquid crystal display
device takes place when light from the back side from, for
example, a backlight placed on the back side of a liquid
crystal display panel is guided through internally and then
emitted externally. A display on a reflection type liquid crys-
tal display device takes place when, for example, ambient
light or light from a front light on the front side (the observer’s
side) is guided internally through the liquid crystal display
panel and then reflected.

[0004] On the other hand, a semi-transmission type liquid
crystal display device performs transmission display, using
light from the back side in a relatively dark environment such
as the indoors, and performs reflection display, using light
from the front side in a relatively brighter environment such
as the outdoors. In other words, the semi-transmission liquid
crystal display device combines a superior visibility of a
reflection type liquid crystal display device in a bright envi-
ronment and a superior visibility of a transmission type liquid
crystal display device in a dark environment.

[0005] On the other hand, also known is a multi domain
vertical alignment liquid crystal display device (MVA-LCD
device) having liquid crystal with negative dielectric anisot-
ropy in a vertical orientation and, as a structure for controlling
the orientation, including levies (linear shaped protrusions)
and channels (slits) in the electrodes on a substrate.

[0006] Forexample, Patent Document 1 discloses an MVA-
LCD device designed to make it more difficult to apply a
voltage on the liquid crystal layer in the reflective region and
make the electro-optical characteristics of the reflective dis-
play match the electro-optical characteristics of the transmis-
sive display by a means of controlling the liquid crystal ori-
entation in a region contributing to transmissive display
(transmissive region) and a region contributing to reflective
display (reflective region), respectively. As a means of con-
trolling the liquid crystal orientation, a slit shaped opening is
formed by opening a portion of an electrode, and/or a protru-
sion, consisting of a dielectric body, is formed on the elec-
trode; and an opening surface of the aforementioned opening
and/or a surface area of the substrate occupied by the protru-
sion 1s made larger in the aforementioned reflective display
region, compared with the aforementioned transmissive dis-
play region.

[0007] Inthe MVA-LCD device, however, regions in which
the opening or the protrusion is placed as a means of control-
ling the orientation make the aperture ratio smaller, and the
transmissivity goes down at portions where such a structure is
placed. Furthermore, the contrast suffers due to light leakage
caused by random orientation in the vicinity of a protrusion,
and the resulting display is darker with lower white bright-
ness. An improvement would be desirable.
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[0008] Furthermore, the MVA-LCD display in general
includes a A/4 phase difference plate, which is required for
reflective display and is placed across an entire surface on the
substrate on the observer’s side (color filter substrate) and the
substrate on the back side, respectively, on the outer sides. For
this reason, light emitting from the back light must pass
through the A/4 phase difference plate, which should not be a
necessity in the first place, in transmissive display. As a result,
the transmissive display contrast characteristics tend to
degrade due to an optical axis shift and across-the-surface
variability in the phase difference in the A./4 phase difference
plate.

[0009] For this reason, an MVA-LCD device has been dis-
closed, having a liquid crystal layer in the transmissive region
that is thicker compared with the liquid crystal layer in the
reflective region, and including a phase difference plate (A/4
phase difference plate), which is required for reflective dis-
play, between the substrate and the liquid crystal layer in the
reflective region (see, for example, Patent Document 2). The
MVA-LCD display having such a structure is able to offer an
improved transmissive contrast ratio without suffering from
reduced transmissivity.

[0010] The MVA-LCD display having the above-men-
tioned structure nevertheless also requires the protrusions and
slits as a means of controlling the orientation. Furthermore,
the manufacturing process is complicated, because the trans-
missive region and the reflective region have varying direc-
tions of orientation control for the means of controlling the
orientation and varying number of divisions inside the pixel.
Furthermore, a step portion is necessitated due to the thick-
ness of the liquid crystal layer in the transmissive region being
different from the thickness of the liquid crystal layer in the
reflective region, and the liquid crystal orientation at the step
portion becomes random. As a result, there has been a room
for improvement in terms of a significant impact on the ori-
entations in both the transmissive region and the reflective
region, especially in high resolution models having small
pixel sizes.

[0011] With respect to such, a technology is known as a
means of adding a pre-tilt angle using a polymer and control-
ling the liquid crystal orientation without relying on a means
of controlling the orientation using protrusions and slits (see,
for example, Patent Document 3). With the technology for
adding the pre-tilt angle using the polymer, a liquid crystal
composite, consisting of a mixture of liquid crystal and a
polymer component, such as monomer and oligomer, is
sealed between the substrates, and then the polymer compo-
nent is polymerized, while a voltage is applied between the
substrates to tilt the liquid crystal molecules. As a result, a
liquid crystal layer having a tilt (slope) in a prescribed direc-
tion of sloping is obtained. FIG. 4 in Patent Document 3
discloses a liquid crystal display device using striped elec-
trodes having an electrode width of 3 pm and a spacing width

of 3 um.

Prior Art Documents
Patent Documents

[0012] Patent Document 1: Japanese Patent Application
Laid-Open Publication No. 2004-198920

[0013] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2008-83610

[0014] Patent Document 3: Japanese Patent Application
Laid-Open Publication No. 2003-149647
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SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0015] The present invention has been made in consider-
ation of the state of the art described above with an objective
of providing a semi-transmission type liquid crystal display
device offering a high contrast ratio and aperture ratio for the
transmissive display and capable of supporting pixels in fine
geometry.

Means of Solving the Problem

[0016] The present inventors have examined various semi-
transmission type liquid crystal display devices and made the
present invention after discovering that the aforementioned
issues can be completely resolved when a A/4 phase differ-
ence plate, required for the reflective display, is selectively
formed on the liquid crystal layer side of a second substrate
(substrate on the observer’s side) only at a portion corre-
sponding with a reflective display region, in a display mode in
which a pixel electrode is relatively formed on a first substrate
and has a trunk portion and a plurality of branch portions
branching out of the aforementioned trunk portion, and a
region in which the branch portions and slits (portions in
which pixel electrodes are not formed) are laid out alternately
is used as adisplay region. This is because an area required for
installing a means of controlling the orientation is reduced,
the aperture ratio is enhanced and, furthermore, the transmis-
sive display contrast ratio is enhanced.

[0017] In other words, the present invention provides a
liquid crystal display device having a first substrate, a liquid
crystal layer, and a second substrate in the order mentioned,
wherein the aforementioned first substrate includes a pixel
electrode having a trunk portion and a plurality of branch
portions branching out of the aforementioned trunk portion;
the aforementioned liquid crystal display device includes a
display region including the aforementioned branch portions
and slits laid out alternately; the aforementioned display
region includes a transmissive region and a reflective region,;
the aforementioned first substrate includes a reflective film
beneath the aforementioned pixel electrode in the aforemen-
tioned reflective region; and the aforementioned second sub-
strate includes a A/4 phase difference layer beneath the afore-
mentioned liquid crystal layer.

