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(7 ABSTRACT

A liquid crystal display device is provided having excellent
contrast and an electronic apparatus using the same, includ-
ing a first substrate having first wiring patterns thereon; a
second substrate having second wiring patterns thereon,
wherein the second wiring patterns are placed opposite to
the first wiring pattern; and a liquid crystal material inter-
posed between the first substrate and the second substrate,
wherein a step is arranged in the liquid crystal display
device, and wherein a formation position of a gap between
the adjacent first wiring patterns or between the adjacent
second wiring patterns and a formation position of the steps
which directly or indirectly contact with the liquid crystal
material, match.
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

RELATED APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application Nos. 2004-019731 filed Jan. 28, 2004 and
2004-318806 filed Nov. 2, 2004 which are hereby expressly
incorporated by reference herein in their entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid crystal

display device and an electronic apparatus comprising the
liquid crystal display device, and more specifically, to a
liquid crystal display device having an excellent contrast and
to an electronic apparatus comprising the liquid crystal
display device.

[0004] 2. Related Art

[0005] Conventionally, liquid crystal display devices com-
prising a first substrate having first wiring patterns, a second
substrate having second wiring patterns, a scalant arranged
along peripheries of the first and second substrates to adhere
the first and second substrates, and a liquid crystal material
interposed between the first and second substrates have been
widely used.

[0006] Specifically, in such widely used liquid crystal
display devices, a plurality of pixels formed at a region
where the first wiring patterns formed on the first substrate
serving as one substrate and the second wiring patterns
formed on the second substrate serving as the other substrate
intersect perpendicularly are arranged in a dot matrix, and
light transmitted through the liquid crystal material of the
pixels is demodulated by turning on and off a voltage applied
to the pixels so that images such as characters are displayed
by using a polarization plate.

[0007] In addition, as shown in FIG. 21, a so-called
multiple gaps liquid crystal display device 700 has been
proposed to realize a superior color display with suitable
retardation in both reflection and transmission modes (for
example, see Japanese Unexamined Patent Application Pub-
lication No. 2003-248221). More specifically, the liquid
crystal display device 700 has multiple gaps, and is config-
ured such that the surface of a liquid crystal layer 730 in the
region corresponding to a light reflecting portion 712 of a
transflective layer protrudes more than a surface of a liquid
crystal layer 730 in the region corresponding to a light
transmitting portion 717 of the transflective layer.

[0008] However, the liquid crystal display device dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2003-248221 does not take into account the
position of a step caused by the multiple gaps formed to
adjust the retardation and the position of gaps between the
first wiring patterns or between the second wiring patterns.
Moreover, due to the misalignment, the steps are formed
even in the middle of the wiring patterns such that an
alignment defects in the pixels is readily noticeable, and the
contrast becomes low.

[0009] Specifically, as schematically indicated by FIG.
6(b), the above-mentioned liquid crystal display device has
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a problem in that an area in which the alignment defects is
noticeable in the pixel is relatively large.

SUMMARY

[0010] Therefore, according to the present invention, a
step formation position in a liquid crystal display device and
a gap formation position between the adjacent wiring pat-
terns match each other, so that the alignment defects and
defect noticeability caused by the step can be reduced. As a
result, a liquid crystal material having an improved contrast
can be obtained.

[0011] Specifically, an object of the present invention is to
provide a liquid crystal display device having an excellent
contrast and an electronic apparatus comprising the same, by
reducing the alignment defects of the liquid crystal material
or the defect noticeability due to the steps arranged in the
liquid crystal display device (in the cell), which directly or
indirectly contact the liquid crystal material.

[0012] According to an aspect of the present invention,
there is provided a liquid crystal display device comprising:
a first substrate having first wiring patterns thereon; a second
substrate having second wiring patterns thereon, wherein the
second wiring patterns are placed opposite to the first wiring
pattern; and a liquid crystal material interposed between the
first substrate and the second substrate, wherein a gap is
formed between the adjacent first wiring patterns and the
adjacent second wiring patterns, wherein a gap is an elec-
trical insulating region, wherein a step is formed on the first
or second substrate, and wherein the gap is formed at a
position matching a formation position of the steps which
directly or indirectly contact the liquid crystal material, and
the above-mentioned problems can be solved.

[0013] With the above liquid crystal display device, the
formation position of the step arranged in the liquid crystal
display device which directly or indirectly contacts the
liquid crystal material and the formation position of the gap
between the adjacent first wiring patterns and between the
adjacent second wiring patterns match each other, so that the
alignment defects of the liquid crystal material due to the
step can be effectively reduced, or even when the alignment
defects of the liquid crystal material is provided due to the
step, noticeability of alignment defects formed on an image
screen can be reduced.

