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(57) ABSTRACT

A liquid crystal display includes a first substrate and a second
substrate opposite to each other with a liquid crystal layer
interposed therebetween, first and second electrodes pro-
vided on a side of the first substrate facing the liquid crystal
layer to drive the liquid crystal layer, and a reflecting layer
provided on a part of the side of the first substrate facing the
liquid crystal layer. Each pixel region includes a reflective

display region where light incoming from the second sub-
strate is reflected by the reflecting layer toward the second
substrate to perform display and a transmissive display region
where light incoming from the first substrate is transmitted
toward the second substrate to perform display. The liquid
crystal layer has horizontal alignment in an initial alignment
state. A first polarizing plate is provided on a side of the first
substrate opposite the liquid crystal layer, the first polarizing
plate having a transmission axis parallel or perpendicular to
an alighment direction of the liquid crystal layer in the initial
alignment state. A second polarizing plate is provided on a
side of the second substrate opposite the liquid crystal layer,
the second polarizing plate having a transmission axis per-
pendicular to the transmission axis of the first polarizing
plate. A resin layer is provided on a side of the second sub-
strate facing the liquid crystal layer, the resin layer having a
first resin layer provided in the transmissive display region
and a second resin layer provided in the reflective display
region. The first resin layer is a A/2 phase layer giving a phase
difference of approximately 2 wavelength (wavelength: A)
with respect to visible light, and a slow axis of the first resin
layer and the transmission axis of the first polarizing plate are
disposed so as to be parallel or perpendicular to each other.
The second resin layer is a A/2 phase layer giving a phase
difference of approximately %2 wavelength with respect to
visible light, and a slow axis of the second resin layer is set in
a direction intersecting the alignment direction of the liquid
crystal layer. A step portion is provided between the first
substrate and the resin layer in order to make the thickness of
the liquid crystal layer in the reflective display region smaller
than the thickness of the liquid crystal layer in the transmis-
sive display region. A slope portion having a continuously
changing thickness is provided in an end portion of the step
portion. The slope portion is disposed in the transmissive
display region.
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LIQUID CRYSTAL DISPLAY AND

ELECTRONIC APPARATUS
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a liquid crystal dis-

play and an electronic apparatus.

[0003] 2. Related Art

[0004] As a light modulation device of various electro-
optical devices, a liquid crystal display is used, and in recent
years, it is widely used for various purposes. Such a liquid
crystal display includes a transflective liquid crystal display
which includes a reflective display mode using external light
and a transmissive display mode using an internal light
source, such as a backlight, as a display mode. The transflec-
tive liquid crystal display selectively uses one display mode
of a reflective mode and a transmissive mode in accordance
with ambient brightness. In this case, power consumption can
be reduced, and clear display can be performed even in the
dark.

[0005] In the transflective liquid crystal display, a phase
difference is likely to be produced between a region for reflec-
tive display (reflective display region) and a region for trans-
missive display (transmissive display region) due to different
display methods. For this reason, in general, a phase layer for
phase adjustment is provided, and optical compensation is
performed.

[0006] However, the phase difference of the phase layer
depends on a viewing angle. For this reason, even if the phase
difference is optimized in a direction normal to the phase
layer, an optimum compensation condition is not attained as
increasing distance from the direction normal to the phase
layer. As a result, the viewing angle becomes narrow.

[0007] Accordingly, with respect to such a transflective
liquid crystal display, it has been studied that a transverse
electric field driving liquid crystal display having a wide
viewing angle is applied in order to increase the viewing angle
(for example, JP-A-2005-338256 and JP-A-2007-212498).
In the transverse electric field mode, an in-plane (transverse)
electric field is generated with respect to a substrate, and
liquid crystal molecules are rotated by the transverse electric
field within a plane parallel to the substrate, thereby control-
ling light to be transmitted. The transverse electric field mode
includes an IPS (In-Plane Switching) mode and an FFS
(Fringe-Field Switching) mode, which is an improvement of
the IPS mode.

[0008] According to the method described in JP-A-2005-
338256, a phase layer is formed so as to be patterned only in
the reflective display region, thereby providing an internal
phase layer. Thus, the transmissive display region has a wide
viewing angle. According to the method described in JP-A-
2007-212498, optical compensation is performed by a phase
layer with the direction of a slow axis thereof controlled, and
a liquid crystal layer thickness adjusting layer is provided in
order to make the thickness of the liquid crystal layer in the
reflective display region smaller than the thickness of the
liquid crystal layer in the transmissive display region. Both
display regions are different in the thickness of the liquid
crystal layer. In this way, light to be transmitted is arranged to
have an equal optical path length, and the phase difference is
eliminated. As aresult, high-quality image display is realized.
[0009] The phase layer or the liquid crystal layer thickness
adjusting layer described in the above-described documents
is formed by patterning an ultraviolet curable material. When
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the phase layer or the liquid crystal layer thickness adjusting
layer is patterned, the end portion of the phase layer or the
liquid crystal layer thickness adjusting layer slopes. The
above-described documents illustrate a liquid crystal display
in which the end portion of the phase layer or the liquid crystal
layer thickness adjusting layer slopes.

[0010] Ifa region where such a slope portion is formed is
present in the reflective display region, an optical character-
istic of the corresponding region is different from that of a
region, which is formed flat as designed, and accordingly an
optical condition for dark display is not attained. When this
happens, light leakage occurs from the region where the slope
portion is formed. Light leakage causes an unclear image with
contrast deteriorated. Meanwhile, a light-shielding black
matrix may be provided so as to overlap the slope portion. In
this case, however, the pixel aperture ratio decreases so much.
In the case of a high-definition pixel, luminance is deterio-
rated, and a satisfactory display characteristic is not attained.

SUMMARY

[0011] An advantage of some aspects of the invention is
that it provides a liquid crystal display capable of suppressing
light leakage during dark display and realizing high-contrast
display for reflective display and transmissive display.
Another advantage of some aspects of the invention is that it
provides an electronic apparatus including such a liquid crys-
tal display capable of realizing high-quality image display.

