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(57) ABSTRACT

A transflective liquid crystal display device includes a first
substrate including first electrodes; a second substrate
including second electrodes; a liquid crystal material inter-
posed between the first and second substrates; and a display
region including a plurality of pixels each having a reflective
region and a transmissive region. The reflective and trans-
missive regions are arranged in strip shapes lying across
pixel rows. The first substrate includes a layer-thickness
adjusting layer adjusting retardation in the reflective and
transmissive regions. The layer-thickness adjusting layer
includes thick portions arranged in the reflective regions;
thin portions arranged in the transmissive regions; step
portions formed in the display region at boundaries between
the thick and thin portions such that inclined planes are
formed in a vertical direction; and relieving portions formed
outboard the display region to reduce a step difference
between the thick and thin portions.
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LIQUID CRYSTAL DISPLAY DEVICE,
MANUFACTURING METHOD OF LIQUID
CRYSTAL DISPLAY DEVICE, AND ELECTRONIC
APPARATUS

REALTED APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application Nos. 2004-348228 filed Dec. 1, 2004 and 2005-
315760 filed Oct. 31, 2005 which are hereby expressly
incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1. Technical Field

[0003] The present invention relates to a liquid crystal
display device, to a method of manufacturing a liquid crystal
display device, and to an electronic apparatus. More par-
ticularly, the invention relates to a liquid crystal display
device capable of preventing defects in display due to a
multi-gap step difference, to a method of manufacturing a
liquid crystal display device, and to an electronic apparatus
provided with the liquid crystal display device.

[0004] 2. Related Art

[0005] In general, liquid crystal display devices are used
as image displaying devices in which a pair of substrates
each having electrodes are arranged opposite to each other,
and a voltage applied to a plurality of pixels positioned at the
intersections of these electrodes is selectively turned on or
off to modulate light passing through a liquid crystal mate-
rial of pixel regions, thereby displaying images, such as
figures or characters.

[0006] As the liquid crystal display device, a transflective
liquid crystal display device capable of performing both
reflective display and transmissive display is available. That
is, in transmissive regions, light emitted from a backlight
provided on the rear side of a substrate is incident on a liquid
crystal panel, passes through a liquid crystal material layer,
and is then emitted to the outside. On the other hand, in
reflective regions, external light incident on the liquid crys-
tal panel from the outside passes through the liquid crystal
material layer and is then reflected from a reflective film.
Then, the reflected light passes through the liquid crystal
material layer again to be emitted to the outside. Since the
transflective liquid crystal display device is provided with
transmissive and reflective regions, it can display images
using external light, such as sunlight, in the daytime or
bright places, which makes it possible to reduce power
consumption. In addition, the transflective liquid crystal
display device can also display images using a backlight in
the night or relatively dark places.

[0007] To improve the color forming property in both the
reflective and transmissive regions of a transflective liquid
crystal display device and optimize retardation therein, a
liquid crystal display device having a so-called multi-gap
structure has been proposed. More specifically, FIGS. 23A
to 23C show a transflective liquid crystal display device in
which a reflective layer 604 for defining a reflective region
631 and a transmissive region 632 is formed in a pixel 603,
and a layer-thickness adjusting layer 606 is formed on the
reflective layer 604 such that a portion thereof correspond-
ing to the transmissive region 632 is opened (for example,
see JP-A-2003-270627 (claims and FIG. 1)).
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[0008] However, in the liquid crystal display device hav-
ing the multi-gap structure disclosed in JP-A-2003-270627,
since retardation is deteriorated in both the reflective regions
and the transmissive regions, step portions of the layer-
thickness adjusting layer corresponding to boundaries
between the reflective regions and the transmissive regions
cause defects in display.

[0009] Further, as an angle formed between the surface of
the substrate and the wall of the step portion becomes larger,
the adhesion of the electrodes formed in the step portions
becomes lower. Therefore, in general, the step portions are
formed to be inclined. Thus, when the surface of the
substrate is viewed in the vertical direction (e.g., a plan
view), the step portion has a predetermined width, and a
region corresponding to the step portion causes defects in
display, which results in the lowering of display character-
istics, such as contrast.

[0010] Therefore, according to the invention, to address
the above-mentioned problems, in a liquid crystal display
device having a multi-gap structure, a layer-thickness
adjusting layer for making the thicknesses of the liquid
crystal material layer different from each other in the reflec-
tive region and the transmissive region is formed in a strip
shape in a predetermined direction in the display region, to
reliably ensure electrical connection between the electrodes
formed on the layer-thickness adjusting layer outboard of
the display region.

SUMMARY

[0011] An advantage of some aspects of the invention is
that a liquid crystal display device is provided in which step
portions between reflective regions and transmissive regions
are steeply formed in a display region, and electrical con-
nection between electrodes is ensured outboard of the dis-
play region, which makes it possible to ensure the electrical
connection between the electrodes in the reflective regions
and the transmissive region and to decrease the area of a
display, defect region, resulting in an improvement in dis-
play characteristics. In addition, another advantage of some
aspects of the invention is that a method of manufacturing
the liquid crystal display device and an electronic apparatus
including the liquid crystal display device are provided.

[0012] According to an aspect of the invention, a trans-
flective liquid crystal display device includes a first substrate
that has first electrodes; a second substrate that has second
electrodes; a liquid crystal material that is interposed
between the first substrate and the second substrate; and a
display region that includes a plurality of pixels each having
a reflective region and a transmissive region. The reflective
regions and the transmissive regions are arranged in strip
shapes so as to be laid across pixel rows each composed of
pixels arranged in a given direction in the display region.
The first substrate includes a layer-thickness adjusting layer
to adjust retardation in the reflective regions and the trans-
missive regions. The layer-thickness adjusting layer
includes thick layer portions that are arranged in the reflec-
tive regions; thin layer portions that are arranged in the
transmissive regions; step portions that are formed in the
display region at boundaries between the thick layer portions
and the thin layer portions such that the inclined planes
thereof are formed in the vertical direction; and relieving
portions that are formed outboard of the display region to
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reduce a step difference between the thick layer portions and
the thin layer portions. The first electrodes are formed on the
layer-thickness adjusting layer so as to be laid across the
pixel rows, and extend outboard of the display region, and
the first electrodes formed in the reflective regions and the
transmissive regions in the same pixel row are connected to
each other on the relieving portions.

[0013] According to this structure, in the display region,
the inclined planes are steeply formed at the boundaries
between the thick layer portions and the thin layer portions,
and the step portions between the thick layer portions and
thin layer portions have a small width when the surface of
the substrate is viewed in the vertical direction (e.g., a plan
view), which makes it possible to reduce the area of a
display defect region. Outboard of the display region, it is
possible to prevent the breaking of the first electrodes due to
the step difference between the thick layer portions and thin
layer portions and thus to ensure electrical connection
between the first electrodes formed in the reflective regions
and the transmissive regions in the same pixel row. There-
fore, the electrical connection between the first electrodes in
one pixel can be ensured in the display region regardless of
whether the first electrodes are broken due to the step
portions, and the area of a display defect region can be
reduced, which makes it possible to provide a liquid crystal
display device having good display characteristics.

[0014] In the above-mentioned structure, it is preferable
that, when the inclined planes in the display region are
referred to as first inclined planes, each relieving portion
includes a second inclined plane that is slanted at an angle
smaller than the angle formed between the first inclined
plane and the surface of the substrate.

[0015] According to this structure, in the display region,
the step portions between the thick layer portions and thin
layer portions have a small width when the surface of the
substrate is viewed in the vertical direction, which makes it
possible to reduce the area of a display defect region. In
addition, outboard of the display region, it is possible to
effectively prevent the breaking of the first electrodes
formed on the inclined planes in the relieving portions and
thus to ensure the electrical connection between the first
electrodes.

[0016] Further, the angle formed between the inclined
plane 15 and the surface 31a of the substrate means an angle
determined in a range of 0 to 90° of two angles 6A and 6B
which are formed by the surface of the substrate and the
inclined plane shown in FIGS. 8A and 8B. Therefore, in
FIG. 8A, the angle therebetween means the angle 6B. In
FIG. 8B, the angle therebetween means the angle 6A.

[0017] Furthermore, in the above-mentioned structure, it
is preferable that the relieving portions each include a
plurality of step portions that connect the thick layer portion
and the thin layer portion.

[0018] According to this structure, it is possible to reduce
the height of the step portion included in each relieving
portion and to effectively prevent the breaking of the first
electrode formed on the relieving portion.

[0019] Moreover, according to another aspect of the
invention, a transflective liquid crystal display device
includes a first substrate that has first electrodes; a second
substrate that has second electrodes; a liquid crystal material
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that is interposed between the first substrate and the second
substrate; and a display region that includes a plurality of
pixels each having a reflective region and a transmissive
region. The reflective regions and the transmissive regions
are arranged in strip shapes so as to be laid across pixel rows
each composed of pixels arranged in a given direction in the
display region. The first substrate includes a layer-thickness
adjusting layer to adjust retardation in the reflective regions
and the transmissive regions. The layer-thickness adjusting
layer includes thick layer portions that are arranged in the
reflective regions; thin layer portions that are arranged in the
transmissive regions; and step portions that are formed, in
the display region, at boundaries between the thick layer
portions and the thin layer portions such that inclined planes
thereof are formed in the vertical direction. The first elec-
trodes are formed on the layer-thickness adjusting layer so
as to be laid across the pixel rows, and extend outboard of
the display region. A conductive material is arranged so as
to be laid across portions of the first electrodes extending
outboard of the display region, the first electrodes being
formed in the reflective regions and the transmissive regions
in the same pixel row.

[0020] According to this structure, in the display region,
the step portions between the thick layer portions and thin
layer portions have a small width when the surface of the
substrate is viewed in the vertical direction, which makes it
possible to reduce the area of a display defect region. In
addition, outboard of the display region, a predetermined
conductive material arranged so as to be laid across the first
electrode makes it possible to ensure the electrical connec-
tion between the first electrodes formed in the transmissive
regions and the reflective regions in the same pixel row.
Therefore, the electrical connection between the first elec-
trodes in one pixel can be ensured in the display region
regardless of whether the first electrodes are broken due to
the step portions, and the area of a display defect region can
be reduced, which makes it possible to provide a liquid
crystal display device having good display characteristics.

[0021] Further, in the above-mentioned structure, it is
preferable that, in the display region, the angle formed
between the inclined plane and the surface of the substrate
is in a range of 60° to 90°.

[0022] According to this structure, in the display region,
the step portions between the thick layer portions and thin
layer portions have a small width when the surface of the
substrate is viewed in the vertical direction, which makes it
possible to reduce the area of a display defect region.

[0023] Furthermore, in the above-mentioned structure, it
is preferable that the first electrodes in the reflective regions
and the transmissive regions be electrically connected to
each other at both sides of the display region.

[0024] According to this structure, it is possible to reliably
ensure the electrical connection between the first electrodes
in the reflective regions and the transmissive regions which
are formed so as to be laid across the pixel rows each
composed of pixels arranged in a given direction.