[0014] In addition, the first wiring patterns or the second
wiring patterns typically refer to a plurality of electrodes
patterned on the respective substrates. Therefore, for the
active matrix liquid crystal display device having a TFD
device, the first wiring pattern refers to a scanning electrode
and the second wiring patterns refer to pixel electrodes.
Further, a gap between the adjacent wiring patterns refers to
an electrical insulating region interposed between the adja-
cent electrodes for the respective first wiring patterns and
second wiring patterns.

[0015] Moreover, since a certain degree of improvement
in contrast can be achieved, the step formation position and
the gap formation position need not perfectly match, but
may partially match in a longitudinal direction or width
direction of the wiring pattern.

[0016] In other words, by matching an entire predeter-
mined step formed in one pixel to the gap between the
adjacent wiring patterns, the alignment defects or the defect
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noticeability caused by the predetermined step can be
reduced. However, by matching part of the predetermined
step formed in one pixel to the gap between the adjacent
wiring patterns, the alignment defects or the defect notice-
ability due to the predetermined step can be reduced while
preventing the pixel area from being excessively reduced.

[0017] In addition, in the liquid crystal display device of
the present invention, the insulating gap is preferably slit
shaped.

[0018] In other words, with the slit-type gap, the gaps are
easily formed according to the steps, and the alignment
defects and defect noticeability due to the step can be
reduced while preventing the pixel area from being exces-
sively reduced. In addition, since the gap is in a slip-type, the
gap easily matches the step and a certain degree of insulating
property of the gap can be reliably obtained.

[0019] In addition, in the liquid crystal display device of
the present invention, the width of the step is preferably the
same as the width of the gap.

[0020] In other words, since the width of the step and the
width of the gap between the adjacent wiring patterns are the
same, the alignment defects and defect noticeability due to
the step can be reduced, while preventing the pixel area from
being excessively reduced.

[0021] In addition, in the liquid crystal display device of
the present invention, the width of the step may be smaller
than the width of the gap.

[0022] Inother words, by associating the width of the step
with the width of the gap between the adjacent wiring
patterns as described above, the alignment defects and defect
noticeability due to the step can be reduced.

[0023] Here, the width of the step refers to the width of a
region comprising an upper portion and a lower portion of
the step when the substrate is seen in a vertical direction.

[0024] In addition, in the liquid crystal display device of
the present invention, the width of the gap may be smaller
than the width of the step.

[0025] Inother words, by associating the width of the step
and the width of the gap between the adjacent wiring
patterns as described above, the alignment defects and defect
noticeability due to the step can be reduced, while prevent-
ing the pixel area from being excessively reduced.

[0026] In addition, in the liquid crystal display device of
the present invention, the width of the gap is preferably 1-50

Hm.

[0027] In other words, with a predetermined range of the
gap between the adjacent wiring patterns, the alignment
defects and defect noticeability can be reduced in the pixel.
As a result, the liquid crystal display device having an
excellent contrast can be provided.

[0028] In addition, in the liquid crystal display device of
the present invention, the step may comprise a slope portion.

[0029] In other words, with the slope portion, e.g., a
tapered step, the gap between the adjacent wiring patterns
for the first wiring patterns or the second wiring patterns can
be accurately formed so that the formation position of the
step can accurately match.
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[0030] In addition, in the liquid crystal display device of
the present invention, the steps may be formed due to a
multiple gaps formed for adjusting retardation.

[0031] In other words, with the multiple gaps for retarda-
tion, the alignment defect due to the step formed can be
relatively reduced so that the liquid crystal display device
having an excellent contrast can be provided.

[0032] In addition, in the liquid crystal display device of
the present invention, the steps may be formed due to a light
shielding layer.

[0033] In other words, by superposing the light shiclding
layer, the alignment defect due to the step formed in the
pixel can be relatively reduced so that the liquid crystal
display device having an excellent contrast can be provided.

[0034] In addition, in the liquid crystal display device of
the present invention, the step may be formed due to an
alignment protrusion formed for alignment control.

[0035] In other words, the alignment defect due to the step
formed in the case of forming the alignment protrusion for
alignment control can be relatively reduced so that the liquid
crystal display device having an excellent contrast can be
provided.

[0036] In addition, in the liquid crystal display device of
the present invention, the steps may be formed due to an
interlayer insulating layer.

[0037] Inother words, the alignment defect due to the step
formed by the interlayer insulating layer can be relatively
reduced so that the liquid crystal display device having an
excellent contrast can be provided.

[0038] In addition, in the liquid crystal display device of
the present invention, the step may be formed due to a photo
spacer.

[0039] In other words, with the photo spacer, the align-
ment defect due to the step formed in the pixel can be
relatively reduced so that the liquid crystal display device
having an excellent contrast can be provided.