[0018] The present invention will be described in detail
below.
[0019] In the liquid crystal display device of the present

invention, a display is performed by changing the voltage
applied to a liquid crystal layer in order to change the retar-
dation of the liquid crystal layer.

[0020] The aforementioned pixel electrode is normally
installed on each pixel and used for applying a voltage to the
liquid crystal layer. A pixel electrode having a shape includ-
ing a trunk portion and a plurality of branch portions branch-
ing out of this trunk portion, as described above, is a so-called
fishbone type electrode. In a preferred embodiment of the
pixel electrode, a cross-shaped trunk portion divides the
inside of a pixel into four regions, and the plurality of branch
portions extend in each of these four regions, respectively. In
order to improve the view angle characteristics, the four
regions should preferably include a region in which the
branch portions extend in a 45° direction, a region in which
the branch portions extend in a 135° direction, a region in
which the branch portions extend in a 225° direction, and a
region in which the branch portions extend in the 315° direc-
tion, when the cross-shaped trunk portion extends in the
directions of 0°, 90°, 180°, and 270°.
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[0021] The liquid crystal display device of the present
invention has a display region that includes a region in which
the aforementioned branch portions and slits are laid out
alternately. In the region in which the branch portions and the
slits are laid out alternately, the width of the branch portions
should preferably be 3 pm or less, and the slit width should
preferably be 3 wm or less, so that the orientation of the liquid
crystal molecules is stabilized using solely the fishbone type
electrode on a first substrate without installing a means of
controlling the orientation on a second substrate.

[0022] Theaforementioned display region includes a trans-
missive region and a reflective region. The transmissive
region refers to a region contributing to transmissive display,
and the reflective region refers to a region contributing to
reflective display. In other words, the light used for transmis-
sive display passes through the liquid crystal layer in the
transmissive region, and the light used for reflective display
passes through the liquid crystal layer in the reflective region.
In the aforementioned reflective region, the first substrate
includes a reflective film beneath the pixel electrode. Details
on the reflective film will be described later.

[0023] In the aforementioned reflective region, the second
substrate (substrate on the observer’s side) includes a A/4
phase difference layer on the liquid crystal layer side, and
therefore inside a cell. The A/4 phase difference layer is a
phase difference plate having an optical anisotropy and made
in such a way as to create a A/4 variance in optical paths
between two polarizing components that vibrate in an
orthogonal direction with respect to each other; has a function
of converting linear polarization into circular polarization or
circular polarization into linear polarization; and is used for
reflective display.

[0024] Because the liquid crystal display device of the
present invention is able to stabilize the orientation of liquid
crystal molecules using the fishbone type electrode formed on
the first substrate, as described above, the A/4 phase differ-
ence layer may be placed only in the reflective region on the
liquid crystal layer side of the second substrate without
requiring protrusions and slits for dividing the inside of the
pixel and for controlling the liquid crystal orientation. The A/4
phase difference layer may be placed, for example, between
the second substrate and a color filter layer.

[0025] Because the liquid crystal display device of the
present invention having a structure such as those described
above does not have a A/4 phase difference layer placed in the
transmissive display region, a semi-transmission type liquid
crystal display device having a reflective feature is obtained,
while also realizing high-contrast characteristics for trans-
missive display, which are comparable to a transmission type
liquid crystal display device. Furthermore, the transmissive
region and the reflective region should preferably have iden-
tical directions of orientation control and numbers of divi-
sions, and, furthermore, the transmissive region and the
reflective region should have a continuous orientation. With
such a preferred embodiment, there would be no need to form
the protrusions and slits for dividing the orientations, a high
aperture ratio would be maintained even in a high resolution
model having a small pixel size that is extremely susceptible
to low aperture ratio, and high transmissive contrast charac-
teristics can be achieved.

[0026] The aforementioned second substrate in the liquid
crystal display device of the present invention should prefer-
ably have a light blocking element at a boundary portion
between the reflective region and the transmissive region,
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which is also a boundary portion of the aforementioned A/4
phase difference layer. The light blocking element (black
matrix) thus placed can block the light transmitting through
the phase difference layer inside the cell in the transmissive
region and block off the light not transmitting through the
phase difference layer in the cell in the reflective region. As a
result, excellent display characteristics can be obtained with-
out degradation in the transmissive and reflective displays,
while enough margins for manufacturability are ensured. A
metal material like chrome or chrome oxide or an acrylic
resin, having a dispersion of carbon micro-particles, for
example, may be used for forming the black matrix.

[0027] The aforementioned second substrate preferably
includes an insulating film in at least the transmissive region
on the side of the aforementioned liquid crystal layer with
respect to the aforementioned A/4 phase difference layer for
planarizing a step between a region in which the A/4 phase
difference layer is placed and another region. As a result, it is
possible to control the random orientation caused by this step
and prevent the light from leaking at the step portion. An
acrylic resin is suited for forming the insulting film.

[0028] Here, the region in which the trunk portion of the
pixel electrode is laid out should preferably be used as the
reflective region. For example, in an embodiment in which the
inside of the pixel is divided into four regions by the cross-
shaped trunk portion with a plurality of branch portions
extending in the four regions, respectively, the liquid crystal
orientation in each of the four regions differs from one
another, and the region in which the trunk portion is laid out
would become a boundary between the different orientations.
For this reason, it is difficult to achieve a stable liquid crystal
orientation in the region in which the trunk portionis laid out,
and as a result, the display may become non-uniform. A
reflective display, in general, is not designed for a higher
display quality compared with transmissive display. For this
reason, using the trunk portion as the reflective region without
blocking the light can result in a minimum impact on the
display quality while the aperture ratio would be improved.
[0029] The aforementioned reflective film must be placed
beneath the pixel electrode in at least a region overlapping the
slits of the pixel electrode, but may be formed atop the pixel
electrode in a region overlapping the pixel electrode trunk
portion and branch portions. The reflective film formed atop
the pixel electrode can shorten the optical path of the light
used for reflective display and enhance the reflectivity.
[0030] In terms of enhancing the quality of reflective dis-
play, the liquid crystal display device of the present invention
should have the liquid crystal layer in the transmissive region,
the thickness of which is 60% or greater ofthe thickness of the
liquid crystal layer in the reflective region. More preferred
would be an embodiment in which the thickness of the liquid
crystal layer in the reflective region is effectively equivalent
to the thickness of the liquid crystal layer in the transmissive
region.