[0025] Moreover, in the above-mentioned structure, it is
preferable that a slit be provided on a portion of the first
electrode corresponding to the step portion of each pixel.

[0026] According to this structure, the step portions
between the thick layer portions and the thin layer portions
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in the display region serve as non-electric field regions, and
thus it is possible to reliably prevent defects in display.

[0027] Further, in the above-mentioned structure, it is
preferable that the second substrate is an element substrate
having TFD elements or TFT elements.

[0028] According to this structure, even in a liquid crystal
display device having a type of switching element, it is
possible to ensure the electrical connection between the first
electrodes formed in the reflective region and the transmis-
sive region in one pixel in the display region, and thus to
reduce the area of a display defect region due to multi-gaps
formed in the counter substrate.

[0029] According to still another aspect of the invention,
there is provided a method of manufacturing a transflective
liquid crystal display device including a first substrate that
has first electrodes; a second substrate that has second
electrodes; a liquid crystal material that is interposed
between the first substrate and the second substrate; and a
display region that includes a plurality of pixels each having
a reflective region and a transmissive region. The reflective
regions and the transmissive regions are arranged in strip
shapes so as to be laid across pixel rows each composed of
pixels arranged in a given direction in the display region.
The method includes forming a photosensitive resin material
layer on the first substrate; forming, to adjust retardation of
the reflective regions and the transmissive regions, a layer-
thickness adjusting layer which includes thick layer portions
that are arranged in the reflective regions, thin layer portions
that are arranged in the transmissive regions, step portions
that are formed, in the display region, at boundaries between
the thick layer portions and the thin layer portions such that
inclined planes thereof are formed in the vertical direction,
and relieving portions that are formed outboard of the
display region to reduce a step difference between the thick
layer portions and the thin layer portions; and forming the
first electrodes on the layer-thickness adjusting layer so as to
be laid across the pixel rows and to extend outboard of the
display region, so that the first electrodes formed in the
reflective regions and the transmissive regions in the same
pixel row are connected to each other on the relieving
portions.

[0030] According to this aspect, when the layer-thickness
adjusting layer having the thick layer portions and the thin
layer portions for forming the multi-gap structure is formed,
in the display region, the inclined planes are formed in the
vertical direction at the boundaries between the thick layer
portions and the thin layer portions, which makes it possible
to reduce the area of a display defect region. In addition,
when the layer-thickness adjusting layer is formed, the
relieving portions for reducing the step difference between
the thick layer portions and the thin layer portions are
formed outboard of the display region, which makes it
possible to ensure the electrical connection between the
electrodes on the thick layer portions and the thin layer
portions. As a result, it is possible to effectively manufacture
a liquid crystal display device having good display charac-
teristics while preventing defects in display due to the
breaking of the electrodes.

[0031] According to yet another aspect of the invention,
there is provided a method of manufacturing a transflective
liquid crystal display device including a first substrate that
has first electrodes; a second substrate that has second
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electrodes; a liquid crystal material that is interposed
between the first substrate and the second substrate; and a
display region that includes a plurality of pixels each having
a reflective region and a transmissive region. The reflective
regions and the transmissive regions are arranged in strip
shapes so as to be laid across pixel rows each composed of
pixels arranged in a given direction in the display region.
The method includes forming a photosensitive resin material
layer on the first substrate; forming, to adjust retardation of
the reflective regions and the transmissive regions, a layer-
thickness adjusting layer which includes thick layer portions
that are arranged in the reflective regions, thin layer portions
that are arranged in the transmissive regions, and step
portions that are formed, in the display region, at boundaries
between the thick layer portions and the thin layer portions
such that inclined planes thereof are formed in the vertical
direction; forming the first electrodes on the layer-thickness
adjusting layer so as to be laid across the pixel rows and to
extend outboard of the display region; and arranging a
conductive material so as to be laid across portions of the
first electrodes extending outboard of the display region, the
first electrodes being formed in the reflective regions and the
transmissive regions in the same pixel row.

[0032] According to this aspect, when the layer-thickness
adjusting layer having the thick layer portions and the thin
layer portions for forming the multi-gap structure is formed,
in the display region, the inclined planes are formed in the
vertical direction at the boundaries between the thick layer
portions and the thin layer portions, which makes it possible
to reduce the area of a display defect region. In addition, a
predetermined conductive material is arranged outboard of
the display region, which makes it possible to ensure the
electrical connection between the electrodes on the thick
layer portions and the thin layer portions. As a result, it is
possible to effectively manufacture a liquid crystal display
device having good display characteristics while preventing
defects in display due to the breaking of the electrodes.

[0033] Further, according to still yet another aspect of the
invention, an electronic apparatus includes the above-men-
tioned liquid crystal display device.

[0034] According to this structure, since the electronic
apparatus includes the liquid crystal display device capable
of securing the electrical connection between the first elec-
trodes formed in the reflective region and the transmissive
region of one pixel and of reducing the display defect region,
the invention can provide an electronic apparatus having
good display characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0036] FIG. 1 is a perspective view schematically illus-
trating a liquid crystal display device according a first
embodiment of the invention.

[0037] FIG. 2 is a cross-sectional view schematically
illustrating the liquid crystal display device according the
first embodiment of the invention.

[0038] FIGS. 3A and 3B are diagrams illustrating the
arrangement of reflective regions.
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[0039] FIG. 4 is a diagram illustrating a modification of
the arrangement of the reflective regions.

[0040] FIG. 5A is a plan view of a color filter substrate
used for the liquid crystal display device according to the
first embodiment.

[0041] FIGS. 5B and 5C are cross-sectional views of the
color filter substrate used for the liquid crystal display
device according to the first embodiment.

[0042] FIGS. 6A to 6C are diagrams illustrating the
plan-view shape of a reflective film.

[0043] FIG. 7A is a diagram illustrating a display defect
region of a liquid crystal display device according to the
related art.

[0044] FIG. 7B is a diagram illustrating a display defect
region of the liquid crystal display device according to the
first embodiment.

[0045] FIGS. 8A and 8B are cross-sectional views illus-
trating an angle formed between an inclined plane and a
surface of a substrate.

[0046] FIG. 9 is a diagram illustrating a relieving portion
including a predetermined inclined plane.

[0047] FIG.10is a diagram illustrating a relieving portion
having a plurality of step portions.

[0048] FIG. 11A is a cross-sectional view illustrating a
color filter substrate having a relieving portion provided on
one outer side of a display region.

[0049] FIG. 11B is a cross-sectional view illustrating a
color filter substrate having relieving portions provided on
both sides of the display region.

[0050] FIG. 12A is a plan view illustrating a color filter
substrate in which a layer-thickness adjusting layer is pro-
vided in only the reflective regions.

[0051] FIGS. 12B and 12C are cross-sectional views
illustrating the color filter substrate in which the layer-
thickness adjusting layer is provided in only the reflective
regions.

[0052] FIG. 13A is a plan view illustrating a color filter
substrate in which slits are provided on electrodes.

[0053] FIGS. 13B and 13C are cross-sectional views
illustrating the color filter substrate in which the slits are
provided on the electrodes.

[0054] FIG. 14A is a plan view illustrating an element
substrate.

[0055] FIG. 14B is a cross-sectional view illustrating the
element substrate.

[0056] FIGS. 15A to 15D are cross-sectional views illus-
trating a manufacturing method of the color filter substrate
used for the liquid crystal display device according to the
first embodiment (part 1).

[0057] FIGS. 16A to 16E are diagrams illustrating the
manufacturing method of the color filter substrate used for
the liquid crystal display device according to the first
embodiment (part 2).

[0058] FIGS. 17A to 17E are diagrams illustrating a
manufacturing method of the element substrate.
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[0059] FIG. 18 is a diagram illustrating a conductive
material of a color filter substrate used for a liquid crystal
display device according to a third embodiment.

[0060] FIGS. 19A to 19E are cross-sectional views illus-
trating a manufacturing method of the color filter substrate
used for the liquid crystal display device according to the
third embodiment.

[0061] FIG. 20A is a cross-sectional view illustrating a
liquid crystal display device according to a fifth embodi-
ment.

[0062] FIG. 20B is a plan view illustrating the liquid
crystal display device according to the fifth embodiment.

[0063] FIG. 21A is a plan view illustrating a counter
substrate used for the liquid crystal display device according
to the fifth embodiment.

[0064] FIG. 21B is a cross-sectional view illustrating the
counter substrate used for the liquid crystal display device
according to the fifth embodiment.

[0065] FIG. 22 is a block diagram illustrating the sche-
matic structure of an electronic apparatus according to a
sixth embodiment.

[0066] FIGS. 23A to 23C are diagrams illustrating the
structure of a liquid crystal display device having a multi-
gap structure according to the related art.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0067] Hereinafter, preferred embodiments related to a
liquid crystal display device, a manufacturing method of the
liquid crystal display device, and an electronic apparatus
provided with the liquid crystal display device according to
the invention will be described with reference to the accom-
panying drawings. However, the embodiments are just illus-
trative examples, and the invention is not limited thereto.
Therefore, various modifications and changes can be made
without departing from the scope of the invention.

First Embodiment

[0068] According to a first embodiment, a transflective
liquid crystal display device includes a first substrate having
first electrodes, a second substrate having second electrodes,
a liquid crystal material interposed between the first sub-
strate and the second substrate, and a display region includ-
ing a plurality of pixels each having a reflective region and
a transmissive region.

[0069] The reflective regions and the transmissive regions
are arranged in strip shapes so as to be laid across pixel rows
each composed of pixels arranged in a given direction in the
display region. The first substrate includes a layer-thickness
adjusting layer to adjust retardation in the reflective regions
and the transmissive regions. The layer-thickness adjusting
layer includes thick layer portions that are arranged in the
reflective regions; thin layer portions that are arranged in the
transmissive regions; step portions that are formed in the
display region at boundaries between the thick layer portions
and the thin layer portions such that inclined planes thereof
are formed in the vertical direction; and relieving portions
that are formed outboard of the display region to reduce a
step difference between the thick layer portions and the thin
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layer portions. The first electrodes are formed on the layer-
thickness adjusting layer so as to be laid across the pixel
rows, and extend outboard of the display region, and the first
electrodes formed in the reflective regions and the transmis-
sive regions in the same pixel row are connected to each
other on the relieving portions.

[0070] Hereinafter, a liquid crystal display device includ-
ing a color filter substrate having a predetermined layer-
thickness adjusting layer therein and an element substrate
having TFD (thin film diode) elements as switching ele-
ments, which is an example of the liquid crystal display
device according to the first embodiment of the invention,
will be described with reference to FIGS. 1 to 14. In these
drawings, the same components have the same reference
numerals, and repetitive description thereof will be appro-
priately omitted.