[0040] In addition, in the liquid crystal display device of
the present invention, the steps may be formed due to a
reflective scattering layer.

[0041] In other words, with the reflective scattering layer,
the alignment defect or the reflective scattering defect due to
the step formed in the pixel can be relatively reduced so that
the liquid crystal display device having an excellent contrast
can be provided.

[0042] In addition, in the liquid crystal display device of
the present invention, the steps may comprise an upper flat
portion, a slope portion, and a lower flat portion, and one
edge of the gaps may be arranged on the upper flat portion
of the steps, and the other edge of the gaps may be arranged
on the lower flat portion of the steps.

[0043] In other words, with the above arrangement, the
wiring patterns are not arranged on a position corresponding
to the predetermined step, so that the alignment defect and
defect noticeability of the liquid crystal material due to the
related step can be reduced. As a result, the liquid crystal
display device having an excellent contrast can be provided.



US 2005/0162597 Al

[0044] In addition, in the liquid crystal display device of
the present invention, the steps may comprise an upper flat
portion, a slope portion, and a lower flat portion, and one
edge of the gaps may be arranged on an upper part of the
slope portion of the steps, and the other edge of the gaps may
be arranged on the lower flat portion of the steps.

[0045] In other words, with the above arrangement, the
wiring patterns arranged on the positions corresponding to
the predetermined step can be reduced, so that the alignment
defect and defect noticeability of the liquid crystal material
can be reduced. In addition, the liquid crystal display device
capable of displaying a bright screen can be provided since
the reduction of the pixel area is prevented.

[0046] In addition, in the liquid crystal display device of
the present invention, the steps may comprise an upper flat.
portion, a. slope portion, and a lower flat portion, and one
edge of the gaps may be arranged on an upper flat portion of
the steps, and the other edge of the gaps may be arranged on
a lower part of the slope portion of the steps.

[0047] In other words, with the above arrangement, the
wiring patterns arranged on the positions corresponding to
the predetermined step can be reduced, so that the alignment
defect and defect noticeability of the liquid crystal material
can be reduced. In addition, the liquid crystal display device
capable of displaying a bright screen can be provided since
the reduction of the pixel area is prevented.

[0048] In addition, in the liquid crystal display device of
the present invention, the steps may comprise an upper flat
portion, a slope portion, and a lower flat portion, and one
edge of the gaps may be arranged on an upper part of the
slope portion of the steps, and the other edge of the gaps may
be arranged on a lower part of the slope portion of the steps.

[0049] With the above arrangement, by reducing the wir-
ing patterns arranged on the positions corresponding to the
predetermined step so that the alignment defect and defect
noticeability of the liquid crystal material can be reduced. In
addition, the liquid crystal display device capable of dis-
playing a bright screen can be provided since the pixel area
can become as large as possible.

[0050] In addition, in the liquid crystal display device of
the present invention, for any one edge of the gaps, the edge
arranged on the upper flat portion or the lower flat portion of
the steps may match a boundary between the upper flat
portion and the slope portion, or a boundary between the
lower flat portion and the slope portion.

[0051] With the above arrangement, the gap between the
adjacent wiring patterns can be prevented from being exces-
sively increased in obtaining a pixel area so that the bright-
ness of the displayed image is not degraded.

[0052] In addition, in the liquid crystal display device of
the present invention, the first substrate may be a color filter
substrate having a color filter, and the second substrate may
be a switching substrate having a switching device.

[0053] With the above arrangement, the liquid crystal
display device capable of recognizing a color image with a
fast response speed and contrast can be provided.

[0054] In another aspect of the present invention, there is
provided an electronic apparatus comprising at least one of
the above-mentioned liquid crystal display devices.
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[0055] In other words, the alignment defect and defect
noticeability in the pixel can be reduced so that the elec-
tronic apparatus having the liquid crystal display device
having an excellent contrast can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1 is a schematic perspective view showing a
liquid crystal panel comprising a liquid crystal display
device according to a first embodiment of the present
invention;

[0057] FIG. 2 is a schematic cross sectional view showing
a liquid crystal display. device according to the first embodi-
ment of the present invention,

[0058] FIG. 3(a) is a schematic plan view showing a first
substrate of a liquid crystal display device, and FIG. 3(b) is
aschematic plan view showing a second substrate of a liquid
crystal display device,

[0059] FIG. 4 is a diagram for illustrating an arrangement
of a TFD device;

[0060] FIG. 5 is a diagram for illustrating a step formed
due to multiple gaps;

[0061] FIGS. 6(a) and 6(b) are diagrams for illustrating
the improved recognition ratio of alignment defects;