[0031] This preferred embodiment offers an advantage in
that the manufacturing process is simplified because a multi-
gap structure in which the thickness of the liquid crystal layer
in the reflective region is approximately half of the liquid
crystal layer in the transmissive region is not used. Further-
more, because the thickness of the liquid crystal layer in the
reflective region is effectively equivalent to the thickness of
the liquid crystal layer in the transmissive region, it is possible
to make the liquid crystal response speed in the reflective
region equivalent to the liquid crystal response speed in the
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transmissive region. As a result, the same overshoot-drive
voltage bias conditions may be used in the transmissive
region and the reflective region.

[0032] Here, the overshoot drive refers to amethod of driv-
ing the liquid crystal in which a drive voltage, which is higher
(overshooting) or lower (undershooting) than a predeter-
mined grayscale voltage, for an input image signals for a
current frame, is supplied to the liquid crystal display panel
based on a combination of input image signals for a previous
frame and the input image signals for the current frame for a
purpose of enhancing the liquid crystal response speed.
[0033] On the other hand, in a semi-transmission type lig-
uid crystal display device that does not have amultigap struc-
ture, voltage-brightness characteristics (voltage-reflective
brightness characteristics) in the reflective region differ from
voltage-brightness  characteristics ~ (voltage-transmissive
brightness characteristics) in the transmissive region. Specifi-
cally, it is necessary to take into consideration an effective
retardation in the reflective region, which is calculated based
on twice the thickness of the liquid crystal layer, because the
light from the front side in reflective display passes through
the liquid crystal layer twice as it enters and then leaves the
liquid crystal display panel, while the light from the back side
in transmissive display passes through the liquid crystal layer
only once as it enters and leaves the liquid crystal display
panel.

[0034] Because the thickness of the liquid crystal layer is
effectively the same in the transmissive region and the reflec-
tive region in the above preferred embodiment, the effective
retardation of the liquid crystal layer in the reflective region is
larger than the retardation of the liquid crystal layer in the
transmissive region when the liquid crystal in the transmis-
sive region and the liquid crystal in the reflective region are
driven at an identical voltage.

[0035] Therefore, when the voltage-brightness characteris-
tics in the reflective region are plotted, with the voltage
applied to the pixel electrode being the x axis and the bright-
ness being the y axis, the slope of the voltage-reflective
brightness curve is steeper than the slope of the voltage-
transmissive brightness curve. Furthermore, an applied volt-
age Rmax, which results in a maximum brightness in the
reflective region, is smaller than an applied voltage Tmax,
which results in a maximum brightness in the transmissive
region; and the brightness in the reflective region when a
voltage larger than Rmax (for example Tmax) is applied is
lower than the brightness in the reflective region when Rmax
is applied. In other words, the brightness of the reflective
display increases with an increasing applied voltage, achieves
a maximum level under an applied voltage (Rmax) that is
lower than the applied voltage (Tmax) at which the brightness
of transmissive display reaches a maximum level, and then
decreases monotonously with further increases in the applied
voltage. Therefore, when the transmissive region and the
reflective region are driven uniformly with identical signals,
with the thickness of the liquid crystal layer in the transmis-
sive region being identical to the thickness of the liquid crys-
tal larger in the reflective region, the reflective display exhib-
its a grayscale inversion.

[0036] On the other hand, the present invention makes it
possible to attain the voltage-reflective brightness character-
istics that is not susceptible to the grayscale inversion because
aratio of the area occupied by the slits in the aforementioned
reflective regions is adjusted without the use of a multigap
structure. In other words, the present inventors have discov-
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ered that it is more difficult to apply a voltage on the liquid
crystal layer in a region where the slits are placed inside the
reflective region (also called a slit region from here on) than a
region in which the branch portions of the pixel electrode are
placed (also called the electrode region from here on) even
when the width of the slits is 5 pm or less, and the transmis-
sivity decrease as a result.

[0037] Therefore, Rmax, which is the applied voltage that
results in the maximum brightness in the reflective region, is
larger in the slit region and is the same or larger than Tmax,
the voltage that results in the maximum brightness in the
transmissive region (slit region Rmax=Tmax>electrode
region Rmax). When the slit region is used for reflective
display (or when the areas occupied by the electrode region
and the slit region inside the reflective region is adjusted), it is
possible to make the voltage-transmissive characteristics in
the reflective region be more similar to the voltage-transmis-
sive characteristics in the transmissive region, even when the
transmissive region and the reflective region are driven with
an identical signal voltage, and a grayscale inversion in
reflective display can be suppressed.

[0038] Specifically, a ratio of the area occupied by the
aforementioned slits in the aforementioned pixel electrode
preferably is 30% or more of the entire aforementioned
reflective region. When the ratio of the area occupied by the
slits in the reflective region is thus adjusted, it is no longer
necessary to drive the liquid crystal in the transmissive region
and the liquid crystal in the reflective region with separate
signal voltages even when a multigap structure is not formed.
As aresult, ahigh aperture ratio is achieved, because separate
thin film transistors (TFT), etc., do not need to be created for
the transmissive region and for the reflective region.

[0039] Some of the methods of adjusting the ratio of the
area occupied by the slits in the aforementioned reflective
region are, for example, making the width of the electrodes in
the reflective region narrower than the width of the electrodes
in the transmissive region; widening the width of the reflec-
tive film in the vicinity of the trunk portion; and placing a
reflective film under the slit.

[0040] A preferred embodiment of the aforementioned first
substrate includes on the substrate surface a polymer formed
by polymerizing polymerizable components added to the
aforementioned liquid crystal layer while a voltage is applied
on the aforementioned liquid crystal layer, and the aforemen-
tioned polymer has a surface structure that defines a pre-tilt
angle and/or the direction of orientation, when under a volt-
age bias, of the liquid crystal molecules. With such an
embodiment, the liquid crystal response speed can be
enhanced while a reduction in the aperture ratio is prevented.

[0041] A preferred embodiment of the aforementioned lig-
uid crystal layer includes liquid crystal molecules having an
orientation in a direction orthogonal to the substrate surface
under no voltage bias, and having an orientation in the direc-
tion horizontal to the substrate surface, when under a voltage
bias. A method of displaying on the liquid crystal display
device having such a liquid crystal layer is called the vertical
alignment mode. In order to realize a normally black (display)
with a high contrast ratio, liquid crystal molecules having a
negative dielectric anisotropy are used.