1. Basic Structure of Liquid Crystal Display Device

[0071] First, the basic structure of a liquid crystal display
device 10, which is an example of the liquid crystal display
device according to the first embodiment of the invention,
that is, the structure of cells and wiring lines, will be
described in detail with reference to FIGS. 1 and 2. FIG. 1
is a perspective view schematically illustrating the liquid
crystal display device 10 according to this embodiment, and
FIG. 2 is a schematic cross-sectional view taken along the
line II-IT of FIG. 1, as viewed in the direction of the arrow.

[0072] The liquid crystal display device 10 includes an
element substrate 60 having an active matrix structure using
TFT elements 69, which are two-terminal non-linear ele-
ments, as switching elements. In addition, although not
shown, an illuminating device, such as a backlight or a front
light, and a case may be provided to the liquid crystal display
device 10, if necessary.

[0073] Further, in the liquid crystal display device 10, the
element substrate 60 having a base substrate 61 composed
of, for example, a glass substrate and a color filter substrate
30 having a base substrate 31 composed of, for example, a
glass substrate are arranged opposite to each other and are
bonded to each other with a sealing member 23, such as an
adhesive, interposed therebetween. In addition, a liquid
crystal material 21 is injected into a space surrounded by the
element substrate 60, the color filter substrate 30, and the
sealing member 23 through an opening portion 23a, and the
opening portion 23a is sealed by a sealing material 25,
thereby forming a cell structure. That is, the liquid crystal
material 21 is filled into the space between the element
substrate 60 and the color filter substrate 30.

[0074] Furthermore, a plurality of pixel electrodes 63
arranged in a matrix are formed on an inner surface of the
base substrate 61 of the element substrate 60, that is, a
surface of the base substrate 61 opposite to the color filter
substrate 30, and a plurality of scanning electrodes 33
arranged in strip shapes are formed on an inner surface of the
base substrate 31 of the color filter substrate 30, that is, a
surface of the base substrate 31 opposite to the element
substrate 60. In addition, each pixel electrode 63 is electri-
cally connected to a data line 65 through the TFD element
69, and the scanning electrode 33 is electrically connected to
an extending line 66 on the element substrate 60 through the
sealing member 23 having conductive particles therein.
Intersecting regions of the pixel electrodes 63 and the
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scanning electrodes 33 having the above-mentioned struc-
ture constitute a plurality of pixels (hereinafter, they may be
referred to as pixel regions) arranged in a matrix, and the
arrangement of the plurality of pixels constitutes a display
region. In this way, when a voltage is applied to predeter-
mined pixels, an electric field is generated to the liquid
crystal material 21 of the pixels, which makes it possible to
display images, such as figures or characters, in the entire
display region.

[0075] Further, the element substrate 60 includes a pro-
jecting portion 60T protruding from the edge of the color
filter substrate 30, and external connection terminals 67
composed of some of the data lines 65, some of the
extending lines 66, and a plurality of wiring lines separately
formed therefrom are formed on the projecting portion 60T.

[0076] In addition, a driving semiconductor device (driv-
ing IC) 91 having, for example, a liquid crystal driving
circuit therein is connected to end portions of the data lines
65 and the extending lines 66. The driving semiconductor
device (driving IC) 91 is connected to some of the external
connection terminals 67 facing the display region, and a
flexible circuit board 93 is connected to the other terminals.

2. Reflective Region and Transmissive Region

[0077] Furthermore, the liquid crystal display device of
the invention is of a transflective type, and the reflective
regions and the transmissive regions are arranged in strip
shapes so as to be laid across pixel rows each composed of
pixels arranged in a given direction in the display region.
That is, as shown in FIGS. 3A and 3B, in the liquid crystal
display device having TFD elements therein according to
this embodiment, reflective regions R and transmissive
regions T are alternately arranged in strip shapes for every
pixel row composed of pixels G which are arranged in a
given direction (X direction) orthogonal to the data lines on
the element substrate. In addition, FIGS. 3A and 3B and
FIG. 4 are partially enlarged views of the liquid crystal
display device as viewed in a direction perpendicular to the
display surface.

[0078] In FIG. 3A, the transmissive region T is arranged
in the upper half of each pixel G, and the reflective region
R is arranged in the lower half thereof. Therefore, the
transmissive regions T and the reflective regions are
arranged in strip shapes as a whole. In addition, in FIG. 3B,
the reflective regions R are arranged in the upper and lower
portions of each pixel G, and the transmissive region T is
arranged at the central portion thereof so as to be interposed
between the reflective regions R. Therefore, the transmissive
regions T and the reflective regions R are arranged in strip
shapes as a whole.

[0079] A reflective film having apertures corresponding to
the transmissive regions T therein makes it possible to
arrange the reflective regions R and the transmissive regions
T in predetermined regions in the color filter substrate or the
element substrate. In addition, in the liquid crystal display
device according to this embodiment, the reflective film is
formed on the color filter substrate.

[0080] As shown in FIG. 4, it is preferable that, when the
reflective regions and the transmissive regions are arranged,
the reflective regions R be arranged on the sides of adjacent
pixels G opposite to each other. For example, in FIG. 4, the
pixels G each having an upper half in which the transmissive
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region T is arranged and a lower half in which the reflective
region R is arranged and the pixels G each having an upper
half in which the reflective region R is arranged and a lower
half in which the transmissive region T is arranged are
alternately disposed in each pixel column.

[0081] In this way, even when multi-gaps are formed, it is
possible to reduce a step difference which may cause display
defects in one pixel.

3. Color Filter Substrate
(1) Basic Structure

[0082] Next, the color filter substrate 30 used for the liquid
crystal display device 10 of this embodiment will be
described in detail with reference to FIGS. 5A to 13C.

[0083] FIG. 5A is a plan view of the color filter substrate
30. FIG. 5B is a cross-sectional view taken along the line
VB-VB of FIG. 5A, as viewed in the direction of the arrow.
FIG. 5C is a cross-sectional view taken along the line
VC-VC of FIG. 5A, as viewed in the direction of the arrow.
As shown in FIG. 5B, basically, the color filter substrate 30
is formed by sequentially laminating a reflective film 35, a
light shielding film 39, a colored layer 37, a layer-thickness
adjusting layer 40, and the scanning electrodes 33 on the
base substrate 31 composed of a glass substrate. In addition,
an alignment film 45 for controlling the arrangement of the
liquid crystal material is formed on the scanning electrodes
33, and a retardation plate (a quarter-wave plate) 47 and a
polarizing plate 49 are formed on a surface of the base
substrate 31 opposite to the surface having, for example, the
scanning electrodes 33 thereon to display a clear image.

(2) Reflective Film

[0084] Further, the reflective film 35 formed on the color
filter substrate 30 is formed of, for example, a metallic
material, such as aluminum, and has apertures 35a corre-
sponding the transmissive regions T. In the reflective regions
R, the reflective film 35 reflects external light, such as
sunlight, to perform reflective display. In the liquid crystal
display device of the invention, the reflective regions R are
arranged so as to be laid across the pixel rows each com-
posed of pixels which are arranged in a given direction in the
display region, and thus the reflective film 35 has, for
example, patterns shown in FIGS. 6A to 6C.

[0085] FIG. 6A shows the reflective film 35 on the color
filter substrate having the reflective regions. R and the
transmissive regions T shown in FIG. 3A arranged therein.
FIG. 6B shows the reflective film 35 on the color filter
substrate having the reflective regions R and the transmis-
sive regions T shown in FIG. 3B arranged therein. FIG. 6C
shows the reflective film 35 on the color filter substrate
having the reflective regions R and the transmissive regions
T shown in FIG. 4 arranged therein.

(3) Light Shielding Film

[0086] The light shielding film 39 functions to prevent
color materials from being mixed with each other between
adjacent pixels G, and thus to obtain an image with high
contrast. As the light shielding film 39, any of the following
films can be used: a metal film made of, for example,
chromium (Cr) or molybdenum (Mo); a film formed by
dispersing three coloring materials of R (red), G (green), and
B (blue) in a base member other than resin; and a film
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formed by dispersing a coloring material, such as a black
pigment or dye, in a base member other than resin. In
addition, the light shielding film can be formed by a com-
bination of three coloring materials of R (red), G (green),
and B (blue).

(4) Colored Layer

[0087] Further, the colored layer 37 is generally formed by
dispersing a coloring material, such as pigment or dye, in a
transparent resin, thereby displaying a predetermined color.
For example, the color of the colored layer 37 is formed by
a combination of R (red), G (green), and B (blue) color
filters, but the color is not limited thereto. For example, the
color can be formed by a combination of complementary
colors, such as Y (yellow), M (magenta), and C (cyan), or by
a combination of other colors.

[0088] The colored layers 37 are generally arranged in a
strip pattern, but they may be arranged in various patterns,
such as an oblique mosaic pattern and a tilted pattern.

(5) Layer-Thickness Adjusting Layer

[0089] Furthermore, in the liquid crystal display device 10
according to this embodiment, the layer-thickness adjusting
layer 40 formed of, for example, an organic photosensitive
resin material, such as acrylic resin or epoxy resin, or an
inorganic material, such as SiN or SiO,, is formed on the
color filter substrate 30. As shown in FIGS. 5A to 5C, the
layer-thickness adjusting layer 40 includes thick layer por-
tions 40qa arranged in the reflective regions R and thin layer
portions 4056 arranged in the transmissive regions T. In a
display region A, inclined planes 40c¢ are formed in the
vertical direction in step portions between the thick layer
portions 40a and the thin layer portions 405. Relieving
portions 11 for reducing the step difference between the
thick layer portions 40a and the thin layer portions 405 are
formed outboard of the display region A.

[0090] That is, in a liquid crystal display device having a
multi-gap structure in which the reflective region of the
liquid crystal material layer has a thickness smaller than the
transmissive region, to optimize retardation in the reflective
region and the transmissive region, the layer-thickness
adjusting layer is formed such that the step difference
between the thick layer portion and the thin layer portion is
small in the display region, as viewed in a direction per-
pendicular to the surface of the substrate. On the other hand,
the relieving portions for preventing the scanning electrodes
formed on the step portions between the thick layer portions
and the thin layer portions of the layer-thickness adjusting
layer from being broken are formed outboard of the display
region to ensure electrical connection between the scanning
electrodes formed in the reflective region and the transmis-
sive region in each pixel.

[0091] Therefore, it is possible to prevent errors in opera-
tion due to the breaking of the scanning electrodes and to
reduce the area of a display defect region due to the step
difference. In addition, it is possible to optimize retardation
in both the reflective region and the transmissive region, and
thus to achieve a liquid crystal display device having good
display characteristics.

[0092] More specifically, as shown in FIG. 23B, a layer-
thickness adjusting layer for constituting a multi-gap struc-
ture according to the related art is formed such that an
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inclined plane in a step portion 660 between the thick layer
portion arranged in the reflective region R and the thin
portion arranged in the transmissive region T has a relatively
small inclination angle. The reason is that, when the inclined
plane is vertically formed in the step portion, defects in
formation may occur in the scanning electrode formed in the
step portion, which causes the scanning electrode to be
broken. However, the step portion has inappropriate retar-
dation in both the reflective region and the transmissive
region. Therefore, in this case, as shown in FIG. 7A, the area
of a region corresponding to the inclined plane as viewed in
a direction perpendicular to the surface of the substrate
relatively increases, and thus the area of a display defect
region 13 increases.