[0012] According to a first aspect of the invention, a liquid
crystal display includes a first substrate and a second sub-
strate opposite each other with a liquid crystal layer inter-
posed therebetween, first and second electrodes provided on
a side of the first substrate facing the liquid crystal layer to
drive the liquid crystal layer, and a reflecting layer provided
on a part of the side of the first substrate facing the liquid
crystal layer. Each pixel region includes a reflective display
region where light incoming from the second substrate is
reflected by the reflecting layer toward the second substrate to
perform display, and a transmissive display region where
light incoming from the first substrate is transmitted toward
the second substrate to perform display. The liquid crystal
layer has horizontal alignment in an initial alignment state. A
first polarizing plate is provided on a side of the first substrate
opposite the liquid crystal layer, the first polarizing plate
having a transmission axis parallel or perpendicular to an
alignment direction of the liquid crystal layer in the initial
alignment state. A second polarizing plate is provided on a
side of the second substrate opposite the liquid crystal layer,
the second polarizing plate having a transmission axis per-
pendicular to the transmission axis of the first polarizing
plate. A resin layer is provided on a side of the second sub-
strate facing the liquid crystal layer, the resin layer having a
first resin layer provided in the transmissive display region
and a second resin layer provided in the reflective display
region. The first resin layer is a A/2 phase layer giving a phase
difference of approximately 2 wavelength (wavelength: A)
with respect to visible light, and a slow axis of the first resin
layer and the transmission axis of the first polarizing plate are
disposed so as to be parallel or perpendicular to each other.
The second resin layer is a A/2 phase layer giving a phase
difference of approximately 2 wavelength with respect to
visible light, and a slow axis of the second resin layer is set in
a direction intersecting the alignment direction of the liquid
crystal layer. A step portion is provided between the first
substrate and the resin layer in order to make the thickness of
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the liquid crystal layer in the reflective display region smaller
than the thickness of the liquid crystal layer in the transmis-
sive display region. A slope portion having a continuously
changing thickness is provided in an end portion of the step
portion. The slope portion is disposed in the transmissive
display region.

[0013] Light incident on the transmissive display region
through the first polarizing plate side first transmits the first
polarizing plate to be converted into linearly polarized light
having a vibration plane substantially parallel to the transmis-
sion axis of the first polarizing plate. In this aspect, the first
resin layer that is disposed so as to overlap the transmissive
display region is a phase layer, and the slow axis of the first
resin layer and the alignment direction of the liquid crystal
layer are parallel or perpendicular to each other. For this
reason, the optical axis of each constituent member is dis-
posed so as to be substantially parallel or perpendicular to the
vibration plane of linearly polarized light incident on the
transmissive display region. The optical axis arranged in such
a manner is optically inactive with respect to linearly polar-
ized light transmitting the first polarizing plate. Therefore,
incoming linearly polarized light is not optically influenced.
As a result, linearly polarized light is satisfactorily shielded
by the second polarizing plate having the transmission axis
perpendicular to the transmission axis of the first polarizing
plate.

[0014] With the above-described configuration, the slope
portion in which the thickness of the liquid crystal layer
continuously changes is disposed in the transmissive display
region. The slope portion may cause a difference in optical
path of light transmitting the liquid crystal layer, and conse-
quently a phase difference. However, similarly to the above-
described behaviors of light, light incident on the slope por-
tion is converted into linearly polarized light, which is
optically inactive with respect to the liquid crystal layer, and
thus light is not optically influenced until it is incident on the
slope portion. For this reason, light transmitting the liquid
crystal layer having a different thickness overlapping the
slope portion has no phase difference and is satisfactorily
shielded by the second polarizing plate. Therefore, it is pos-
sible to provide a liquid crystal display that can perform
high-contrast display without light leakage in the transmis-
sive display region, in which the slope portion is disposed,
and can perform high-contrast display for reflective display
and transmissive display.

[0015] According to a second aspect of the invention, a
liquid crystal display includes a first substrate and a second
substrate opposite to each other with a liquid crystal layer
interposed therebetween, first and second electrodes pro-
vided on a side of the first substrate facing the liquid crystal
layer to drive the liquid crystal layer, and a reflecting layer
provided on a part of the side of the first substrate facing the
liquid crystal layer. Each pixel region includes a reflective
display region where light incoming from the second sub-
strate is reflected by the reflecting layer toward the second
substrate to perform display and a transmissive display region
where light incoming from the first substrate is transmitted
toward the second substrate to perform display. The liquid
crystal layer has horizontal alignment in an initial alignment
state. A first polarizing plate is provided on a side of the first
substrate opposite the liquid crystal layer, the first polarizing
plate having a transmission axis parallel or perpendicular to
an alignment direction of the liquid crystal layer in the initial
alignment state. A second polarizing plate is provided on a
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side of the second substrate opposite the liquid crystal layer,
the second polarizing plate having a transmission axis pet-
pendicular to the transmission axis of the first polarizing
plate. A resin layer is provided on a side of the second sub-
strate facing the liquid crystal layer, the resin layer having a
first resin layer provided in the transmissive display region
and a second resin layer provided in the reflective display
region. The first resin layer is an isotropic layer having no
optical anisotropy with respect to visible light. The second
resin layer is a A/2 phase layer giving a phase difference of
approximately 2 wavelength with respect to visible light, and
a slow axis of the second resin layer is set in a direction
intersecting the alignment direction of the liquid crystal layer.
A step portion is provided between the first substrate and the
resin layer in order to make the thickness of the liquid crystal
layer in the reflective display region smaller than the thick-
ness of the liquid crystal layer in the transmissive display
region. A slope portion having a continuously changing thick-
ness is provided in an end portion of the step portion. The
slope portion is disposed in the transmissive display region.

[0016] Light incident on the transmissive display region
through the first polarizing plate first transmits the first polar-
izing plate to be converted into linearly polarized light having
a vibration plane substantially parallel to the transmission
axis of the first polarizing plate. In this aspect, the alignment
direction of the liquid crystal layer is perpendicular or parallel
with respect to the transmission axis of the first polarizing
plate. The first resin layer that is disposed so as to overlap the
transmissive display region is an isotropic layer having no
optical anisotropy. The optical axis and the isotropic layer
arranged in such a manner are optically inactive with respect
to linearly polarized light transmitting the first polarizing
plate. Therefore, incoming linearly polarized light is not opti-
cally influenced. As a result, linearly polarized light is satis-
factorily shielded by the second polarizing plate having the
transmission axis perpendicular to the transmission axis of
the first polarizing plate.

[0017] With the above-described configuration, similarly
to the liquid crystal display according to the first aspect of the
invention, the slope portion in which the thickness of the
liquid crystal layer continuously changes is disposed in the
transmissive display region. However, similarly to the above-
described behaviors of light, light incident on the slope por-
tion is converted into linearly polarized light, which is opti-
cally inactive with respect to the liquid crystal layer, and thus
light is not optically influenced until it is incident on the slope
portion. For this reason, light transmitting the liquid crystal
layer having a different thickness overlapping the slope por-
tion has no phase difference and is satisfactorily shielded by
the second polarizing plate. Therefore, it is possible to pro-
vide a liquid crystal display that can realize high-contrast
display without light leakage in the transmissive display
region in which the slope portion is disposed and can realize
high-contrast display for reflective display and transmissive
display.

[0018] The resin layer may be formed of a polymerizable
liquid crystal material to have a uniform thickness.