[0042] Here, the liquid crystal display device of the present
invention may either have a normally black mode (a mode in
which the optical transmissivity or brightness inan off state is
lower than that in an on state) or a normally white mode (a
mode in which the optical transmissivity or brightness in an
off state is higher than that in the on state).
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[0043] A preferred embodiment of the aforementioned
reflective film is an embodiment using signal wiring lines. For
example, a supplemental capacitance bus line, gate bus line,
and source bus line might be suitably used. These signal
wiring lines are required for driving an active matrix type
liquid crystal display device. Using these signal wiring lines
also as the reflective film eliminates a need for an additional
step for forming the reflective region when compared with a
method of manufacturing a transmission type liquid crystal
display device, and enables a simplified manufacturing of the
semi-transmission type liquid crystal display device.

[0044] Furthermore, using the reflective film, which is not
the pixel electrode, for the reflective display allows a consis-
tent use of the indium tin oxide (ITO) material or the like for
the pixel electrodes in the transmissive region and the reflec-
tive region, and suppresses a flickering phenomenon arising
from a difference in the optimal opposing voltages for the
transmissive display and for the reflective display.

[0045] It is especially desirable to use the supplemental
capacitance bus line as the reflective film for enhancing the
aperture ratio, because the supplemental capacitance bus line
is usually placed inside a display region for forming a supple-
mental capacitance in each pixel. Furthermore, a conductive
body, formed in isolation from the signal wiring lines and in
an identical layer as the signal wiring lines, may also be used
as the reflective film so that it may be formed in an identical
step as the signal wiring lines.

[0046] A preferred embodiment of the liquid crystal dis-
play device of the present invention includes the aforemen-
tioned first substrate further having a conductive portion and
an insulating film covering the aforementioned conductive
portion underneath the pixel electrode; and an opening is
formed in the aforementioned insulating film in the reflective
region. The conductive portion and the pixel electrode are
electrically connected inside the aforementioned opening,
and the thickness of the aforementioned liquid crystal layer is
larger in the region where the opening is formed, compared
with that in the transmissive region.

[0047] Because the thickness of the liquid crystal layer in
the region in which the opening is formed is larger than the
thickness of the liquid crystal layer in another region, an
effective retardation in the liquid crystal layer in the region in
which the opening is formed in the reflective region exceeds
twice the value of retardation in the liquid crystal layer in the
transmissive region when the voltage Tmax, which results in
a maximum brightness with transmissive display, is applied
on both the reflective region and the transmissive region.
[0048] Therefore, in this preferred embodiment, the volt-
age-brightness characteristics of the region in which the
opening is formed includes, within a range of the bias voltage
that is equal to or less than Tmax, a voltage that results in a
maximum brightness in the transmissive region, which is a
first voltage that results in a maximum brightness, followed
by at least a voltage that results in a minimum brightness and
a second voltage that results in a maximum brightness, in the
order mentioned, with increasing bias voltage. By taking
advantage of the voltage-brightness characteristics for the
region in which the opening is formed, it is possible to syn-
thesize the voltage-brightness characteristics of the remain-
ing region inside the reflective region and the voltage-bright-
ness characteristics of the region in which the opening is
formed, so that the second and subsequent monotonic
increases in brightness in the region in which the opening is
formed makes up for the monotonic reduction in brightness in
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the remaining region inside the reflective region within a
range of bias voltages that is greater than Rmax, the voltage
that results in maximum brightness in the remaining region
inside the reflective region.

[0049] Thethickness ofthe liquid crystal layerin the region
in which the aforementioned opening is formed should pref-
erably be 1.1 to 3.0 times larger than the thickness of the
liquid crystal layer in the transmissive region. When the
thickness is less than 1.1 times the thickness of the liquid
crystal layer in the transmissive region, a sufficient supple-
mental effect would not be obtained from the second mono-
tonic increase in the region in which the opening is formed,
raising a concern that the voltage at which the brightness
inversion takes place in the synthesized voltage-brightness
characteristics may shift toward a lower voltage. When the
thickness exceeds 3.0 times the thickness of the liquid crystal
layer in the transmissive region, the first maximum voltage,
the minimum voltage, and the second maximum voltage for
the region in which the opening is formed would shift signifi-
cantly toward the lower voltage, raising a concern that the
synthesized voltage-brightness characteristics may not show
a monotonic increase on the way toward the first maximum
voltage, and that the voltage at which a brightness inversion
takes place may shift toward a lower voltage. The thickness of
the liquid crystal layer in the region in which the aforemen-
tioned opening is formed should more preferably be 1.5t0 2.5
times the thickness of the liquid crystal layer in the transmis-
sive region.

[0050] The aforementioned opening is a so-called contact
hole. Here, the conductive portion in the present disclosure
not only includes a portion made of the conductive material,
but also includes a portion made of the semiconductor mate-
rial. An example of the conductive portion would be a drain
electrode of a thin film transistor (TFT).

[0051] A preferred embodiment of the aforementioned
pixel electrode includes the aforementioned transmissive
region portion made of a transparent conductive material, and
the aforementioned reflective region portion made of a reflec-
tive conductive film. When the pixel electrode in the reflective
region includes a reflective conductive film, the optical path
of the light used for reflective display is shorter compared
with when a reflective conductive film in a lower layer is used
for the reflective display, and a reduction in reflectivity,
caused by an absorption or reflection at a film interface due to
a lower layer material, such as a transparent resin, can be
suppressed, and the reflectivity can be enhanced.

[0052] Examples of the transparent conductive material
would include indium tin oxide (ITO), indium zinc oxide
(1Z0O) and zinc oxide. An example of the reflective conductive
film 1s aluminum (Al).