[0093] On the other hand, in the liquid crystal display
device according to the invention, the inclined plane in the
step portion between the thick layer portion and the thin
layer portion is vertically formed. Therefore, as shown in
FIG. 7B, the area of a region corresponding to the inclined
plane as viewed in a direction perpendicular to the surface
of the substrate relatively decreases, and thus the area of the
display defect region 13 decreases. In addition, FIGS. 7A
and 7B show a condition of the display defect region 13 that
occurs because an inclined plane 40¢' of the layer-thickness
adjusting layer 40' leans.

[0094] To reduce the width of the step portion between the
thick layer portion and the thin layer portion as viewed in a
direction perpendicular to the surface of the substrate, it is
preferable that an angle formed between the inclined plane
and the surface of the substrate be in a range of 60° to 90°.

[0095] When the angle is smaller than 60°, the width of the
inclined plane as viewed in the direction perpendicular to the
surface of the substrate becomes relatively large although
the width is varied according to the thickness of the layer-
thickness adjusting layer, which results in an increase in the
area of the display defect region. On the other hand, when
the angle is larger than 90°, the width of the inclined plane
as viewed in the direction perpendicular to the surface of the
substrate is zero, which makes it possible to reduce the area
of the display defect region to the minimum. However, in
general, the step portion is formed by performing multiple
exposure or halftone exposure on a photosensitive resin
material, and thus optical rotation may occur in light passing
through a photo mask, which results in low reproducibility.

[0096] Therefore, the angle between the inclined plane
and the surface of the substrate in the step portion between
the thick layer portion and the thin layer portion is preferably
in a range of 70° to 88°, and more preferably, in a range of
80° to 85°.

[0097] Inaddition, the angle between the inclined plane 15
and the surface 31a of the substrate means an angle deter-
mined in a range of 0 to 90° of two angles 6A and 6B which
are formed by the surface of the substrate and the inclined
plane shown in FIGS. 8A and 8B. Therefore, in FIG. 8A,
the angle therebetween means the angle 6B. In FIG. 8B, the
angle therebetween means the angle 0A.

[0098] However, in the case in which the inclined plane is
formed in the vertical direction in the step portion between
the thick layer portion and the thin layer portion, in a
manufacturing process, when the scanning electrodes are
formed on the layer-thickness adjusting layer, the electrodes
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may be non-uniformly formed in the step portions. In this
case, for example, the scanning electrode in the reflective
region and the scanning electrode in the transmissive region
of each pixel are discontinuously formed, which makes it
difficult to ensure electrical connection therebetween. As a
result, errors in operation occur.

[0099] As shown in FIGS. 5A to 5C, the relieving por-
tions 11 for reducing the step difference between the thick
layer portion 40a and the thin layer portion 405 are formed
outboard the display region A. Therefore, it is possible to
ensure the electrical connection between the scanning elec-
trode 33a in the reflective region and the scanning electrode
335 in the transmissive region of each pixel by the relieving
portions 11, and thus to prevent errors in operation caused by
the breaking of the scanning electrode 33. That is, for
example, even when the scanning electrode in the reflective
region and the scanning electrode in the transmissive region
of one pixel are not connected to each other, the electrical
connection between the scanning electrode in the reflective
region and the scanning electrode in the transmissive region
is ensured outboard of the display region. Therefore, it is
possible to apply a voltage to both the reflective region and
the transmissive region in one pixel.

[0100] As shown in FIG. 9, for example, when the
inclined plane in the display region is referred to as a first
inclined plane 40c, the relieving portion 11 can include a
second inclined plane 18 which is slanted at an angle smaller
than an angle 62 formed between the first inclined plane 40¢
and the surface of the substrate. That is, when the inclined
plane is steeply formed in the step portion between the thick
layer portion and the thin layer portion, defects in formation
occur in the transparent electrode formed in the step portion.
As a result, the breaking of the electrode easily occurs.
Therefore, the inclined plane in the step portion between the
thick layer portion and the thin layer portion is formed
outboard of the display region at a smaller angle than that of
the step portion in the display region, which makes it
possible to ensure the electrical connection between the
electrode formed in the reflective region and the electrode
formed in the transmissive region of one pixel outboard of
the display region.

[0101] However, when the inclined plane is excessively
gently formed, the area of a frame region outside the display
region may increase. Therefore, the angle between the
surface of the substrate and the inclined plane in the step
portion between the thick layer portion and the thin layer
portion outboard of the display region is preferably in a
range of 30° to 60°, and more preferably, in a range of 40°
to 50°.

[0102] Further, as another example of the relieving por-
tion, as shown in FIG. 10, a relieving portion 11 can have
a plurality of step portions 12 which connect the thick layer
portion 40q to the thin layer portion 405. That is, in the case
in which a difference in height between the thick layer
portion and the thin layer portion is larger than the thickness
of the electrode outboard of the display region, when the
electrode is formed in the step portion therebetween, defects
in formation may occur therein, which causes the electrode
to be broken. Therefore, when a plurality of step portions is
formed at the boundary between the thick layer portion and
the thin layer portion outboard of the display region, it is
possible to prevent the electrode from being broken by
reducing a difference in height between the step portions.
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[0103] For example, when the scanning electrode has a
thickness of about 50 nm, it is preferable that the height of
each of the plurality of step portions included in the relieving
portion for reducing the step difference between the thick
layer portion and the thin layer portion outboard of the
display region be in a range of 30 to 60 nm.

[0104] Further, as shown in FIG. 11A, the relieving por-
tion 11 is formed on one outer side of the display region A,
for example, on one side of the display region which is
electrically connected to the extending lines on the element
substrate, so that the scanning line 33a on the thick layer
portion 40a of the layer-thickness adjusting layer 40 is
electrically connected to the scanning line 335 on the thin
layer portion 405 thereof, which makes it possible to ensure
the electrical connection therebetween. However, to more
reliably ensure the electrical connection between the scan-
ning electrodes 33a and 335, it is preferable to form the
relieving portions 11 at both sides of the display region A,
as shown in FIG. 11B.

[0105] Furthermore, in order that the reflective region is
formed to be thinner than the transmissive region in the
liquid crystal material layer to optimize retardation, the thick
layer portion corresponding to the reflective region and the
thin layer portion corresponding to the transmissive region
are formed, as described above. However, the invention is
not limited to this structure, but the layer-thickness adjusting
layer 40 can be formed so as to correspond to only the
reflective regions R, as shown in FIGS. 12A to 12C. In this
case, inclined planes are in the step portions corresponding
to end portions of the layer-thickness adjusting layer 40, the
inclined plane 40c¢ is vertically formed in the display region
A. The relieving portions 11 are provided outside the display
region A, each relieving portion 11 has an inclined plane 18
which has a smaller angle of inclination than the inclined
plane 40c¢ of the display region A.

[0106] Moreover, the structure of the relieving portion is
not limited to the above-mentioned aspect, but other struc-
tures can be used as long as the electrical connection
between the scanning electrode on the thick layer portion
and the scanning electrode on the thin layer portion can be
ensured.

(6) Scanning Electrode

[0107] Further, the scanning electrodes 33 formed of a
transparent conductive material, such as ITO (indium tin
oxide), are formed on the layer-thickness adjusting layer 40.
The scanning electrodes 33 are arranged in strip shapes so as
to be parallel to pixel rows each composed of pixels
arranged in a given direction.

[0108] In the liquid crystal display device of this embodi-
ment, in the display region A, the inclined planes are formed
in the vertical direction in the step portions between the thick
layer portions 40a and the thin layer portions 4056 of the
layer-thickness adjusting layer 40 respectively correspond-
ing to the reflective regions R and the transmissive regions
T. Therefore, the scanning electrode 33a in the reflective
region R and the scanning electrode 335 in the transmissive
region T in one pixel may be discontinuously formed with
each other.

[0109] However, the scanning electrodes formed in the
reflective regions and the transmissive regions in the same
pixel row are provided so as to extend outboard of the
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display region, and the scanning electrode in the reflective
region and the scanning electrode in the transmissive region
are connected to each other on the relieving portion for
reducing the step difference between the thick layer portion
and the thin layer portion. Therefore, even when the scan-
ning electrodes are discontinuously arranged in one pixel, it
is possible to ensure the electrical connection between the
scanning electrodes.

[0110] Therefore, even when the scanning electrode is
formed on the step portion including the inclined plane
which is formed in the vertical direction in the display
region, it is possible to prevent errors in operation due to the
breaking of the electrode.

[0111] Further, the electrical connection is ensured
between the scanning electrode in the reflective region and
the scanning electrode in the transmissive region in one
pixel outboard of the display region, and the electrical
connection between the scanning electrode on the thick layer
portion and the scanning electrode on the thin layer portion
of the layer-thickness adjusting layer is ensured on one side
of'the display region, for example, on one side of the display
region which is electrically connected to the extending lines
on the element electrode, which makes it possible to ensure
the electrical connection. However, to more reliably ensure
the electrical connection between the scanning electrodes, it
is preferable that the scanning electrodes on the thick layer
portions and the scanning electrodes on the thin layer
portions of the layer-thickness adjusting layer be electrically
connected to each other at both sides of the display region.

[0112] Further, as shown in FIGS. 13A to 13C, it is
preferable that a slit 34 be provided on a position of the
scanning electrode 33 corresponding to a step portion (the
first inclined plane 40c¢) between the thick layer portion 40a
and the thin layer portion 405 of the layer-thickness adjust-
ing layer 40 of each pixel in the display region A.

[0113] Inthis case, the scanning electrode is not formed on
the inclined plane causing defects in display, which causes
the inclined plane to serve as a non-electric field region.
Therefore, the inclined plane does not transmit light, which
makes it possible to prevent defects in display.

[0114] Furthermore, according to the liquid crystal display
device of this embodiment, the electrical connection
between the scanning electrode in the reflective region and
the scanning electrode in the transmissive region in one
pixel is ensured outboard of the display region. Therefore,
even when the slits are provided, errors in operation do not
occur.

(7) Alignment Film

[0115] Moreover, the alignment film 45 formed of, for
example, polyimide resin is formed on all the scanning
electrodes 33. For example, a rubbing process is performed
on the alignment film to control the alignment of the liquid
crystal material.

4. Element Substrate
(1) Basic Structure

[0116] Further, as shown in FIGS. 14A and 14B, the
element substrate 60 basically includes the base substrate 61
composed of, for example, a glass substrate, the data lines
65, the TFD elements 69, serving as switching elements, and
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the pixel electrodes 63. As shown in FIG. 2, an alignment
film 75 formed of, for example, polyimide resin is formed on
the pixel electrodes 63. In addition, a retardation plate
(quarter-wave plate) 77 and a polarizing plate 79 are formed
on the outer surface of the base substrate 61.