[0019] With this configuration, there is no difference in
optical path due to a difference in thickness between the first
resin layer and the second resin layer or a composite change
in thickness of the liquid crystal layer caused by the differ-
ence in thickness and the shape of the slope portion. There-
fore, by managing the arrangement ofthe slope portion, high-
contrast display can be realized without light leakage. In



US 2009/0262288 A1l

addition, design and manufacturing are facilitated, as com-
pared with the first resin layer and the second resin layer are
separately formed.

[0020] The liquid crystal layer of the reflective display
region may have such a thickness asto give a phase difference
of approximately A/4 wavelength with respect to light trans-
mitting the liquid crystal layer in the initial alignment state,
and an acute angle between the slow axis of the second resin
layer and the alignment direction of the liquid crystal layer
may be 67.5°.

[0021] With this configuration, light incident on the reflec-
tive display region transmit the A/2 phase layer formed by the
second resin layer and the liquid crystal layer having such a
thickness as to give a phase difference ofA/4 wavelength to be
satisfactorily converted into broad circularly polarized light.
As a result, higher contrast of reflective display can be real-
ized.

[0022] According to a third aspect of the invention, an
electronic apparatus includes the above-described liquid
crystal display.

[0023] With this configuration, it is possible to provide an
electronic apparatus including a display section capable of
performing vivid display with a high contrast ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0025] FIG.1is acircuit diagram of aliquid crystal display
according to a first embodiment of the invention.

[0026] FIG.2isaplanview illustrating a pixel region of the
liquid crystal display according to the first embodiment.
[0027] FIG. 3 is a sectional view illustrating the configura-
tion of the liquid crystal display according to the first embodi-
ment.

[0028] FIGS. 4A to 4D are explanatory views illustrating
optical directions of constituent members in the liquid crystal
display of this embodiment.

[0029] FIGS. 5A and 5B are explanatory views illustrating
the advantages of the invention.

[0030] FIG. 6 is a sectional view illustrating the configura-
tion of a liquid crystal display according to a second embodi-
ment of the invention.

[0031] FIG. 7 is a perspective view illustrating an example
of an electronic apparatus according to the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0032] Hereinafter, a liquid crystal display according to a
first embodiment of the invention will be described with
reference to FIGS. 1 to 5B. In the drawings, the scale of
thickness or dimension of each constituent element has been
adjusted so as to be recognizable.

[0033] FIG.11is acircuit diagram of aliquid crystal display
100 of this embodiment. In each of a plurality of pixel regions
that are arranged in a matrix to form an image display region
of the liquid crystal display 100, a pixel electrode 9 and a TFT
30 for switching the pixel electrode 9 are formed. A liquid
crystal layer 50 is interposed between the pixel electrode 9
and a common electrode 19. The common electrode 19 is
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electrically connected to common lines 34 extending from a
scanning line driving circuit 102 to hold a plurality of sub-
pixels at a common potential.

[0034] Each of data lines 6a extending from a data line
driving circuit 101 is electrically connected to a source of the
corresponding TFT 30. The data line driving circuit 101 sup-
plies image signals S1, S2, . . ., and Sn to the subpixels
through the data lines 6a. The image signals S1 to Sn may be
sequentially supplied in that order or may be supplied for each
group having a plurality of adjacent data lines 6a.

[0035] Each of scanning lines 3a extending from the scan-
ning line driving circuit 102 is electrically connected to a gate
of the corresponding TFT 30. Scanning signals G1, G2, . . .,
and Gm that are supplied from the scanning line driving
circuit 102 to the scanning lines 3¢ in a pulsed manner with
predetermined timing are linear-sequentially applied to the
gates of the TFTs 30 in that order. Each of the pixel electrodes
9iselectrically connected to a drain of the corresponding TFT
30. If the scanning signals G1, G2, .. ., and Gm are input and
the TFTs 30 serving as switching elements are turned on for
a predetermined period, the image signals S1, S2, .. ., and Sn
that are supplied from the data lines 64 are written in the pixel
electrodes 9 with predetermined timing. The image signals
S1, 82, ..., and Sn at predetermined levels written in liquid
crystal through the pixel electrodes 9 are held for a predeter-
mined period between the pixel electrodes 9 and the common
electrode 19 opposite each other with liquid crystal inter-
posed therebetween.

[0036] Next, the planar wiring structure around a pixel
region in the liquid crystal display 100 of this embodiment
will be described with reference to aplanview of F1G. 2. Each
of the pixel regions of the liquid crystal display 100 includes
three subpixel regions individually having color filters (not
shown) of respective colors of R, G, and B. In each of the
subpixel regions, the latter-shaped pixel electrode 9 having a
plurality of inner slits 29 and 39 is formed. The scanning line
3a, the common line 35, and a plurality of data lines 6a are
disposed so as to surround the periphery of each of the pixel
electrodes 9.

[0037] TheTFTs 30 serving as switching elements are indi-
vidually formed near intersections of the scanning lines 3a
and the data lines 6a. Each of the TFTs 30 is electrically
connected to the corresponding data line 6e and the corre-
sponding pixel electrode 9. The substantially rectangular
common electrode 19 is formed so as to overlap the pixel
electrodes 9 in plan view.

[0038] The pixel electrodes 9 are conductive films formed
of a transparent conductive material, such as ITO or the like.
From among the slits 29 and 39 of each of the pixel electrodes
9, aplurality of slits 29 (inthe drawing, 10 slits) having a large
width are arranged at predetermined intervals in a region near
the TFT 30. A plurality of slits 39 (in the drawing, 13 slits)
having a small width are arranged at predetermined intervals
in a region near the common line 35, not in the region where
the slits 29 are formed. The slits 29 and 39 are formed so as to
extend in a direction intersecting the scanning lines 3¢ and the
data lines 6a, and the slits 29 and 39 are parallel to each other.

[0039] Each of the pixel electrodes 9 has a plurality of strip
electrode portions 9¢ (in the drawing, 9 strip electrode por-
tions) having a large width between a plurality of slits 29, and
a plurality of strip electrode portions 94 (in the drawing, 12
strip electrode portions) having a small width between a
plurality of slits 39.
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[0040] The common electrode 19 includes a transparent
common electrode 197 formed of a transparent conductive
material, such as ITO or the like, to have a substantially
rectangular shape in plan view, and a reflective common
electrode 197 formed of a light-reflective metal material, such
as aluminum or silver, to have a substantially rectangular
shape in plan view. The transparent common electrode 19¢
and the reflective common electrode 197 are electrically con-
nected to each other through edge portions thereof. In this
embodiment, the reflective common electrode 197 is formed
integrally with the common line 34 extending parallel to the
scanning line 3a. Therefore, the common electrode 19 includ-
ing the transparent common electrode 197 and the reflective
common electrode 197 is electrically connected to the com-
mon line 35.