[0053] A stacked body of a transparent conductive film and
a reflective conductive film works well as the pixel electrode
in the aforementioned reflective region. Furthermore, a pre-
ferred embodiment having a film made of a material, the
difference in the work function of which is less than 0.3 eV
compared with the transparent conductive film in the afore-
mentioned transmissive region at the topmost layer facing the
aforementioned liquid crystal layer, works well as the pixel
electrode in the aforementioned reflective region. With this
preferred embodiment, a flickering phenomenon, arising
from a difference in the optimal opposing voltages for the
transmissive region and for the reflective region, may be
suppressed. If the transparent conductive film in the transmis-
sive region is ITO, molybdenum nitride (MoN) and [Z0, for
example, work well as the film formed at the topmost layer
facing the liquid crystal layer in the reflective region.
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[0054] A preferred embodiment of the aforementioned sec-
ond substrate includes a common electrode on which a slit or
an opening is formed in the reflective region. Such an embodi-
ment is well suited for adjusting the ratio of the area occupied
by the region in which the electrode is not formed in the
reflective region. The width of the slit or the opening formed
in the common electrode should preferably be 3 pum or less so
that the liquid crystal molecule orientation is stable. Further-
more, the shape of the slit or the opening is not limited to any
particular shape and, for example, may be linear, circular, or
cross-shaped. If a cross-shaped slit or opening were to be
formed, for example, the slit or the opening formed in the
common electrode may extend in the directions of 45°, 135°,
225°, and 315°, similar to the directions in which the slit
formed in the pixel electrode on the first substrate extends.
[0055] The sum of the ratio of the area occupied by the slit
in the aforementioned pixel electrode and the ratio of the area
occupied by the slit or the opening in the aforementioned
common electrode should preferably be 30% or greater rela-
tive to the entire reflective region. Here, in a region in which
the slit in the pixel electrode faces opposite the opening or the
slit in the common electrode, the sum includes only one of
either the ratio of the area occupied by the slit in the pixel
electrode or the ratio of the area occupied by the slit or
opening in the common electrode. Furthermore, an embodi-
ment in which the ratio of the area occupied by the opening or
slit in the common electrode is 30% or greater with respect to
the entire reflective region also works well. This embodiment
1s suited, when it is difficult to increase the ratio of the area
occupied by the slit in the pixel electrode.

[0056] A preferred embodiment of the liquid crystal dis-
play device of the present invention includes an embodiment
in which the width of the slit in the aforementioned transmis-
sive region is different from the width of the slit in the afore-
mentioned reflective region. At the same time, the width of the
aforementioned branch portion of the pixel electrode in the
aforementioned transmissive region should preferably be dif-
ferent from the width of the aforementioned branch portion of
the pixel electrode in the aforementioned reflective region.
With this embodiment, a variation in display quality between
the transmissive region and the reflective region, due to a
factor other than the area occupied by the slit, is prevented,
because the pixel electrodes in the transmissive region and the
reflective region are formed with an identical shape; while the
ratios of the areas occupied by the slits in the transmissive
region and the reflective region are adjusted with variations in
the spacing between the branch portions. As aresult, an easier
design for achieving the desired display quality is facilitated.

Effect of the Invention

[0057] According to the present invention, a pixel electrode
having a trunk portion and a plurality of branch portions
branching out of the aforementioned trunk portion is formed,;
a region in which the branch portion and slit are laid out
alternately is used as a display region; and a 2/4 phase differ-
ence layer, required for reflective display, is formed selec-
tively only in a portion corresponding to a reflective display
region within a cell. As a result, a transmissive display region
does not include an unnecessary A/4 phase difference layer,
and high contrast characteristics are realized for transmissive
display. Furthermore, the present invention provides a semi-
transmission type liquid crystal display device offering a high
aperture ratio and capable of supporting pixels in fine geom-
etry, because of a reduction in the area in which a means for
controlling the orientation is applied.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG.1isa plan view schematic showing a pixel of a
liquid crystal display device of a first preferred embodiment.
[0059] FIG. 2 is a cross-sectional schematic showing a
cross-section along the line A-B of FIG. 1.

[0060] FIG. 3 is a figure showing a result of simulation on
a relationship between the voltage applied on the pixel elec-
trode and reflectance (V-R characteristics) of the liquid crys-
tal display device of the first preferred embodiment.

[0061] FIG. 4 shows a relationship between the ratio of the
area occupied by the slit region in the reflective region and the
V-R characteristics of the entire reflective region.

[0062] FIG. 5 shows a relationship between the ratio of the
area occupied by the slit region in the reflective region and the
V-R characteristics of the aforementioned slit region.

[0063] FIG. 6isa plan view schematic showing a pixel of a
liquid crystal display device of a second preferred embodi-
ment.

[0064] FIG. 7 is a cross-sectional schematic showing a
cross-section along the line A-B of FIG. 6.

DETAILED DESCRIPTION OF EMBODIMENTS

[0065] The present invention will be described in further
detail with a list of preferred embodiments below, but the
present invention is not limited to these preferred embodi-
ments.

Preferred Embodiment 1

[0066] A preferred embodiment 1 achieves high contrast
characteristics for transmissive display, because a A/4 phase
difference layer, required for the reflective display, is selec-
tively formed only in a portion corresponding to the reflective
display region. Furthermore, a region in which a pixel elec-
trode is laid out, a region in which a slit in the pixel electrode
is laid out, and a region in which a contact hole is laid out are
used for reflective display, and the different voltage-reflec-
tance characteristics (V-R characteristics) of the three regions
are synthesized to realize the V-R characteristics for reflective
display that does not exhibit any grayscale inversion with
respect to the voltage-transmissivity characteristics (V-T
characteristics) for transmissive display.

[0067] FIG. 1is a plan view schematic showing a pixel of
the liquid crystal display device of a preferred embodiment 1.
FIG. 2 is a cross-sectional schematic showing a cross-section
along the line A-B of FIG. 1.

[0068] A WVGA panel (having a pixel pitch of 72.5
umx217.5 um and a pixel count of 800xRGBx480) having a
diagonal dimension of 8 inch has been manufactured for the
present preferred embodiment. The liquid crystal display
device of the present preferred embodiment includes a back
side substrate 10, an observer side substrate 60, which is
placed to oppose the back side substrate 10, and a liquid
crystal layer 100, formed to be sandwiched between the back
side substrate 10 and the observer side substrate 60. Further-
more, the liquid crystal display device includes a transmissive
region T and a reflective region R and is a semi-transmission
type liquid crystal display device capable of both transmis-
sive display and reflective display. A backlight (not shown in
the figure) placed on the back side of the back side substrate
10 is used as a source of light for transmissive display while
ambient light and front light, for example, incoming from the
viewer side into the liquid crystal layer 100, is used as a
source of light for reflective display.
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[0069] The back side substrate 10 includes a plurality of
gate signal lines 13 and a plurality of supplemental capaci-
tance (Cs) lines 14, which extend in parallel with each other;
a plurality of source signal lines 16, which extend orthogo-
nally to the gate signal lines 13 and the supplemental capaci-
tance lines 14 and in parallel with each other; and a thin film
transistor (TFT) 30 formed at each portion where the gate
signal lines 13 and source signal lines 16 intersect. The gate
signallines 13 are formed of a stacked body of TiN/AI/Ti. The
source signal lines 16 are formed of a stacked body of AVTi.
[0070] The TFT 30 includes a gate electrode connected to
the gate signal line 13; a source electrode, connected to the
source signal line 16; and a drain electrode 17, electrically
connected to the pixel electrode 19 through a contact hole 31.
The drain electrode 17 includes a region in which it faces the
supplemental capacitance line 14 through a gate insulating
film 15 therebetween, and a supplemental capacitance (Cs) is
formed in this region.