[0117] In addition, FIG. 14A is a plan view schematically
illustrating the element substrate 60, and FIG. 14B is a
cross-sectional view schematically illustrating the element
substrate 60. A description of the alignment film or the
polarizing plate will be appropriately omitted.

(2) Data Line and Extending Line

[0118] The data lines 65 are formed on the element
substrate 60 in strip shapes in which a plurality of wiring
lines are arranged parallel to each other. Although not
shown, the extending lines electrically connected to the
scanning electrodes 33 on the color filter substrate 30
through the sealing member containing conductive particles
therein are provided on one side which extends in the
vertical direction with respect to one side of a driver
mounting region.

[0119] The data lines 65 and the extending lines are
simultaneously formed with two-terminal non-linear ele-
ments, which will be described later, from the viewpoint of
the simplicity of a manufacturing process and a reduction in
electric resistance, and these lines are formed by laminating,
for example, a tantalum layer, a tantalum oxide layer, and a
chromium layer in this order.

(3) Pixel Electrode

[0120] Further, each pixel electrode 63 is electrically
connected to the data line 65 through the switching element
69. The pixel electrodes 63 are arranged in a matrix between
the data lines 65.

[0121] The pixel electrodes 63 can be formed of a trans-
parent conductive material such as ITO (indium tin oxide) or
17O (indium zinc oxide).

(4) Switching Element

[0122] Furthermore, the TFD elements 69, serving as
switching elements for electrically connecting the data lines
65 and the pixel electrodes 63, are formed on the element
substrate 60. The TFD element 69 generally has a sandwich
structure in which a first element electrode 71 made of, for
example, a tantalum (Ta) alloy, an insulating film 72 made
of a tantalum oxide (Ta,Os), and second electrode electrodes
73 and 74 made of chromium (Cr) are sequentially lami-
nated. The TFD element 69 has a diode switching charac-
teristic in the positive and negative directions, and is turned
on when a voltage higher than a threshold value is applied
between the first element electrode 71 and the second
element electrodes 73 and 74.

[0123] Furthermore, two TFD elements 69a and 695 are
preferably formed so as to be interposed between the data
line 65 and the pixel electrode 63, and the first TFD element
69a preferably has a diode characteristic reverse to that of
the second TFD element 695.

[0124] In this way, it is possible to use a symmetric pulse
waveform in polarity as a voltage to be applied, and to
prevent the deterioration of the liquid crystal material in the
liquid crystal display device. That is, to prevent the dete-
rioration of the liquid crystal material, it is desirable that the
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diode switching characteristics in the positive and negative
directions be symmetric, and it is possible to use a symmet-
ric pulse waveform in the negative and positive directions by
connecting the two TFD elements 69a and 695 in series such
that their polarities are reverse to each other.

Second Embodiment

[0125] According to a second embodiment of the inven-
tion, a method of manufacturing the liquid crystal display
device according to the first embodiment is provided. The
method includes: forming a photosensitive resin material
layer on the first substrate; forming, to adjust retardation of
the reflective regions and the transmissive regions, a layer-
thickness adjusting layer which includes thick layer portions
that are arranged in the reflective regions; thin layer portions
that are arranged in the transmissive regions; step portions
that are formed, in the display region, at boundaries between
the thick layer portions and the thin layer portions such that
inclined planes thereof are formed in the vertical direction;
and relieving portions that are formed outboard of the
display region to reduce a step difference between the thick
layer portions and the thin layer portions; and forming the
first electrodes on the layer-thickness adjusting layer so as to
be laid across the pixel rows and to extend outboard of the
display region, so that the first electrodes formed in the
reflective regions and the transmissive regions in the same
pixel row are connected to each other on the relieving
portions.

[0126] As an example of the manufacturing method of the
liquid crystal display device according to the second
embodiment, a method of manufacturing the liquid crystal
display device according to the first embodiment will be
described with reference to FIGS. 15 to 17.

1. Manufacturing Process of Color Filter Substrate
(1) Formation of Reflective Film

[0127] First, as shown in FIG. 15A, a reflective film 35 for
forming the reflective regions is formed on a glass substrate
31 serving as a base of a first substrate. The reflective film
can be formed by depositing a metallic material, such as
aluminum, on a mother substrate by using an evaporation
method or a sputtering method, and then by patterning it
using a photolithography method.

[0128] Further, when a transflective color filter substrate is
manufactured, the reflective film 35 having apertures 35a for
forming the transmissive regions corresponding to the pixels
is formed.

(2) Formation of Colored Layer

[0129] Next, as shown in FIG. 15B, R, G, and B colored
layers 37 are formed corresponding to the pixels. The
colored layers can be formed by applying photosensitive
resin composed of transparent resin containing a coloring
material, such as pigment or dye, dispersed therein on the
mother substrate and by sequentially performing pattern
exposure and developing processes on the photosensitive
resin. In addition, the exposure and developing processes are
repeatedly performed on the colors R, G, and B.

(3) Formation of Light Shielding Film

[0130] Then, as shown in FIG. 15C, the light shielding
film 39 is formed in regions between the pixels. As the light
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shielding film, any of the following films can be used: a
metal film made of, for example, chromium (Cr) or molyb-
denum (Mo); a film formed by dispersing three coloring
materials of R (red), G (green), and B (blue) in a base
member other than resin; and a film formed by dispersing a
coloring material, such as a black pigment or dye, in a base
member other than resin.

[0131] For example, when the light shielding film is
formed by the metal film, the light shielding film can be
formed by depositing a metallic material, such as chromium
(Cr), on a glass substrate using an evaporation method, and
then by etching it in a predetermined pattern.

(4) Formation of Layer-Thickness Adjusting Layer

[0132] Next, as shown in FIG. 15D, a photosensitive resin
material layer 40" is formed by uniformly applying a pho-
tosensitive resin material on a substrate using a coating
machine, such as a spin coater. In this case, for example,
when the spin coater is used, the applying process is
performed at a rotational speed of 600 to 2,000 rpm for 5 to
20 minutes to form a layer-thickness adjusting layer having
a thickness of 1 to 10 pm.

[0133] The photosensitive resin material forming the
layer-thickness adjusting layer is not limited to a specific
material. For example, the layer-thickness adjusting layer
may be formed of an acryl-based resin, an epoxy-based
resin, a silicon-based resin, a phenol-based resin, an oxet-
ane-based rein, or a combination thereof. In addition, inor-
ganic fillers, such as silica particles, titanium oxide, zirconia
oxide, and aluminum oxide, can be added into the photo-
sensitive resin material to form an uneven pattern with high
accuracy.

[0134] In addition, as the photosensitive resin material,
any of the following materials can be used: a positive
photosensitive resin material which is optically resolved by
light passing through a transmissive portion and is then
dissolved by a developing agent; and a negative photosen-
sitive resin material which is hardened by light passing
through the transmissive portion and is insoluble by the
developing agent.

[0135] Further, in this embodiment, a positive photosen-
sitive resin material is used.

[0136] Next, as shown in FIGS. 16A to 16C, in the
layer-thickness adjusting layer 40 in which the thick layer
portions 40a are arranged in the reflective regions and the
thin layer portions 406 are arranged in the transmissive
regions, each step portion whose inclined plane is vertically
formed is provided at a boundary between the thick layer
portion 40a and the thin layer portion 405 in the display
region A, and the relieving portion 11 for reducing the step
difference between the thick layer portion 40a and the thin
layer portion 405 is formed at the boundary therebetween
outboard of the display region.

[0137] More specifically, for example, a substrate is
mounted on a stepper stage, and a first photo mask 111 is
arranged thereon, as shown in FIG. 16A. Then, an energy
beam represented by a letter ‘L’ such as an i beam, is
radiated thereto to perform pattern exposure (first exposure)
on the photosensitive resin material layer 40' on which the
photosensitive resin material is uniformly coated.
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[0138] Subsequently, the substrate is transferred from the
stepper stage onto an exposure apparatus for full plate
exposure, and a second photo mask 113 is arranged thereon,
as shown in FIG. 16B. Then, similarly, the energy beam is
radiated thereto to perform pattern exposure (second expo-
sure) on the layer-thickness adjusting layer.

[0139] Then, for example, the photosensitive resin mate-
rial layer 40' on the substrate 31 is developed by a devel-
oping agent, so that parts of the photosensitive resin material
layer to which light passing through the transmissive por-
tions of the first and second photo masks is radiated are
developed. In this way, as shown in FIG. 16C, the layer-
thickness adjusting layer 40 having the thick layer portions
40a corresponding to the reflective regions and the thin layer
portions 405 corresponding to the transmissive portions 405
can be formed.

[0140] In this case, it is possible to form step portions
having desired inclined planes outboard of the display
region by making mask patterns of the first and second photo
masks 111 and 113 different from each other. On the other
hand, in the display region, the first exposure or the second
exposure is performed, or the first and second photo masks
111 and 113 having the same mask pattern are used, which
makes it possible to form the inclined planes in the vertical
direction in the step portions without being tapered. There-
fore, the layer-thickness adjusting layer 40 is formed as
follows: in the display region A, the inclined planes (the first
inclined planes 40c¢) are formed in the vertical direction in
the step portions between the thick layer portions 40a and
the thin layer portions 405; on the other hand, outboard of
the display region A, the inclined planes (the second inclined
planes 18) are formed in the step portions between the thick
layer portions 40a and the thin layer portions 405 so as to
have an inclination angle smaller than the angle formed
between the surface of the substrate and the first inclined
plane 40c in the display region A.

[0141] Further, a method of forming the thick layer por-
tions, the thin layer portions, and the inclines planes of the
layer-thickness adjusting layer is performed by multiple
exposure using a plurality of photo masks having different
patterns. Alternatively, the layer-thickness adjusting layer
having the thick layer portions, the thin layer portions, and
the inclines planes may be formed by half-tone exposure
using a half-tone mask having partially different transmit-
tances.

(5) Formation of Scanning Electrode and Alignment Film

[0142] Next, as shown in FIG. 16D, a transparent con-
ductive layer formed of a transparent conductive material,
such as ITO (indium tin oxide), is formed on the entire
surface of the layer-thickness adjusting layer having the
thick layer portions and the thin layer portions therein by, for
example, a sputtering method, and then patterning is per-
formed thereon by using a photolithography method,
thereby forming the electrodes 33 having a predetermined
pattern.

[0143] For example, when the color filter substrate to be
manufactured is a color filter substrate used for a passive
matrix liquid crystal display device or an active matrix
liquid crystal display device including TFD (thin film diode)
elements, the transparent conductive layer is patterned into
a plurality of transparent electrodes having strip shapes
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parallel to each other. In addition, when the color filter
substrate to be manufactured is a color filter substrate used
for an active matrix liquid crystal display device including
TFT (thin film transistor) elements, the transparent conduc-
tive layer is patterned into plane-shaped transparent elec-
trodes corresponding to cell regions.