[0041] A region where the reflective common electrode 197
is to be formed forms the reflective display region R of a
corresponding subpixel, and a region where the transparent
common electrode 19¢ is to be formed forms the transmissive
display region T of the corresponding subpixel. The slits 39
having a small width and the strip electrode portions 94 are
disposed in a region of the pixel electrode 9 overlapping the
reflective common electrode 197, and the slits 29 having a
large width and the strip electrode portions 9¢ are formed in a
region of the pixel electrode 9 overlapping the transparent
common electrode 197,

[0042] In this embodiment, the width of each of the strip
electrode portions 94 in the reflective display region R is 2
pm, and an interval between adjacent strip electrode portions
9d is 3 pm. Similarly, the width of each of the strip electrode
portions 9¢ in the transmissive display region T is 4 pm, and
an interval between adjacent strip electrode portions 9c is 6
pm.

[0043] The common line 35 and the reflective common
electrode 197 may be formed of different conductive films and
electrically connected to each other. In this case, the reflective
common electrode 197 may be formed in a wiring layer dif-
ferent from the common line 35, and the reflective common
electrode 197 and the common line 35 may be connected to
each other through a contact hole in an interlayer insulating
film.

[0044] The alignment direction (alignment regulation
direction) of an alignment film is indicated by an arrow 151,
and is parallel to an extension direction of the scanning lines
3a. The strip electrode portions 9¢ and 94 are disposed so as
to be inclined at approximately 5° with respect to the align-
ment regulation direction 151. For this reason, when voltage
is applied, an electric field is generated in a direction indi-
cated by reference numeral v perpendicular to the extension
direction of the strip electrode portions. Therefore, the align-
ment regulation direction 151 intersects the electric field gen-
eration direction v. In an initial state where no voltage is
applied, the angle 6 between liquid crystal molecules L.C and
the strip electrode portions 9¢ and 94 becomes approximately
5°in accordance with the alignment regulation direction 151.
[0045] Each of the TFTs 30 includes an island-shaped
semiconductor layer 35 formed of an amorphous silicon film
partially formed on the scanning line 3a, a source electrode 31
branching off from the data line 64 and extending onto the
semiconductor layer 35, and a rectangular drain electrode 32
extending from the semiconductor layer 35 to a region where
the pixel electrode 9 is to be formed. The scanning line 3a
functions as a gate electrode of the TFT 30 at a position
opposite the semiconductor layer 35. The drain electrode 32
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and the pixel electrode 9 are electrically connected to each
other through a pixel contact hole 47, which is formed at a
position where the drain electrode 32 and the pixel electrode
9 overlap each other in plan view.

[0046] A region where the pixel electrode 9 and the com-
mon electrode 19 overlap each other in plan view functions as
a capacitor of the corresponding subpixel region. As a result,
a high aperture ratio can be obtained without providing an
additional storage capacitor. In this way, the planar wiring
structure of the liquid crystal display 100 is formed.

[0047] FIG. 3 is a sectional view illustrating the liquid
crystal display 100 of this embodiment. FIG. 3 is a sectional
view taken along the line ITI-1II of FIG. 2. The liquid crystal
display 100 of this embodiment uses an FFS mode from
among the transverse electric field modes, in which an elec-
tric field (transverse electric field) in a substrate surface direc-
tion is applied to the liquid crystal layer, and the angle of
direction of a liquid crystal material is controlled, thereby
performing image display.

[0048] The liquid crystal display 100 includes an element
substrate (first substrate) 10 and a counter substrate (second
substrate) 20 arranged to be opposite each other, and a liquid
crystal layer 50 interposed between the substrates. An end
portion of the element substrate 10 and an end portion of the
counter substrate 20 are bonded to each other by a sealant (not
shown). Liquid crystal molecules forming the liquid crystal
layer 50 are filled between the substrates.

[0049] A backlight (illumination device) 90 including a
light guide plate 91 and a reflecting plate 92 is provided on an
apparatus’s outer surface side of the element substrate 10 (a
side opposite to the liquid crystal layer 50). The liquid crystal
display 100 uses a transflective display mode, and is provided
with a transmissive display region T where light from the
backlight 90 is modulated by the liquid crystal layer 50 to
perform display and a reflective display region R where exter-
nal light from the counter substrate 20 into the apparatus is
modulated by the liquid crystal layer 50 to perform display.

[0050] The element substrate 10 has the scanning line 3a,
the common electrode 19, and the common line 35 on a
substrate main body 10A formed of a transparent material. A
thin insulating film 11 is formed of a silicon oxide film or the
like so as to cover the scanning line 34, the common electrode
19, and the common line 35. The island-shaped semiconduc-
tor layer 35 is formed on the thin insulating film 11. The
source electrode 31 and the drain electrode 32 are also formed
on the thin insulating film 11 so as to partially overlap the
semiconductor layer 35, to thereby form the TFT 30.

[0051] An interlayer insulating film 12 is formed of a sili-
con oxide film or aresin film so as to cover the TFT 30, and the
pixel electrode 9 is formed on the interlayer insulating film
12. The pixel electrode 9 and the drain electrode 32 are
electrically connected to each other through the pixel contact
hole 47, which passes through the interlayer insulating film
12 to reach the drain electrode 32. The semiconductor layer
35 and various wiring lines may be formed by patterning
using photolithography and then etching, or may be appro-
priately formed by a known method, such as deposition or
sputtering.

[0052] An alignment film 18 is formed of polyimide or the
like so as to cover the pixel electrode 9. The alignment film 18
is subjected to an alignment treatment, such as a rubbing
treatment or the like, such that liquid crystal is aligned in a
predetermined direction.
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[0053] As described above, the alignment regulating direc-
tion by the alignment film 18 is parallel to the extension
direction of the scanning lines 3a in FIG. 2, and intersects the
extension direction of the slits 29 and 39 of the pixel electrode
9 at an angle of approximately 5°.

[0054] The counter substrate 20 has, on a side ofa substrate
main body 20A facing the liquid crystal layer 50, a color filter
22, a phase layer (resin layer) 26 formed on the color filter 22
to have a transmissive portion phase layer (first resin layer)
26¢ and a reflective portion phase layer(second resin layer)
267, aliquid crystal layer thickness adjusting layer 25 formed
to overlap the reflective portion phase layer 267, and an align-
ment film 28 formed to cover the liquid crystal layer thickness
adjusting layer 25 and the transmissive portion phase layer
26¢.

[0055] The color filter 22 includes color material layers
corresponding to the subpixel regions. With the color filter 22,
incident light from the backlight 90 is modulated into a red
light component, a green light component, and a blue light
component, and the light components of the respective colors
are mixed, thereby performing full color display.