[0071] The contact hole 31 includes a transparent conduc-
tive film, which makes up the pixel electrode 19, inside an
opening formed on an interlayer insulating film 18. As shown
in FIG. 2, the back side substrate 10 has a structure that
includes a multilayer of a base coat film, the gate signal lines
13 (supplemental capacitance lines (the reflective film 14)),
the gate insulating film 15, the source signal line 16 (the drain
electrode 17), the interlayer insulating film 18, the pixel elec-
trode 19, and a vertical orientation film (not shown in the
figure) in the order listed on a glass substrate 11. The contact
hole 31 is used for electrically connecting the drain electrode
17 and the pixel electrode 19 and makes up a recess on a
surface on the side of the liquid crystal layer 100 on the back
side substrate 10. In the present preferred embodiment, one
contact hole 31 is formed at the center of a pixel. Two or more
of the contact hole 31 may also be formed in each pixel.
[0072] The pixel electrode 19 is formed in the shape of a
cross and includes a trunk portion 19a, which divides the
inside of a pixel into four regions, and a plurality of branch
portions 195, which extend on both sides of the trunk portion
19a. In order to enhance the view angle characteristics, the
branch portions 195 are formed in such a way that they extend
in different directions from each other in the four regions that
are created as a result of a division by the trunk portion 19a.
Specifically, when the cross-shaped trunk portion extends in
the directions of 0°, 90°, 180°, and 270°, there are the region
in which the branch portion is formed to extend in the 45°
direction, the region in which the branch portion is formed to
extend in the 135° direction, the region in which the branch
portion is formed to extend in the 225° direction, and the
region in which the branch portion is formed to extend in the
315° direction. The width of the trunk portion 194 is 3.0 pm.
The width of each branch portion 194 is 2.5 pum, and the
spacing between the branch portions 195 (width of the slit) is
2.5 um. The pixel electrode 19 is formed of ITO.

[0073] In the present preferred embodiment, the supple-
mental capacitance line 14 also functions as a reflective film
for reflecting the ambient light. Because the supplemental
capacitance line 14 is used as a reflective film, a need for
forming a dedicated reflective film for reflective display is
eliminated, and the resulting manufacturing process is not
longer than that for a transmission type liquid crystal display
device. A similar advantage can be achieved with a conduc-
tivebody formed in the same layer as, but inisolation from the
gate signal line 13, the source signal line 16, or the gate signal
line 13, the supplemental capacitance line 14, and the source
signal line 16.
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[0074] The plurality of supplemental capacitance line 14 is
formed in parallel with each other on the back side substrate
10. Out of a plurality of pixels laid out in a matrix, the pixels
on an identical row use a common supplemental capacitance
line 14. Furthermore, in each pixel, a branch portion 14a is
formed and extends in a direction parallel (the vertical direc-
tion in FIG. 1) to the direction in which the source signal line
16 extends. The supplemental capacitance line 14 overlaps
almost the entire trunk portion 19a of the pixel electrode 19
except for the vicinity of the gate signal line 13. Furthermore,
the supplemental capacitance line 14 also overlaps a portion
of the plurality of branch portions 195 of the pixel electrode
19 and the slits between the branch portions 195.

[0075] As thus described, a cross-shaped region, in which
the supplemental capacitance line 14 is laid out, is used as the
reflective region, and four domains, which are isolated by the
reflective region, are used as the transmissive region. Here,
the ratio of the areas occupied by the four domains of the
transmissive region are equal to each other inside the pixel,
and as a result, a uniform display is obtained across a wide
view angle. Furthermore, the contact hole 31 is located inside
the reflective region (hole region). Table 1 below shows the
ratios of the areas of each region in the display region.

TABLE 1
Display 8488 Transmissive 5874 Electrode Region 3926
Region Region Slit Region 1948
Reflective 2614 Electrode Region 1594
Region Slit Region 923
Hole Region 96
[0076] As Table 1 shows, the ratio of the area occupied by

the slit regionin the reflective region is (slit region)/(reflective
region)=923/2614, which is 35%.

[0077] Furthermore, polymer (not shown in the figure)
formed by polymerizing the multifunctional acrylate mono-
mer is on the surface of a vertical orientation film placed on
the side of the back side substrate 10. A method of forming
this polymer is, for example, (1) injecting the nematic liquid
crystal having a negative dielectric anisotropy with 0.3 wt. %
additive of multifunctional acrylate monomer having a meth-
acryloyl group inside an empty panel made of the back side
substrate 10 and the observer side substrate 60, which have
been coupled together with a sealing material; and (2) radi-
ating ultraviolet light having an intensity peak between the
wavelengths of 300 and 400 nm with a radiation intensity of
25 mW/cm?® and a radiation dose of 30 Jem? (both with
reference to the Mine (365 nm)) while applying a 10 V alter-
nating voltage on the liquid crystal layer 100. Furthermore,
the residual monomer in the liquid crystal layer 100 may be
removed by exposing the liquid crystal layer 100 to the fluo-
rescent light for 48 hours without applying a voltage.

[0078] The polymer formed using the method described
above has a surface structure that defines the direction of
orientation of the liquid crystal molecules under a voltage
bias and/or the pre-tilt angle of the liquid crystal molecules in
the liquid crystal layer 100.

[0079] On the other hand, a 2/4 phase difference layer 50 is
formed only in the reflective region R on a glass substrate 61
on the observer side substrate 60. Here, the A/4 phase differ-
ence layer 50, formed on the observer side substrate 60, and
the supplemental capacitance line 14, formed on the back side
substrate 10, are at an identical position, when viewed from
the observer side.
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[0080] The observer side substrate 60 includes a structure
of a multilayer of a color filter layer 62 having a color layer
and a black matrix 40; an insulating layer 64 for planarizing a
step between a region in which the A/4 phase difference layer
50 is laid out and the other region; an opposing electrode 63;
and a vertical alignment film (not shown in the figure) in the
order mentioned in such a way as to cover the glass substrate
61 on which the A/4 phase difference layer is formed.

[0081] The color layer is laid out in such a way that a red
color (R) layer, a green color (G) layer, and a blue color (B)
layer, respectively, correspond respectively to the pixel elec-
trodes 19 on the back side substrate 10. An opposing electrode
63 is not formed for each pixel, but is formed as a single
electrode (common electrode) corresponding to a plurality of
pixels. The opposing electrode 63 is formed of ITO.