[0144] In this case, since the step portions between the
thick layer portions and the thin layer portions of the
layer-thickness adjusting layer are formed in the vertical
direction in the display region, defective scanning electrodes
may be formed in the step portions. However, the relieving
portions are formed in the layer-thickness adjusting layer
outboard of the display region, and the scanning electrode in
the reflective region and the scanning electrode in the
transmissive region in one pixel are reliably connected to
each other in the relieving portion, which makes it possible
to ensure the electrical connection therebetween. Thus, it is
possible to prevent errors in operation due to the breaking of
the electrodes, and thus to manufacture a liquid crystal
display device having a small area of a display defect region.

[0145] Next, as shown in FIG. 16E, the alignment film 45
formed of, for example, polyimide resin, is formed on the
cell regions on the substrate having the transparent elec-
trodes 33 formed thereon, thereby manufacturing the color
filter substrate 30.

2. Manufacturing Process of Element Substrate

(1) Formation of First Element Electrode

[0146] As shown in FIG. 17A, in the manufacturing
process of the element substrate 60, first, first element
electrodes 71 are formed on the base substrate 61 composed
of a glass substrate. The first element electrodes 71 can be
formed of a metallic material, such as tantalum, and be
formed by, for example, a sputtering method or an electron
beam deposition method. In this case, to markedly improve
the adhesion of the first element electrodes 71 to the second
glass substrate 61, and to effectively prevent impurities from
being diffused from the second glass substrate 61 to the first
element electrodes 71, it is preferable to form an insulating
film formed of, for example, tantalum oxide (Ta,O,), on the
substrate 61 before forming the first element electrodes 71.

[0147] In this case, to cause the first element electrode to
be commonly used by the TFD elements corresponding to
two pixel electrodes which are adjacent to each other along
the data line or which are adjacent to each other in the
oblique direction along the data line, the first element
electrode is preferably formed so as to be laid across two
adjacent pixels. In this way, it is possible to decrease the
formation area of the TFD element and to increase the size
of the pixel electrode. As a result, it is possible to effectively
manufacture a liquid crystal display device in which the area
of each pixel increases and display characteristics, such as
contrast, are improved.

[0148] Next, as shown in FIG. 17B, the surface of the first
element electrode 71 is oxidized by an anodizing method to
form an oxide film 72. More specifically, the substrate
having the first element electrodes 71 formed thereon is
dipped into an electrolytic solution, such as a citric acid
solution, and then a predetermined voltage is applied
between the electrolytic solution and the first element elec-
trode 71 to oxidize the surface of the first element electrode
71.
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(2) Formation of Second Element Electrode and Data Line

[0149] Next, a metal film is formed on the entire surface
of the substrate having the first element electrodes 71
formed thereon by, for example, the sputtering method, and
the metal film is patterned by the photolithography method,
thereby forming the second element electrodes 73 and 74
and the data lines 65, as shown in FIG. 17C. In this way, it
is possible to form the TFD elements 69 and the data lines
65.

(3) Formation of Pixel Electrode

[0150] Next, as shown in FIG. 17D, a transparent con-
ductive layer made of a transparent conductive material,
such as ITO (indium tin oxide), is formed by, for example,
the sputtering method, and is then patterned by, for example,
the photolithography method to form pixel electrodes 63
electrically connected to the TFD elements 69.

(4) Formation of Alignment Film

[0151] Subsequently, as shown in FIG. 17E, an alignment
film 75 made of, for example, polyimide resin is formed on
the element substrate 60 having the pixel electrodes 63, etc.,
formed thereon. In this way, the element substrate 60 can be
manufactured.

3. Bonding Process

[0152] Next, although not shown, the sealing member 23
is laminated on the color filter substrate 30 or the element
substrate 60 so as to surround the display region, and the
other substrate is bonded thereto by hot-pressing. In this
way, the color filter substrate 30 and the element substrate 60
are bonded to each other, thereby forming a cell structure.

4. Other Processes Including Assembling Process

[0153] Next, a liquid crystal material is injected into the
cell through an inlet provided in the sealing member, and the
inlet is sealed with, for example, a sealing material.

[0154] Further, retardation plates (quarter-wave plates)
and polarizing plates are respectively provided on the color
filter substrate 30 and the element substrate 60, and a driver
is mounted. Then, the liquid crystal display device and a
backlight are encased in a case, thereby manufacturing a
liquid crystal display device.

Third Embodiment

[0155] According to a third embodiment of the invention,
a transflective liquid crystal display device includes a first
substrate having first electrodes formed thereon, a second
substrate having second electrodes formed thereon, a liquid
crystal material interposed between the first substrate and
the second substrate, and a display region including a
plurality of pixels each having a reflective region and a
transmissive region therein. The reflective regions and the
transmissive regions are arranged in strip shapes so as to be
laid across pixel rows each composed of pixels arranged in
a given direction in the display region. The first substrate
includes a layer-thickness adjusting layer to adjust retarda-
tion in the reflective regions and the transmissive regions.
The layer-thickness adjusting layer includes thick layer
portions that are arranged in the reflective regions; thin layer
portions that are arranged in the transmissive regions; and
step portions that are formed, in the display region, at
boundaries between the thick layer portions and the thin
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layer portions such that inclined planes thereof are formed in
the vertical direction. The first electrodes are formed on the
layer-thickness adjusting layer so as to be laid across the
pixel rows, and extend outboard of the display region, and
a conductive material is arranged so as to be laid across
portions of the first electrodes extending outboard of the
display region, the first electrodes being formed in the
reflective regions and the transmissive regions in the same
pixel row.

[0156] Hereinafter, a liquid crystal display device accord-
ing to the third embodiment of the invention will be
described with reference to FIG. 18 and FIGS. 19A to 19E,
centered on the structure of a color filter substrate which is
different from that of the liquid crystal display device
according to the first embodiment. In addition, in this
embodiment, a description of the same components as those
in the first embodiment will be appropriately omitted.

1. Color Filter Substrate
(1) Basic Structure

[0157] As shown in FIG. 18, the structure of a color filter
substrate 30 used for a liquid crystal display device 10
according to this embodiment is basically the same as that of
the color filter substrate according to the first embodiment.
That is, the color filter substrate 30 is constituted by sequen-
tially laminating a reflective film 35, a light shielding film
39, a colored layer 37, a layer-thickness adjusting layer 40,
and scanning electrodes 33 on a base substrate 31 composed
of, for example, a glass substrate. In addition, an alignment
film 45 for controlling the alignment of a liquid crystal
material is formed on the scanning electrodes 33, and a
retardation plate (quarter-wave plate) 47 and a polarizing
plate 49 are provided on a surface of the base substrate
opposite to the surface having the scanning electrodes 33,
etc., formed thereon to improve the definition of an image.

[0158] Further, since the reflective film 35, the light
shielding film 39, the colored layer 37, and the alignment
film 45 are the same as those of the color filter substrate used
for the liquid crystal display device according to the first
embodiment, a description thereof will be omitted.

(2) Layer-Thickness Adjusting Layer

[0159] Furthermore, in the liquid crystal display device 10
of this embodiment, the layer-thickness adjusting layer 40
formed of, for example, a photosensitive resin material, such
as acrylic resin or epoxy resin, is formed on the color filter
substrate 30. The layer-thickness adjusting layer 40 includes
thick layer portions 40a arranged in the reflective regions
and thin layer portions 405 arranged in the transmissive
regions. In a display region A, each inclined plane 40c¢ is
formed in the vertical direction in a step portion between the
thick layer portion 40a and the thin layer portion 405.

[0160] That is, in a liquid crystal display device having a
multi-gap structure in which the reflective region of the
liquid crystal material layer has a thickness smaller than the
transmissive region, to optimize retardation in the reflective
region and the transmissive region, the layer-thickness
adjusting layer is formed such that the width of the step
portion between the thick layer portion and the thin layer
portion is small in the display region, as viewed in a
direction perpendicular to the surface of the substrate.
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[0161] Therefore, as described in the first embodiment, it
is possible to reduce the area of a display defect region due
to the step difference, and thus to optimize retardation in
both the reflective region and the transmissive region, which
makes it possible to achieve a liquid crystal display device
having good display characteristics.

[0162] However, in the case in which the inclined plane is
formed in the vertical direction in the step portion between
the thick layer portion and the thin layer portion, in a
manufacturing process, when the scanning electrodes are
formed on the layer-thickness adjusting layer, the electrodes
may be non-uniformly formed in the step portions. In this
case, poor electrical connection occurs between the scanning
electrode in the reflective region and the scanning electrode
in the transmissive region of each pixel, which causes errors
in operation.

[0163] Therefore, in the liquid crystal display device of
this embodiment, as will be described later, unlike the
relieving portions of the first embodiment, the electrical
connection between the scanning electrode in the reflective
region and the scanning electrode in the transmissive region
in one pixel is ensured outboard of the display region by
using a conductive material.

(3) Scanning Flectrode and Conductive Material

[0164] Further, the scanning electrodes 33 formed of a
transparent conductive material, such as ITO (indium tin
oxide), are formed on the layer-thickness adjusting layer 40.
The scanning electrodes 33 are arranged in strip shapes so as
to be parallel to pixel rows each composed of pixels
arranged in a given direction.

[0165] In the liquid crystal display device of this embodi-
ment, in the display region, the inclined planes are formed
in the vertical direction in the step portions between the thick
layer portions 40a and the thin layer portions of the layer-
thickness adjusting layer 40 respectively corresponding to
the reflective regions and the transmissive regions. There-
fore, the scanning electrode in the reflective region and the
scanning electrode in the transmissive region in one pixel
may not be continuously formed.

[0166] In the liquid crystal display device of this embodi-
ment, the scanning electrode 33a on the thick layer portion
40qa and the scanning electrode 335 on the thin layer portion
405 in one pixel extend outboard of the display region A. In
addition, the scanning electrodes 33, each formed on the
reflective regions and the transmissive regions of the same
pixel row, are electrically connected to each other by a
conductive material 140 arranged so as to be laid across
portions of the scanning electrodes 33 extending outboard of
the display region A. Therefore, even when the scanning
electrode 33a in the reflective region and the scanning
electrode 335 in the transmissive region in one pixel are not
continuously formed with each other, it is possible to ensure
the electrical connection therebetween, and to apply a volt-
age to both the reflective region and the transmissive region
in one pixel.

[0167] Therefore, in the layer-thickness adjusting layer in
the display region, it is possible to prevent the occurrence of
errors in operation due to the breaking of the electrodes,
regardless of whether the scanning electrodes are formed on
the step portions including the inclined planes formed in the
vertical direction.
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[0168] As an example of the conductive material, the
conductive material 140 having a thickness larger than the
step difference between the thick layer portion 40q the thin
layer portion 405 can be used, as shown in FIG. 18. That is,
the conductive material 140 is arranged or formed so as to
be laid across portions of the scanning electrodes 33a and
335 respectively formed on the thick layer portion 40a and
the thin layer portion 405 of the layer-thickness adjusting
layer 40 which extend outboard of the display region. This
structure makes it possible to ensure the electrical connec-
tion between the scanning electrode 33a on the thick layer
portion 40a and the scanning electrode 335 on the thin layer
portion 405, without considering the breaking of the elec-
trodes and defects in formation in the step portions.