[0056] The phase layer 26 gives a phase difference of
approximately %2 wavelength (A/2) with respect to light to be
transmitted. The phase layer 26 is a so-called inside phase
layer that is provided on the inner surface side of the substrate
main body 20A. The phase layer 26 may be formed, for
example, by coating a solution of liquid crystalline monomer
or oligomer (polymerizable liquid crystal material) or a solu-
tion of polymer liquid crystal on the alignment film, and
solidifying the solution while alignment is made in a prede-
termined direction. The phase difference that is given to light
to be transmitted by the phase layer 26 may be adjusted in
accordance with the type of liquid crystalline polymer as a
material forming the phase layer 26 or the thickness of the
phase layer 26. In this embodiment, the phase difference of
the phase layer 26 is 280 nm.

[0057] The transmissive portion phase layer 26¢ of the
phase layer 26 is selectively formed in a planar region corre-
sponding to the transmissive display region T of the subpixel.
The reflective phase layer 267 of the phase layer 26 is selec-
tively formed in a planar region corresponding to the reflec-
tive display region R of the subpixel. The slow axis of the
reflective portion phase layer 26r formed in the reflective
display region R and the slow axis of the transmissive portion
phase layer 267 formed in the transmissive display region T
are set in different directions in plan view. The slow axis of the
phase layer 26 will be described below in detail.

[0058] The phase layer 26 may be formed, for example, by
the following method. First, an alignment film (not shown)
for forming a phase layer is formed on the color filter 22, and
a mask rubbing treatment is performed on the alignment film.
The alignment film in the transmissive display region T and
the alignment film in the reflective display region R are sub-
jectto a rubbing treatment in different directions. Next, liquid
crystal having an optical functional group forming the phase
layer is coated on the alignment film as a polymerizable liquid
crystal material and aligned separately in the rubbing direc-
tions, and light is irradiated to harden the polymerizable
liquid crystal material. In this way, the reflective portion
phase layer 267 and the transmissive portion phase layer 26¢
may be separately formed in the single phase layer 26. With
respect to the alignment treatment of the alignment film for
forming the phase layer, an optical alignment treatment,
instead of the rubbing treatment, may be used.
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[0059] The liquid crystal layer thickness adjusting layer 25
1s formed on the phase layer 26 so as to overlap a planar region
corresponding to the reflective display region R. The liquid
crystal layer thickness adjusting layer 25 is formed of, for
example, a material having no optically active axis of direc-
tion, such as acrylic resin. Due to the thickness of the liquid
crystal layer thickness adjusting layer 25, the thickness of the
liquid crystal layer 50 in the reflective display region R
becomes smaller than the thickness of the liquid crystal layer
in the transmissive display region T. That is, a so-called multi-
gap structure is provided. Incidentally, in both the display
regions, the liquid crystal layer has an equal optical path.

[0060] The liquid crystal layer thickness adjusting layer 25
has a slope portion 255 that slopes from the liquid crystal
layer 50 toward the phase layer 26, and the slope portion 256
is entirely formed so as to overlap a planar region correspond-
ing to the transmissive display region T. The invention is
characterized by the arrangement of the slope portion 255.
The optical behavior in the region overlapping the slope por-
tion 255 in plan view will be described below in detail with
reference to the drawings.

[0061] Thealignment film 28 has the same configuration as
the alignment film 18 on the element substrate 10, and the
alignment regulation direction by the alignment film 28 is
anti-parallel to the alignment regulating direction of the
alignment film 18. Therefore, in the initial alignment state,
the liquid crystal layer 50 has horizontal alignment between
the element substrate 10 and the counter substrate 20.
[0062] A polarizing plate (first polarizing plate) 14 is pro-
vided on a surface of the element substrate 10 opposite the
liquid crystal layer 50. A polarizing plate (second polarizing
plate) 24 is provided on a surface of the counter substrate 20
opposite the liquid crystal layer 50.

[0063] The liquid crystal layer 50 has liquid crystal mol-
ecules having positive dielectric anisotropy. A difference An
between a normal optical refractive index n_ and an abnormal
optical refractive index n, is 0.1. The thickness of the liquid
crystal layer in the transmissive display region T is 3.4 pum,
and the thickness of the liquid crystal layer in the reflective
display region R is 1.4 um (the designed value ofthe thickness
of the liquid crystal layer thickness adjusting layer 25 is 2
um). The liquid crystal layer in the reflective display region R
has such a thickness as to give a phase difference of A/4
wavelength to light to be transmitted.

[0064] From the numerical values described above, the
phase difference of the liquid crystal layer 50 is 340 nm in the
transmissive display region T, and is 140 nm in the reflective
display region R. The liquid crystal display 100 of this
embodiment has the above-described configuration.

[0065] Next, the advantages ofthe arrangement of the slope
portion 25 will be described with reference to the drawings.
The optical direction of each constituent member of the liquid
crystal display 100 will be first described with reference to
FIGS. 4A to 4D, and then the optical behavior in the region
overlapping the slope portion 256 in plan view will be
described with reference to FIGS. 5A and 5B. The “optical
direction of each constituent member” includes the direction
ofthe transmission axes of the polarizing plates 14 and 24, the
alignment regulation directions of the alignment films 18 and
28 defining the alignment direction of the liquid crystal layer
50, or the direction of the slow axis of the phase layer 26.

[0066] FIGS. 4A to 4D are explanatory views illustrating
the optical direction of each constituent member in the liquid
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crystal display 100 of this embodiment. Each constituent
member will be described with reference to reference numetr-
als in FIG. 3.

[0067] FIG. 4A illustrates the alignment regulation direc-
tions 151 of the alignment films 18 and 28 (the alignment
direction in the initial alignment state). The alignment regu-
lation directions 151 of the alignment films 18 and 28 are
substantially parallel to each other. For this reason, the liquid
crystal molecules of the liquid crystal layer 50 interposed
between the alignment films 18 and 28 have homogeneous
alignment according to the alignment regulation directions
151. As shown in FIG. 2, the alignment regulation directions
151 intersect the electric field generation direction v when
voltage is applied. In the following description with reference
to FIGS. 4A to 4D, the optical direction of each member will
be described onan assumption that a direction parallel to each
alignment regulation direction 151 is an x-axis direction, and
a direction perpendicular to each alignment regulation direc-
tion 151 is a y-axis direction.

[0068] FIG. 4B illustrates a transmission axis 153 of the
polarizing plate 14 and a transmission axis 155 of the polar-
izing plate 24. The polarizing plates 14 and 24 are provided
under a crossed nicols condition such that the transmission
axes thereof are perpendicular to each other, and one of the
transmission axes is in the same direction as the alignment
regulation direction 151. In the drawings, the alignment regu-
lation direction 151 and the transmission axis 153 are in the
same direction.

[0069] FIG. 4C illustrates a slow axis 158 of the reflective
portion phase layer 26r and a slow axis 159 of the transmis-
sive portion phase layer 26¢. The slow axis 158 is set so as to
be inclined by an inclination $=67.5° in the counterclockwise
direction from the x-axis direction, and the slow axis 159 is
set in the same direction as the alignment regulation direction
(x-axis direction). The slow axis 159 may be set in the same
direction as the y-axis direction.