[0082] Polarizing elements 110 and 120 are affixed on the
back side of the glass substrate 11 of the back side substrate
10 and on the observer side of the glass substrate 61 of the
observer side substrate 60, respectively. The absorption axis
of the polarizing elements 110 and 120 and the delay axis of
the A/4 phase difference layer 50 are aligned in such a way as
to form 45° angles. Furthermore, the absorption axes of the
polarizing elements 110 and 120 are aligned in such a way as
to form a 90° angle.

[0083] A display mode of the liquid crystal display device
of the present preferred embodiment is a vertical alignment
(VA) mode, and the liquid crystal layer 100 is made of nem-
atic liquid crystal having a negative dielectric anisotropy. The
liquid crystalmolecules in the liquid crystal layer 100 have an
orientation in a vertical direction with respect to the surface of
the orientation film on the back side substrate 10 and the
observer side substrate 60 when a voltage is not applied (off
state), and are aligned in ahorizontal direction when a voltage
is applied (on state). The thickness of the liquid crystal layer
100, or the cell gap d, is 3.2 pm. The refraction anisotropy An
of the liquid crystal material is 0.098.

[0084] In the present preferred embodiment, the cell gap d
in the transmissive region T is constant. On the other hand, the
reflective region R has an electrode region (region in which a
pixel electrode is formed) and a slit region (region in which
the slitis formed), both having a cell gap d1, which s the same
as the cell gap d in the transmissive region T, and has a hole
region having a cell gap d2, which is larger than the cell gap
in the transmissive region T. (d1<d2).

[0085] Here, the thickness of the pixel electrode 19 is 1400
A, which is extremely small compared with the cell gaps d
and dl (3.2 pm) and the depth d2 of a recess in the hole region
(3.0 um). Therefore, the difference in the cell gaps between
the electrode region and the slit region is negligible in the
voltage-brightness characteristics.

[0086] A relationship between the voltage applied on the
pixel electrode and reflectance (V-R characteristics) was
obtained by simulation for the liquid crystal display device of
the preferred embodiment 1. FIG. 3 shows the results. Here,
the reflectance shown in FIG. 3 is a brightness ratio with
respect to a maximum brightness in each region being set at
100%.

[0087] The reflective display light from the reflective
region R is a combination of the reflective display light from
the electrode region (A), the reflective display light from the
slit region (B), and the reflective display light from the hole
region (C). Therefore, the V-R characteristics of the reflective
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region R is a synthesis of the V-R characteristics in these three
regions (A-C) in proportion to the size of the area of each
region.

[0088] As shown in FIG. 3, in the liquid crystal display
device of the present preferred embodiment, the reflectance in
the electrode region (A) increases, as the applied voltage
increases, reaches a maximum level at 4.8 V, and goes down
with further increases in the applied voltage. The effective
retardation in the liquid crystal layer in the slit region (B) is
smaller because the voltage applied on the liquid crystal layer
is smaller compared with the electrode region (A). The reflec-
tance inthe slit region (B) increases gradually with increasing
applied voltage and reaches a maximum level at 6.0 V.
[0089] Because the cell gap in the hole region (C) is larger
than in the electrode region (A) and the slit region (B), the
effective retardation in the liquid crystal layer is larger. Fur-
thermore, the reflectance in the hole region (C) rises rapidly
with increasing applied voltage, reaches the first maximum
level at 3.0V, goes down with further increases in the applied
voltage, reaches the minimum level at 4.0 V, and reaches the
second maximum level at 6.0 V.

[0090] The V-R characteristics of the entire reflective
region (A+B+C), which is a synthesis of the V-R character-
istics of the three regions (A through C), increases with
increasing applied voltage, reaches a maximum level at 5.5V,
remains close to the maximum level through 6.0V, and more
or less matches the V-T characteristics of the transmissive
region.

[0091] With the liquid crystal display device of the present
preferred embodiment, characteristics representing a rela-
tionship between the voltage applied on the pixel electrode
and the brightness, which is not susceptible to a grayscale
inversion, is achieved because the ratio of the area occupied
by the slit inside the reflective region R is adjusted to be 30%
or greater in order to take advantage of a drop in the electrical
field in the slit region (B) for reflective display and because
the contact hole 31 1s placed inside the reflective region.
[0092] In the present preferred embodiment, the cell gap d
in the transmissive region T is identical to the cell gap d1 ina
majority portion of the reflective region R. As a result, the
response speed of the liquid crystal molecules in the trans-
missive region T is the same as the liquid crystal molecules in
the reflective region R, and the overshoot drive conditions for
the transmissive region T is the same as the overshoot drive
conditions for the reflective region R. Therefore, it is possible
to easily achieve an enhancement in response speeds of the
liquid crystal molecules under the overshoot drive. Further-
more, a need for a step for forming the multigap structure is
eliminated.

[0093] Because the identical material may be used for the
pixel electrode 19 in the transmissve region T and the reflec-
tive region R in the present preferred embodiment, the flick-
ering phenomenon, arising from a difference in the optimal
opposing voltages in the transmissive region T and in the
reflective region R, can be reduced effectively.

[0094] Furthermore, because the region in which the
branch portions and slits are placed alternately is used as the
display region in the present preferred embodiment, the size
of the area for implementing a means for controlling the
orientation is reduced. In the liquid crystal display device of
the present preferred embodiment, the aperture ratio in the
transmissive region T is 37.3%, the aperture ratio in the
reflective region R is 16.6%, and an overall aperture ratio of
53.9% was obtained.
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[0095] Further, the changes in the V-R characteristics have
been obtained by simulation when the ratio of the area occu-
pied by the slit region (B) is changed by 10% increments
within a range of 20-60%. The results are shown in F1G. 4 and
FIG. 5. FIG. 4 shows the V-R characteristics of the entire
reflective region R. FIG. 5 shows the V-R characteristics of
the slit region (B) in the reflective region R. Here, the reflec-
tance shown in FIG. 4 and FIG. 5 is the ratios of brightness
with respect to the maximum brightness under the respective
conditions being set at 100%. As shown in FIG. 4 and FIG.,
the voltage corresponding to the maximum brightness shifts
toward a higher voltage as the ratio of the area occupied by the
slit region (B) increases.