[0169] The conductive material includes, for example, Al
(aluminum), Ta (tantalum), Cr (chromium), Ag (silver), ITO
(indium tin oxide), and IZO (indium zinc oxide). However,
the conductive material is not limited thereto, but any
material may be used as long as it can be formed or arranged
on the substrate with a thickness not affecting the cell gap of
a liquid crystal panel.

[0170] In addition, the other structures in which both ends
of the scanning electrodes are electrically connected to each
other at both sides of the display region and slits are
provided at positions corresponding to the step portions (first
inclined planes) between the thick layer portions and the thin
layer portions are the same as those in the first embodiment.

Fourth Embodiment

[0171] According to a fourth embodiment of the inven-
tion, there is provided a method of manufacturing the liquid
crystal display device according to the third embodiment.
The manufacturing method includes: forming a photosensi-
tive resin material layer on the first substrate; forming, to
adjust retardation of the reflective regions and the transmis-
sive regions, a layer-thickness adjusting layer which
includes thick layer portions that are arranged in the reflec-
tive regions; thin layer portions that are arranged in the
transmissive regions; and step portions that are formed, in
the display region, at boundaries between the thick layer
portions and the thin layer portions such that inclined planes
thereof are formed in the vertical direction; forming the first
electrodes on the layer-thickness adjusting layer so as to be
laid across the pixel rows and to extend outboard of the
display region; and arranging a conductive material so as to
be laid across portions of the first electrodes extending
outboard of the display region, the first electrodes being
formed in the reflective regions and the transmissive regions
in the same pixel row.

[0172] Hereinafter, the manufacturing method of the lig-
uid crystal display device according to the fourth embodi-
ment of the invention will be described with reference to
FIGS. 19A to 19E, centered on a manufacturing method of
a color filter substrate which is different from that of the
second embodiment. In addition, in this embodiment, a
description of the same components and manufacturing
processes as those in the second embodiment will be appro-
priately omitted.

1. Manufacturing Process of Color Filter Substrate
(1) Formation of Reflective Film, Colored Layer, and Light
Shielding Film

[0173] As shown in FIG. 19A, first, a reflective film 35, a
colored film 37, and a light shielding film 39 are formed on
a glass substrate 31 by the same method as that in the second
embodiment.
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(2) Formation of Layer-Thickness Adjusting Layer

[0174] Next, as shown in FIG. 19B, patterning is per-
formed by multiple exposure using a plurality of photo
masks having different patterns or by half-tone exposure
using a half-tone mask having partially different transmit-
tances, similar to the second embodiment, and then a devel-
oping process is performed by using a developing agent to
form a layer-thickness adjusting layer 40 including thick
layer portions 40a and thin layer portions 405 respectively
corresponding to reflective regions and transmissive regions.

[0175] According to this process, since inclined planes in
step portions between the thick layer portions and the thin
layer portions are formed in the vertical direction, it is
possible to decrease the width of the step portion, as viewed
in a direction perpendicular to the surface of the substrate,
and thus to reduce the area of a display defect region.
Therefore, it is possible to improve display characteristics,
such as contrast, of the manufactured liquid crystal display
device.

(3) Formation of Scanning Electrode and Conductive Mate-
rial

[0176] Next, as shown in FIG. 19C, scanning electrodes
33 are formed on the thick layer portions 40a and the thin
layer portions 405 of the layer-thickness adjusting layer 40,
similar to the second embodiment.

[0177] Then, as shown in FIG. 19D, a conductive material
140 is arranged outboard of the display region A for elec-
trically connecting scanning electrodes 33a on the thick
layer portions 40a to scanning electrodes 3354 on the thin
layer portions 405. For example, when an aluminum film is
used as the conductive material, the aluminum film can be
formed by the same method as that used for forming the
reflective film.

2. Other Processes

[0178] The other processes, such as an element substrate
manufacturing process, a bonding process, and a liquid
crystal injecting process, are the same as those in the second
embodiment, and thus a description thereof will be omitted.

Fifth Embodiment

[0179] According to a fifth embodiment, the transflective
liquid crystal display device of the first embodiment is
applied to an active matrix liquid crystal display device
using TFT (thin film transistor) elements, which are three-
terminal active elements, as switching elements.

[0180] FIG. 20A is a cross-sectional view of a liquid
crystal display device 210 according to the fifth embodi-
ment, and FIG. 20B is a plan view of the liquid crystal
display device 210. As shown in FIG. 20A, the liquid crystal
display device 210 is formed by bonding a counter substrate
230 to an element substrate 260 with a sealing member
interposed between the peripheral portions thereof, and by
injecting a liquid crystal material 221 into a gap surrounded
by the counter substrate 230, the element substrate 260, and
the sealing member.

[0181] Further, the counter substrate 230 is formed of, for
example, glass or plastic, and includes a colored layer 237,
serving as a color filter layer, counter electrodes 233 formed
on the colored layer 237, and an alignment film 245 formed
on the counter electrodes 233. In addition, a layer-thickness
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adjusting layer 240 for optimizing retardation is provided
between the counter electrode 233 and the colored layer 237
in each reflective region R.

[0182] The counter electrodes 233 are plane-shaped elec-
trodes formed of, for example, ITO on the entire surface of
the counter substrate 230. In addition, the colored layer 237
has R (red), G (green), and B (blue) or C (cyan), M
(magenta), and Y (yellow) filter elements formed at posi-
tions corresponding to pixel electrodes 263 on the element
substrate 260. Further, a black mask or a black matrix, that
is, a light shielding film 239 is provided at positions which
are adjacent to the colored layer 237 and are not opposite to
the pixel electrodes 263.

[0183] Furthermore, the element substrate 260 opposite to
the counter substrate 230 is formed of, for example, glass or
plastic, and includes TFT elements 269, which are active
elements serving as switching elements, and the pixel elec-
trodes 263 formed on the TFT elements 269 with a trans-
parent insulating film 280 interposed therebetween.

[0184] The pixel electrode 263 serves as a reflective film
295 (263a) for performing reflective display in the reflective
region R and serves as a transparent electrode 2635 made of,
for example, ITO in the transmissive region T. In addition,
the reflective film 295, serving as the pixel electrode 263a,
is formed of a reflective material such as Al (aluminum) or
Ag (silver). Further, an alignment film 285 is formed on the
pixel electrodes 263, and an alignment treatment, such as a
rubbing treatment, is performed on the alignment film 285.

[0185] Moreover, a retardation plate 247 is formed on an
outer surface of the counter substrate 230 (that is, the upper
side of FIG. 20A), and a polarizing plate 249 is formed
thereon. Similarly, a retardation plate 287 is formed on an
outer surface of the element substrate 260 (that is, the lower
side of FIG. 20A), and a polarizing plate 289 is formed
thereon. In addition, a backlight unit (not shown) is arranged
on the lower side of the element substrate 260.

[0186] Further, each TFT element 269 includes a gate
electrode 271 formed on the element substrate 260, a gate
insulating firm 272 formed on the gate electrode 271 in the
entire region of the element substrate 260, a semiconductor
layer 291 formed on the gate electrode 271 with the gate
insulating film 272 interposed therebetween, a source elec-
trode 273 formed on one side of the semiconductor layer 291
through a contact electrode 277, and a drain electrode 266
formed on the other side of the semiconductor layer 291
through the contact electrode 277.

[0187] The gate electrode 271 extends from a gate bus line
(not shown), and the source electrode 273 extends from a
source bus line (not shown). In addition, a plurality of gate
bus lines are formed parallel to each other in the horizontal
direction of the element substrate 260 at regular intervals in
the vertical direction thereof, and a plurality of source bus
lines are formed parallel to each other in the vertical
direction of the element substrate 260 at regular intervals in
the horizontal direction thereof so as to intersect the gate bus
lines with the gate insulating film 272 interposed therebe-
tween.

[0188] The gate bus lines are connected to a liquid crystal
driving IC (not shown) to serve as, for example, scanning
lines, and the source bus lines are connected to another
driving IC (not shown) to serve as, for example, signal lines.
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[0189] Further, each pixel electrode 263 is formed in a
region other than a portion of a square region partitioned by
the gate bus line and the source bus line intersecting with
each other which corresponds to the TFT element 269.

[0190] The gate bus lines and the gate electrodes can be
formed of, for example, chromium or tantalum. In addition,
the gate insulating film 272 is formed of, for example, a
silicon nitride (SiNx) or a silicon oxide (SiOx). The semi-
conductor layer 291 can be formed of, for example, doped
a-Si, polycrystalline silicon, or CdSe. Further, the contact
electrode 277 can be formed of, for example, a-Si, and the
source electrode 273, the source bus line integrally formed
with the source electrode, and the drain electrode 266 can be
formed of, for example, titanium, molybdenum, or alumi-
num.

[0191] Furthermore, an organic insulating film 280 is
formed on the entire surface of the element substrate 260 so
as to cover the gate bus lines, the source bus lines, and the
TFT elements 269. However, each contact hole 283 is
formed in a portion of the organic insulating film 280
corresponding to the drain electrode 266, and the pixel
electrode 263 and the drain electrode 266 of the TFT
element 269 are electrically connected to each other through
the contact hole 283.

[0192] Moreover, the organic insulating film 280 having
an uneven pattern composed of the arrangement of regular
or irregular convex and concave portions is formed as a
scattering shape in regions corresponding to the reflective
regions R. As a result, the reflective film 295 (263a) formed
on the organic insulating film 280 has a reflective pattern
composed of convex and concave portions in the same
manner as described above. However, the uneven pattern is
not formed in the transmissive regions T.

[0193] In the liquid crystal display device 210 having the
above-mentioned structure, when reflective display is per-
formed, external light, such as sunlight or illumination light,
is incident on the counter substrate 230 of the liquid crystal
display device 210, and passes through the colored layer 237
and a liquid crystal material 221 to reach the reflective film
295. Then, the light is reflected therefrom to pass through the
liquid crystal material 221 and the colored layer 237 again,
and is then emitted from the liquid crystal display device 210
to the outside, thereby performing reflective display.

[0194] On the other hand, when transmissive display is
performed, a backlight unit (not shown) is turned on to emit
light. Then, the light emitted from the backlight unit sequen-
tially passes through the transparent electrode 2634, the
colored layer 237, and the liquid crystal material 221 to be
emitted from a liquid crystal panel 220 to the outside,
thereby performing transmissive display.

[0195] Further, in the liquid crystal display device of this
embodiment, the reflective regions and the transmissive
regions are arranged in strip shapes in the display region so
as to be laid across pixel rows each composed of pixels
arranged in a given direction. As shown in FIG. 20A, the
counter substrate 230 is provided with the layer-thickness
adjusting layer 240 including thick layer portions 240a
arranged in the reflective regions and thin layer portions
2406 arranged in the transmissive regions, to adjust the
retardation of the reflective regions and the transmissive
regions.
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[0196] In the display region, the layer-thickness adjusting
layer 240 includes step portions in which inclined planes
217 formed at boundaries between the thick layer portions
240a and the thin layer portions 2404 are formed in the
vertical direction. In this way, it is possible to decrease the
width of the step portion as viewed in a direction perpen-
dicular to the surface of the substrate and to reduce the area
of a display defect region.