[0070] FIG. 4D simultaneously illustrates the relations of
FIGS. 4A to 4C. As shown in FIG. 4D, in the liquid crystal
display 100 of this embodiment, the alignment regulation
direction 151 (that is, the initial alignment direction of the
liquid crystal molecules of the liquid crystal layer 50), the
transmission axis 153, and the slow axis 159 are identical.
The transmission axis 155 is perpendicular to the alignment
regulation direction 151, the transmission axis 153, and the
slow axis 159. The slow axis 158 intersects the alignment
regulation direction 151, the transmission axis 153, and the
slow axis 159 at an angle of 67.5°.

[0071] FIGS. 5A and 5B are explanatory views illustrating
the advantages of the invention and are schematic sectional
views of a liquid crystal display having the optical directions
of constituent members, as shown in FIG. 4. First, problems
when the slope portion 2556 of the liquid crystal layer thick-
ness adjusting layer 25 is disposed in a region overlapping the
reflective display region R in plan view will be described with
reference to FIG. 5A. Next, advantages when the slope por-
tion 255 of the liquid crystal layer thickness adjusting layer 25
is disposed in a region overlapping the transmissive display
region T in plan view will be described with reference to FIG.
5B.InFIGS. 5A and 5B, reference numerals representing the
optical directions of the constituent members shown in FIG. 4
are put in brackets.

[0072] As shown in FIG. 5A, it is considered that light L is
incident on the region overlapping the slope portion 25 of
the reflective display region R. First, if incident light .1
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incoming from the normal direction transmits the polarizing
plate 24, incident light L1 is converted into linearly polarized
light L.2 having a vibration plane of an electric field parallel to
the transmission axis 155. Linearly polarized light 1.2 is inci-
dent on the reflective portion phase layer 26

[0073] Next, if linearly polarized light L2 transmits the
reflective portion phase layer 26, linearly polarized light L2
is inclined by 45° in the counterclockwise direction from the
x-axis direction due to the A/2 phase plate, as indicated by the
x-y coordinates of FIGS. 4A to 4D, and becomes linearly
polarized light 1.3. Linearly polarized light L3 is incident on
the liquid crystal layer thickness adjusting layer 25. The lig-
uid crystal layer thickness adjusting layer 25 has no optically
active axis of direction. Therefore, linearly polarized light L.3
transmits the liquid crystal layer thickness adjusting layer 25
without being influenced by polarization, and is incident on
the liquid crystal layer 50.

[0074] The liquid crystal molecules of the liquid crystal
layer 50 are aligned in the same direction of the alignment
regulation direction 151 in the initial alignment state. There-
fore, linearly polarized light L3 is incident at an angle of 45°
with respect to the liquid crystal molecules of the liquid
crystal layer 50. That is, linearly polarized light .3 is incident
at such an angle as to be optically influenced by the liquid
crystal molecules of the liquid crystal layer 50.

[0075] The liquid crystal layer 50 that overlaps the reflec-
tive display region R varies in thickness between a region that
overlaps a flat portion 25¢ having a substantially uniform
thickness as designed and a region that overlaps the slope
portion 25b not as designed. For this reason, in the liquid
crystal layer 50 of a region overlapping the slope portion 255,
light is optically influenced by the liquid crystal molecules
long by a difference in thickness of the liquid crystal layer 50
due to the slope. As a result, light is reflected by the reflective
common electrode in the element substrate 10 in a polariza-
tion state different from as designed, goes against the optical
path, and reaches the polarizing plate 24. Light L incident on
the region overlapping the slope portion 256 reaches the
polarizing plate 24 in a polarization state different from as
designed. For this reason, light cannot be completely shielded
by the polarizing plate 24, and part of light is transmitted.
Light to be partially transmitted is observed as light leakage,
and light leakage causes deterioration of a contrast ratio.

[0076] Meanwhile, as shown in FIG. 5B, it is considered
that the slope portion 255 is disposed in a region overlapping
the transmissive display region T, and light [ is incident on a
region of the transmissive display region T overlapping the
slope portion 255. First, if incident light L5 incident from the
normal direction transmits the polarizing plate 14, incident
light L5 is converted into linearly polarized light 1.6 having a
vibration plane of an electric field parallel to the transmission
axis 153. Linearly polarized light 16 is incident on the liquid
crystal layer 50.

[0077] The transmission axis 153 and the alignment regu-
lation direction 151, which is the alignment direction of the
liquid crystal molecules of the liquid crystal layer 50 are
parallel to each other. Therefore, linearly polarized light 16
reaches the slope portion 255 without being optically influ-
enced by the liquid crystal molecules of the liquid crystal
layer 50.

[0078] The material forming the slope portion 256 has no
optically active axis of direction. For this reason, linearly
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polarized light L6 is incident on the transmissive portion
phase layer 26¢ without being optically influenced even in the
slope portion 255.

[0079] The transmission axis 153 and the slow axis 159 are
parallel to each other. Therefore, linearly polarized light L6
transmits the transmissive portion phase layer 267 without
being optically influenced by the liquid crystal molecules of
the liquid crystal layer 50, and reaches the polarizing plate 24.
The transmission axis 155 of the polarizing plate 24 and the
transmission axis 153 of the polarizing plate 14 are perpen-
dicular to each other. For this reason, linearly polarized light
L6 having a vibration plane of an electric field perpendicular
to the transmission axis 155 is shielded by the polarizing plate
24. In such a case, with focusing on the reflective display
region R, no slope portion 255 is provided in the region
overlapping the reflective display region R. Therefore, the
liquid crystal layer does not vary in thickness, and the prob-
lems described with reference to FIG. 5A do not occur. As a
result, satisfactory dark display can be performed as
designed.

[0080] As described above, on the basis of the behavior of
light that, when an optically active axis of direction is per-
pendicular or parallel to linearly polarized light, light is not
optically influenced, if the slope portion 254 is disposed in the
transmissive display region T, and the optical directions of the
constituent members are controlled, it is possible to provide
the liquid crystal display 100 that can realize a high contrast
ratio while suppressing light leakage.

[0081] According to the liquid crystal display 100 having
the above-described configuration, the slope portion 25b in
which the liquid crystal layer 50 continuously varies in thick-
ness and which causes a phase difference due to a difference
in optical path is disposed in the transmissive display region
T. Light incident on the slope portion 255 transmits the liquid
crystal layer 50 that is aligned so as to be optically inactive
with respect to incident light, and thus light is not optically
influenced until it is incident on the slope portion 255. For this
reason, light transmitting the slope portion 255 has no phase
difference, and light transmits the transmissive portion phase
layer 26¢ and is satisfactorily shielded by the polarizing plate
24. Therefore, in the transmissive display region T where the
slope portion 254 is disposed, it is possible to provide the
liquid erystal display 100 that can perform high-contrast dis-
play without light leakage.