Preferred Embodiment 2

[0096] FIG. 6 shows a plan view schematic of a pixel of a
liquid crystal display device of a preferred embodiment 2.
FIG. 7 shows a cross-sectional schematic of a cross-section
along theline A-BinFIG. 6. The liquid crystal display device
ofthe present preferred embodiment has a similar structure as
the liquid crystal display device of the preferred embodiment
1 except that a light blocking element 51 is further placed at
an interface portion of the A/4 phase difference layer 50
between the transmissive region T and the reflective region R.
The light blocking element 51 is made of an acrylic resin with
scattered carbon micro-particles, and the thickness is 1.2 um.
[0097] According to the present preferred embodiment, the
light passing through the A/4 phase difference layer 50 is shut
off in the transmissive region T, and the light not passing
through the 2/4 phase difference layer 50 is shut off in the
reflective region R, because the light blocking element 51 is
further placed at the interface portion of the A/4 phase differ-
ence layer 50, which is placed inside the cell. As a result, good
display characteristics with no degradation in transmissive
and reflective display is obtained, while margins for manu-
facturability are ensured.

[0098] The present application is based on the Japanese
International Patent Application 2008-257682, filed on Oct.
2, 2008, and claims preferential rights based on the Paris
Convention and laws in the countries to which it transfers.
The contents of the present application are built in their
entirety in the present application as a reference.

DESCRIPTION OF REFERENCE NUMERALS

[0099] 10 back side substrate

[0100] 11 glass substrate

[0101] 13 gate signal line

[0102] 14 supplemental capacitance line
[0103] 14a branch portion

[0104] 15 gate insulation film
[0105] 16 source signal line

[0106] 17 drain electrode

[0107] 18 interlayer insulating film
[0108] 19 pixel electrode (ITO film)
[0109] 194 trunk portion

[0110] 195 branch portion

[0111] 20 Al film

[0112] 21 MoN film

[0113] 30 thin film transistor

[0114] 31 contact hole

[0115] 40 black matrix

[0116] 50 A/4 phase difference layer
[0117] 51 light blocking element
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[0118] 60 observer side substrate
[0119] 61 glass substrate

[0120] 62 color filter layer

[0121] 63 opposing electrode
[0122] 634, 635 opening

[0123] 100 liquid crystal layer
[0124] 110, 120 polarizing elements
[0125] R reflective region

[0126] T transmissive region

1. A liquid crystal display device comprising:

a first substrate, a liquid crystal layer, and a second sub-

strate in that order,

wherein said first substrate includes a pixel electrode hav-

ing a trunk portion and a plurality of branch portions
branching out of said trunk portion,

wherein said liquid crystal display device includes a dis-

play region including said branch portions and slits laid
out alternately,

wherein said display region includes a transmissive region

and a reflective region,

wherein said first substrate includes a reflective film

beneath said pixel electrode in said reflective region, and
wherein said second substrate includes a A/4 phase differ-
ence layer beneath said liquid crystal layer.

2. The liquid crystal display device according to claim 1,
wherein said second substrate includes a light blocking ele-
ment at a boundary portion between said reflective region and
said transmissive region and at a boundary portion of said A/4
phase difference layer.

3. The liquid crystal display device according to claim 1,
wherein said second substrate is on the side of said liquid
crystal layer with respect to said A/4 phase difference layer,
and said second substrate further includes an insulating film
for planarizing a step between a region where said A/4 phase
difference layer is laid out and other regions.

4. The liquid crystal display device according to claim 1,
wherein thickness of the liquid crystal layer in said reflective
region is 60% or more of the thickness of the liquid crystal
layer in said transmissive region.

5. The liquid crystal display device according to claim 4,
wherein the thickness of the liquid crystal layer in said reflec-
tive region is effectively equivalent to the thickness of said
liquid crystal layer in said transmissive region.

6. The liquid crystal display device according to claim 1,
wherein the ratio of a surface area occupied by said slit in said
pixel electrode is 30% or greater with respect to the overall
said reflective region.

7. The liquid crystal display device according to claim 1,
wherein said first substrate has on the substrate surface a
polymer formed by polymerizing a polymer component
added to said liquid crystal layer and applying a voltage on
said liquid crystal layer, and said polymer has a surface struc-
ture defining a pre-tilt angle or orientation direction under a
voltage bias of liquid crystal molecules.

8. The liquid crystal display device according to claim 1,
wherein said liquid crystal layer contains liquid crystal mol-
ecules having an orientation in an orthogonal direction with
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respect to the substrate surface when no voltage bias is
applied, and having an orientation in a horizontal direction
with respect to the substrate surface when a voltage bias is
applied.

9. The liquid crystal display device according to claim 1,
wherein said reflective film is a supplemental capacitance bus
line, a gate bus line, or a source bus line.

10. The liquid crystal display device according to claim 1,
wherein said first substrate further includes a conductive por-
tion and an insulating film covering said conductive portion
underneath the pixel electrode, wherein said insulating film
has an opening formed in the reflective region, and the con-
ductive portion and the pixel electrode are electrically con-
nected inside said opening, and wherein the thickness of said
liquid crystal layer is larger in the region where the opening is
formed than in the transmissive region.

11. The liquid crystal display device according to claim 10,
wherein the thickness of the liquid crystal layer in the region
where said opening is formed is 110% to 300% of the thick-
ness of the liquid crystal layer in said transmissive region.

12. The liquid crystal display device according to claim 1,
wherein said pixel electrode in said transmissive region is
formed of a transparent conductive material, and said pixel
electrode in said reflective region includes a reflective con-
ductive film.

13.The liquid crystal display device according to claim 12,
wherein said pixel electrode in said reflective region is a body
of stacked layers of atransparent conductive film and a reflec-
tive conductive film.

14.The liquid crystal display device according to claim 12,
wherein said pixel electrode in said reflective region includes
a film formed with a material having a work function of less
than 0.3 eV in difference compared with the transparent con-
ductive film in said transparent region at the topmost layer
facing said liquid crystal layer.

15. The liquid crystal display device according to claim 1,
wherein said second substrate includes a common electrode
on which a slit or an opening is formed in said reflective
region.

16. The liquid crystal display device according to claim 15,
wherein the sum of a ratio of an area occupied by said slit on
said pixel electrode and a ratio of an area occupied by the slit
and the opening on said common electrode is 30% or greater
of the entirety of said reflective region.

17. The liquid crystal display device according to claim 15,
wherein a ratio of an area occupied by the slit and the operning
on said common electrode is 30% or greater of the entirety of
said reflective region.

18. The liquid crystal display device according to claim 1,
wherein the width of the slit in said transparent region is
different from the width of the slit in said reflective region.

19. The liquid crystal display device according to claim 18,
wherein the width of said branch portion of the pixel electrode
in said transmissive region is different from the width of said
branch portion of the pixel electrode in said reflective region.

* 0ok ok kK
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