[0197] Further, as shown in FIGS. 21A and 21B, the
layer-thickness adjusting layer 240 includes relieving por-
tions 211 for reducing the step difference between the thick
layer portion and the thin layer portion outboard of the
display region, and an electrode 233a on the thick layer
portion and an electrode 2335 on the thin layer portion are
electrically connected to each other on each relieving por-
tion 211. Therefore, electrical connection is ensured between
the electrodes. Alternately, the electrodes on the thick layer
portions and the electrodes on the thin layer portions extend
outboard of the display region, and a conductive material is
arranged so as to be laid across these electrodes, thereby
securing the electrical connection therebetween. Therefore,
in the display region, even when a steep step portion is
formed at the boundary between the thick layer portion and
thin layer portion and thus defective electrodes may be
formed in the step portion, the electrical connection between
the electrodes can be ensured outboard of the display region,
which makes it possible to prevent errors in operation due to
the breaking of the electrodes.

[0198] Thus, it is possible to decrease the area of a display
defect region and to optimize retardation, which makes it
possible to achieve a liquid crystal display device having
good display characteristics.

[0199] FIG. 21A is a plan view of the counter substrate
having the above-mentioned structure, and FIG. 21B is a
cross-sectional view of the counter substrate. In the counter
substrate 230 of the liquid crystal display device according
to this embodiment, plane-shaped electrodes 233 are pro-
vided on the layer-thickness adjusting layer 240, so that
defects in formation, such as breaking of electrodes, may
occur in the step portions between the thick layer portions
and the thin layer portions of the layer-thickness adjusting
layer 240 in the display region. However, the electrical
connection between all plane-shaped electrodes 233 is
ensured outboard of the display region by the relieving
portions 211 or the conductive material, and thus it is
possible to prevent errors in operation due to the breaking of
the electrodes and to reduce the area of a display defect
region caused by the step difference between the thick layer
portion and the thin layer portion.

[0200] Therefore, it is possible to improve display char-
acteristics of a liquid crystal display device having TFT
elements.

Sixth Embodiment

[0201] According to a sixth embodiment, an electronic
apparatus having the liquid crystal display device according
to any one of the first, third, and fifth embodiments will be
described in detail.

[0202] FIG. 22 is a block diagram schematically illustrat-
ing the overall structure of an electronic apparatus according
to this embodiment. The electronic apparatus includes a
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liquid crystal panel 20 included in a liquid crystal display
device and a control unit 200 for controlling the liquid
crystal panel 20. In FIG. 22, the liquid crystal panel 20 is
conceptually divided into a panel structure 20a and a driving
circuit 205 including, for example, a semiconductor device
(IC). In addition, the control unit 200 preferably includes a
display information output source 201, a display processing
circuit 202, a power source circuit 203, and a timing
generator 204.

[0203] The display information output source 201
includes a memory, such as a read only memory (ROM) or
a random access memory (RAM), a storage unit, such as a
magnetic recording disc or an optical recording disc, and a
tuning circuit for synchronously outputting digital image
signals, and supplies display information to the display
processing circuit 202 in the form of an image signal having
a predetermined format, on the basis of various clock signals
generated by the timing generator 204.

[0204] The display processing circuit 202 includes various
well-known circuits, such as a serial-parallel conversion
circuit, an amplification/inversion circuit, a rotation circuit,
a gamma correction circuit, and a clamp circuit, and pro-
cesses input display information to supply the image infor-
mation to the driving circuit 205 together with a clock signal
CLK. In addition, the driving circuit 205 preferably includes
a first electrode driving circuit, a second electrode driving
circuit, and a test circuit. The power source circuit 203
supplies a predetermined voltage to the above-described
components.

[0205] Therefore, the electronic apparatus of this embodi-
ment is provided with the liquid crystal display device in
which the inclined planes in the step portions between the
thick layer portions and the thin layer portions, which
constitute a multi-gap structure, are formed in the vertical
direction in the display region, and the electrical connection
between the electrodes formed on the thick layer portions
and the thin layer portions is ensured outboard of the display
region. Thus, it is possible to achieve an electronic apparatus
capable of displaying an image with good display charac-
teristics.

[0206] As described above, according to the invention, the
inclined planes in the step portions between the thick layer
portions and the thin layer portions, which constitute a
multi-gap structure, are formed in the vertical direction in
the display region, and the electrical connection between the
electrodes formed on the thick layer portions and the thin
layer portions is ensured outboard of the display region,
which makes it possible to reduce errors in operation and to
decrease the area of a display defect region. As a result, it is
possible to improve display characteristics of a liquid crystal
display device. Thus, the invention can be applied to, for
example, a cellular phone, a personal computer, a liquid
crystal television set, a viewfinder-type and monitor-direct-
view type videotape recorder, a car navigation apparatus, a
pager, an electronic organizer, an electronic calculator, a
word processor, a work station, a television phone, a POS
terminal, and electronic apparatuses equipped with a touch
panel.

What is claimed is:
1. A transflective liquid crystal display device comprising:

a first substrate;
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a second substrate;

a liquid crystal material interposed between the first
substrate and the second substrate;

a display region including a plurality of pixels each
having a reflective region and a transmissive region;

a layer-thickness adjusting layer provided on the first
substrate, the layer-thickness adjusting layer including:

a thick layer portion corresponding to the reflective
regions, the thick layer portion being strip shaped
and spanning across a pixel row including the pixels
arranged in a predetermined direction;

a step portion formed proximate a boundary between
each corresponding reflective region and transmis-
sive region in the display region; and

a gradual reduction portion formed outboard of the
display region, the gradual reduction portion reduc-
ing a step difference between each corresponding
reflective region and transmissive region;

an electrode formed at the reflective regions and the
transmissive regions, the electrode spanning across the
pixel row and extending outboard of the display region;

a first portion extending outboard of the display region,
the first portion extending from a portion of the elec-
trode that corresponds to the reflective regions in the
pixel row; and

a second portion extending outboard of the display region,
the second portion extending from another portion of
the electrode that corresponds to the transmissive
regions in the pixel row;

wherein the first portion and the second portion corre-
spond to same pixel row, and connect to each other
through the gradual reduction portion.
2. The transflective liquid crystal display device accord-
ing to claim 1,

wherein the gradual reduction portion includes an inclined
plane that is slanted at an angle smaller than an angle
of inclination of the step portion.
3. The transflective liquid crystal display device accord-
ing to claim 1,

wherein the gradual reduction portion includes a plurality
of step portions that reduce a step difference between
each corresponding reflective region and transmissive
region.

4. A transflective liquid crystal display device comprising:

a first substrate;
a second substrate;

a liquid crystal material interposed between the first
substrate and the second substrate;

a display region including a plurality of pixels each
having a reflective region and a transmissive region;

a layer-thickness adjusting layer provided on the first
substrate, the layer-thickness adjusting layer including:

a thick layer portion corresponding to the reflective
regions, the thick layer portion being strip shaped
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and spanning across a pixel row including the pixels
arranged in a predetermined direction;

a step portion formed proximate a boundary between
each corresponding reflective region and transmis-
sive region in the display region; and

a gradual reduction portion formed outboard of the
display region, the gradual reduction portion reduc-
ing a step difference between each corresponding
reflective region and transmissive region;

an electrode formed at the reflective regions and the
transmissive regions, the electrode spanning across the
pixel row and extending outboard of the display region;

a first portion extending outboard of the display region,
the first portion extending from a portion of the elec-
trode that corresponds to the reflective regions in the
pixel row; and

a second portion extending outboard of the display region,
the second portion extending from another portion of
the electrode that corresponds to the transmissive
regions in the pixel row; and

a conductive material arranged to span across the first
portion and the second portion.
5. The transflective liquid crystal display device accord-
ing to claim 1,

wherein, in the display region, an angle of inclination of
the step portion is in a range of 60° to 90°.
6. The transflective liquid crystal display device accord-
ing to claim 1,

wherein the portion of the electrode that corresponds to
the reflective regions and the portion of the electrode
that corresponds to the transmissive regions are elec-
trically connected to each other at both sides of the
display region.
7. The transflective liquid crystal display device accord-
ing to claim 1,

wherein the electrode has a slit on the step portion in each
pixel.
8. The transflective liquid crystal display device accord-
ing to claim 1,

wherein the second substrate further comprises an ele-
ment substrate having at least one of TFD and TFT
elements.

9. A method of manufacturing a transflective liquid crystal
display device that includes a first substrate; a second
substrate; a liquid crystal material that is interposed between
the first substrate and the second substrate; and a display
region that includes a plurality of pixels each having a
reflective region and a transmissive region; the method
comprising:

forming a photosensitive resin material layer on the first
substrate;

forming a layer-thickness adjusting layer that includes:

a thick layer portion corresponding to the reflective
regions, the thick layer portion being strip shaped
and spanning across a pixel row including the pixels
arranged in a predetermined direction;
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a step portion formed proximate a boundary between
each corresponding reflective region and transmis-
sive region in the display region; and

a gradual reduction portion formed outboard of the
display region, the gradual reduction portion reduc-
ing a step difference between each corresponding
reflective region and transmissive region;

forming an electrode at the reflective regions and the
transmissive regions, the electrode spanning across the
pixel row and extending outboard of the display region,
the electrode including:

a first portion extending outboard of the display region,
the first portion extending from a portion of the
electrode that corresponds to the reflective regions in
the pixel row, and

a second portion extending outboard of the display
region, the second portion extending from another
portion of the electrode that corresponds to the
transmissive regions in the pixel row,

wherein the first portion and the second portion are
connected to each other through the gradual reduc-
tion portion.

10. A method of manufacturing a transflective liquid
crystal display device which includes a first substrate; a
second substrate; a liquid crystal material that is interposed
between the first substrate and the second substrate; and a
display region that includes a plurality of pixels each having
a reflective region and a transmissive region; the method
comprising:

forming a photosensitive resin material layer on the first
substrate;

17
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forming a layer-thickness adjusting layer that includes:

a thick layer portion corresponding to the reflective
regions, the thick layer portion being strip shaped
and spanning across a pixel row including the pixels
arranged in a predetermined direction;

a step portion formed proximate a boundary between
each corresponding reflective region and transmis-
sive region in the display region; and

a gradual reduction portion formed outboard of the
display region, the gradual reduction portion reduc-
ing a step difference between each corresponding
reflective region and transmissive region;

forming an electrode at the reflective regions and the

transmissive regions, the electrode spanning across the
pixel row and extending outboard of the display region;
and

arranging a conductive material to span across a first

portion and a second portion of the electrode, the first
portion extending outboard of the display region, the
first portion extending from a portion of the electrode
that corresponds to the reflective regions in the pixel
row, the second portion extending outboard of the
display region, the second portion extending from
another portion of the electrode that corresponds to the
transmissive regions in the pixel row.

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