[0082] In this embodiment, the reflective portion phase
layer 267 and the transmissive portion phase layer 26¢ of the
phase layer 26 are formed by polymerizing a polymerizable
liquid crystal material in a liquid crystal phase state having
different alignment directions. For this reason, the transmis-
sive portion phase layer 267 and the reflective portion phase
layer 267 can be formed while the alignment directions
thereof can be easily controlled. The phase layer 26 can be a
flat layer having a uniform thickness. For this reason, there is
no difference in optical path due to the difference in thickness
ofthe phase layer 26 or a composite change in thickness of the
liquid crystal layer caused by the difference in thickness and
the shape of the slope portion 2556. Therefore, by managing
the arrangement of the slope portion 255, high-contrast dis-
play can be performed without light leakage. In addition,
design and manufacturing are facilitated, as compared with a
case in which the transmissive portion phase layer 26z and the
reflective portion phase layer 26+ are separately formed.
[0083] In this embodiment, the optical axis 158 of the
reflective portion phase layer 267 is set 50 as to be inclined at
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approximately 67.5° with respect to the alignment direction
151 of the liquid crystal layer 50. Linearly polarized light
transmitting the reflective portion phase layer 267 is set so as
to be inclined at approximately 45° with respect to the initial
alignment direction of the liquid crystal layer 50. In the
reflective display region R, the liquid crystal layer 50 is
formed to have such a thickness as to give a phase difference
of approximately A/4 wavelength with respect to incident
light when being not driven. If light transmits the reflective
portion phase layer 267 and the liquid crystal layer 50
designed in such amanner, linearly polarized light incident on
the reflective display region R can be satisfactorily converted
into broader circularly polarized light, and higher contrast of
reflective display can be realized.

[0084] Although inthisembodiment, the FFS mode is used,
according to the technical spirit of the invention, an IPS mode
which is another example of the transverse electric field mode
may be used.

[0085] The direction of the optical axis of each constituent
member in this embodiment is just an example. Alternatively,
the direction of another optical axis may be used insofar as it
is perpendicular to the transmission axis of the polarizing
plate, and is perpendicular or parallel to the directions of the
optical axes of other constituent members.

[0086] In this embodiment, an electrode near the liquid
crystal layer 50 with slits formed therein is connected to the
TFT 30 as the pixel electrode 9, and an electrode away from
the liquid crystal layer 50 is the common electrode. Alterna-
tively, the common electrode may be an electrode near the
liquid crystallayer 50, the pixel electrode may be an electrode
away from the liquid crystal layer 50, and slits may be formed
in the common electrode.

[0087] Although in this embodiment, the strip electrode
portions 9¢ and 94 and the slits 29 and 39 of the pixel elec-
trode 9 are different in width, the strip electrode portions 9¢
and 94 and the slits 29 and 39 may have a uniform width.
[0088] Although in this embodiment, the liquid crystal
molecules of the liquid crystal layer 50 have positive dielec-
tric anisotropy, the liquid crystal molecules may have a nega-
tive dielectric anisotropy. In this case, preferably, the exten-
sion direction of the strip electrode portions of the pixel
electrode 9 is changed in accordance with the alignment
direction of the liquid crystal molecules, and the strip elec-
trode portions are formed in a direction at 85° with respect to
the initial alignment direction of the liquid crystal molecules.
[0089] Inthis embodiment, the common electrode 19 over-
lapping the reflective display region R is formed of a light-
reflective metal material to form the reflective common elec-
trode 197. Alternatively, the common electrode may be
formed of a light-transmissive conductive material, and a
light reflecting layer having a light reflection function may be
provided separately from the common electrode to reflect
light. In this case, the pixel electrode and the common elec-
trode are formed so as to be interposed between the light
reflecting layer and the liquid crystal layer. If the light reflect-
ing layer has an uneven surface to scatter light reflected by the
light reflecting layer, it is possible to form the reflective dis-
play region R having a wide viewing angle.

[0090] Although in this embodiment, the TFT 30 is used as
a driving element, a TFD (Thin Film Diode) may be used.

Second Embodiment

[0091] FIG. 6 is an explanatory view of a liquid crystal
display according to a second embodiment ofthe invention. A
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liquid crystal display 200 of this embodiment is partially in
common with the liquid crystal display of the first embodi-
ment. A difference is that the phase layer (resin layer) 27
includes an isotropic layer (first resin layer) 27z, which is
formed in an isotropic phase state having no optically active
direction. Therefore, in this embodiment, the same constitu-
ent elements as those in the first embodiment are represented
by the same reference numerals, and descriptions thereof will
be omitted.

[0092] The isotropic layer 27¢ is formed in an isotropic
phase state. For this reason, light incident on the transmissive
display region T is not optically influenced when it transmits
the isotropic layer 27¢. Therefore, ifthe alignment direction of
the liquid crystal molecules of the liquid crystal layer 50 is set
in the same direction as one of the transmission axes of the
polarizing plates 14 and 24 under a crossed nicols condition,
leakage of light transmitting the slope portion 255 can be
suppressed.

[0093] The phase layer 27 can be formed, for example, by
the following method. First, an alignment film (not shown)
for forming the phase layer is formed on the color filter 22,
and a rubbing treatment is performed on the alignment film.
Next, liquid crystal having an optical functional group form-
ing the phase layer is coated on the alignment film and aligned
separately in the rubbing directions. Thereafter, light is irra-
diated only onto the region overlapping the reflective display
region R to harden the polymerizable liquid crystal material.
Thus, a reflective portion phase layer (second resin layer) 27r
1s formed. Next, the temperature increases so as to be equal to
or more than an isotropic phase transition temperature of
liquid crystal having an optical functional group, and light is
irradiated onto an unhardened portion to harden the unhard-
ened. In this way, the reflective portion phase layer 27 and
the isotropic layer 27¢ can be separately formed in the single
phase layer 27.

[0094] According to the liquid crystal display 200 having
the above-described configuration, the slope portion 254 in
which the liquid crystal layer 50 continuously changes in
thickness and which causes a phase difference due to a dif-
ference in optical path is disposed in the transmissive display
region T. Light incident on the slope portion 255 transmits the
liquid crystal layer 50 that is aligned so as to be optically
inactive with respect to incident light, and thus light is not
optically influenced until it is incident on the slope portion
255. For this reason, light transmitting the slope portion 255
has no phase difference, and light transmits the isotropic layer
27¢tin the isotropic phase state and is satisfactorily shielded by
the polarizing plate 24. Therefore, in the transmissive display
region T where the slope portion 254 is disposed, it is possible
to provide the liquid crystal display 200 that can perform
high-contrast display without light leakage.

[0095] In this embodiment, the reflective portion phase
layer 27r and the isotropic layer 27¢ of the phase layer 27 are
formed by polymerizing a polymerizable liquid crystal mate-
rialhaving different phase states. For this reason, the isotropic
layer 27¢ and the reflective portion phase layer 27r can be
formed while the alignment states thereof can be easily con-
trolled. The phase layer 27 can be a flat layer having a uniform
thickness. For this reason, there is no difference in thickness
of the phase layer 27 or no composite change in the liquid
crystal layer due to the difference in thickness and the shape
of the slope portion 255, and thus there is no difference in
optical path due to the change in thickness. Therefore, by
managing the arrangement of the slope portion 255, high-
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contrast display can be performed without light leakage. In
addition, design and manufacturing are facilitated, as com-
pared with a case in which the isotropic layer 277 and the
reflective portion phase layer 27 are separately formed.

Electronic Apparatus

[0096] Next, an embodiment of an electronic apparatus
according to the invention will be described. FIG. 7 is a
perspective view illustrating an example of the electronic
apparatus according to the invention. A mobile phone 1300
shown in FIG. 7 includes the above-described liquid crystal
display as a small display section 1301, a plurality of operat-
ing buttons 1302, a receiver 1303, and a transmitter 1304.
Therefore, it is possible to provide the mobile phone 1300
including a display section, which has a wide viewing angle
and a high contrast ratio, and is formed by the above-de-
scribed liquid crystal display.

[0097] The liquid crystal display according to each of the
foregoing embodiments may not be limited to the mobile
phone, but it may be used as an image display unit of an
electronic book, a personal computer, a digital still camera, a
television set, a viewfinder-type or monitor-direct-view-type
video tape recorder, a car navigation apparatus, a pager, an
electronic organizer, an electronic calculator, a word proces-
sor, a workstation, a video phone, a POS terminal, and an
apparatus including a touch panel. With this configuration, it
is possible to provide an electronic apparatus including a
display section having high display quality and excellent
reliability.

[0098] Although the embodiments of the invention has
been described with reference to the accompanying drawings,
the invention is not limited to the embodiments. The shapes of
the constituent members and a combination of the constituent
members in the foregoing embodiments are just illustrative
examples, and can be changed or modified based on the
design requirements, without departing from the scope or
spirit of the invention.

[0099] Theentire disclosure of Japanese Patent application
No. 2008-106464, field Apr. 16, 2008 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. A liquid crystal display comprising:

a first substrate and a second substrate that are disposed to
face each other,

a liquid crystal layer interposed between the first substrate
and the second substrate, the liquid crystal layer has a
substantially horizontal alignment in an initial align-
ment state,

first and second electrodes provided between the liquid
crystal layer and the first substrate,

a reflecting layer provided between the liquid crystal layer
and the first substrate,

a pixel region includes a reflective display region where
light incoming from the second substrate is reflected by
the reflecting layer toward the second substrate to per-
form display and a transmissive display region where
light incoming from the first substrate is transmitted
toward the second substrate to perform display,

a first polarizing plate provided on a side of the first sub-
strate opposite the liquid crystal layer, the first polariz-
ing plate having a transmission axis parallel or perpen-
dicular to an alignment direction of the liquid crystal
layer in the initial alignment state,



US 2009/0262288 A1l

asecond polarizing plate is provided on a side of the second
substrate opposite the liquid crystal layer, the second
polarizing plate having a transmission axis substantially
perpendicular to the transmission axis of the first polar-
izing plate,

aresin layer provided between the second substrate and the
liquid crystal layer, the resin layer having:

a first resin layer provided in the transmissive display
region, the first resin layer being a /2 phase layer
giving a phase difference of approximately V2 wave-
length (wavelength: A) to visible light, a slow axis of
the first resin layer and the transmission axis of the
first polarizing plate, being disposed so as to be sub-
stantially parallel or perpendicular to each other, and

a second resin layer provided in the reflective display
region, the second resin layer is a A/2 phase layer
giving a phase difference of approximately ¥2 wave-
length with respect to visible light, and a slow axis of
the second resin layer is set in a direction intersecting
the alignment direction of the liquid crystal layer; and

astep portion is provided between the first substrate and the
resin layer in order to make the thickness of the liquid
crystal layer in the reflective display region smaller than
the thickness of the liquid crystal layer in the transmis-
sive display region, the step portion including a slope
portion having a continuously changing thickness, the
slope portion being disposed in the transmissive display
region.

2. A liquid crystal display comprising:

a first substrate and a second substrate that are disposed to
face each other,

aliquid crystal layer interposed between the first substrate
and the second substrate, the liquid crystal layer has a
substantially horizontal alignment in an initial align-
ment state,

first and second electrodes provided between the liquid
crystal layer and the first substrate,

areflecting layer provided between the liquid crystal layer
and the first substrate,

a pixel region includes a reflective display region where
light incoming from the second substrate is reflected by
the reflecting layer toward the second substrate to per-
form display and a transmissive display region where
light incoming from the first substrate is transmitted
toward the second substrate to perform display,
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a first polarizing plate provided on a side of the first sub-
strate opposite the liquid crystal layer, the first polariz-
ing plate having a transmission axis parallel or perpen-
dicular to an alignment direction of the liquid crystal
layer in the initial alignment state,

asecond polarizing plate is provided on a side of the second
substrate opposite the liquid crystal layer, the second
polarizing plate having a transmission axis substantially
perpendicular to the transmission axis of the first polar-
izing plate,

aresin layer provided between the second substrate and the
liquid crystal layer, the resin layer having:

a first resin layer provided in the transmissive display
region, the first resin layer is an isotropic layer having
no optical anisotropy with respect to visible light, and

a second resin layer provided in the reflective display
region, the second resin layer is a A/2 phase layer
giving a phase difference of approximately ¥ wave-
length with respect to visible light, and a slow axis of
the second resin layer is set in a direction intersecting
the alignment direction of the liquid crystal layer; and

astep portionis provided between the first substrate and the
resin layer in order to make the thickness of the liquid
crystal layer in the reflective display region smaller than
the thickness of the liquid crystal layer in the transmis-
sive display region, the step portion including a slope
portion having a continuously changing thickness, the
slope portion being disposed in the transmissive display
region.

3. The liquid crystal display according to claim 1,

wherein the resin layer is formed of a polymerizable liquid
crystal material to have a uniform thickness.

4. The liquid crystal display according to claim 1,

wherein the liquid crystal layer of the reflective display
region has such a thickness as to give a phase difference
of approximately A/4 wavelength with respect to light
transmitting the liquid crystal layer in the initial align-
ment state, and an acute angle between the slow axis of
the second resin layer and the alignment direction of the
liquid crystal layer is 67.5°.

5. An electronic apparatus comprising the liquid crystal

display according to claim 1.
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