[0062] FIGS. 7(a) to 7(c) are diagrams for illustrating a
relation between the width of a step and the width of a gap
between wiring patterns;

[0063] FIG. 8 is a diagram for illustrating a step formed
due to a light shielding layer;

[0064] FIG. 9 is a diagram for illustrating a step formed
due to an alignment protrusion;

[0065] FIG. 10 is a diagram for illustrating a step formed
due to an interlayer insulating layer;

[0066] FIG. 11 is a diagram for illustrating a step formed
due to a photo spacer;

[0067] FIG. 12 is a diagram for illustrating a step formed
due to a reflective scattering layer;

[0068] FIGS. 13(e) to 13(d) are cross sectional views
showing a manufacturing process for forming a first sub-
strate;

[0069] FIGS. 14(e) to 14(d) are cross sectional views
showing a manufacturing process for forming a second
substrate;

[0070] FIGS. 15(z) to 15(¢) are cross sectional views
showing a continued manufacturing process for forming a
second substrate;

[0071] FIGS. 16(a) to 16(d) are schematic cross sectional
views showing a first substrate according to the second
embodiment of the present invention;

[0072] FIGS. 17(e) to 17(c) are diagrams showing an
example in which a boundary of a flat portion and a slope
portion of the step match an edge of the gap;

[0073] FIG. 18 is a schematic diagram showing a liquid
crystal panel according to a third embodiment of the present
invention;
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[0074] FIG. 19 is a diagram for illustrating an arrange-
ment of a THT device;

[0075] FIG. 20 is a schematic block diagram showing an
arrangement of an electronic apparatus according to the
embodiments of the present invention; and

[0076] FIG. 21 is a diagram for illustrating a step of the
conventional liquid crystal display device.

DETAILED DESCRIPTION

[0077] A liquid crystal display device and an electronic
apparatus comprising the liquid crystal display device
according to exemplary embodiments of the present inven-
tion will now be described with reference to the attached
drawings.

[0078] However, the exemplary embodiments are just
illustrative: the invention is not limited thereto, and any
modification can be made within the scope of the present
invention.

[0079]

[0080] According to the first embodiment of the present
invention, a liquid crystal display device comprises a pair of
substrates including a first substrate having first wiring
patterns and a second substrate, which is opposite to the first
substrate, having second wiring patterns, and a liquid crystal
material interposed between the first substrate and the sec-
ond substrate. In addition, gaps, which are an electrical
insulating region, are formed between the adjacent first
wiring patterns and between the adjacent second wiring
patterns. Here, a step is formed on the first or second
substrate. In addition, the gap is formed at a position
matching the formation position of the steps which directly
or indirectly contact with the liquid crystal material.

[0081] Specifically, the formation position of the step
arranged in the liquid crystal display device and directly or
indirectly contacts the liquid crystal material matches the
formation position of the gap, which is an insulating region,
between the adjacent first wiring patterns or the adjacent
second wiring patterns.

First Embodiment

[0082] Therefore, with the above-mentioned liquid crystal
display device, the alignment defect of the liquid crystal
material due to a step caused by multiple gaps arranged in
the liquid crystal display device, such as an alignment
protrusion for alignment control, an interlayer insulating
layer, a photo spacer, a reflective scattering layer, or an
organic or inorganic layer can be reduced. Accordingly, the
degradation of the contrast of the liquid crystal display
device can be prevented.

[0083] The liquid crystal display device according to the
first embodiment of the present invention will now be
described with reference to FIGS. 1 to 12 in the context of
a liquid crystal display device comprising a first substrate
(also referred to as a color filter substrate) having scanning
electrodes as first wiring patterns, and a second substrate
(also referred to as a device substrate) having pixel elec-
trodes as second wiring patterns and a TFD (thin layer
diode) device.

[0084] However, the present invention is not limited
thereto: an active matrix liquid crystal display device using
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anonlinear device such as a thin film transistor (TFT) device
or a passive matrix liquid crystal display device can also be
used.

[0085] 1. Basic Construction of Liquid Crystal Display
Device

[0086] First, the basic construction of the liquid crystal
display device according to the first embodiment of the
present invention, i.e., a liquid crystal panel or a wiring
pattern or a retardation layer, and a polarization plate will be
specifically described with reference to FIGS. 1 and 2.

[0087] Here, FIG. 1 is a schematic perspective view
showing a liquid crystal panel 200 comprising a liquid
crystal display device according to the first embodiment of
the present invention, and FIG. 2 is a schematic cross
sectional view of the liquid crystal panel 200. For the sake
of convenience of illustration, a first substrate 12 is arranged
at an upper side and a second substrate 14 is arranged at a
lower side.

[0088] In addition, the liquid crystal panel 200 shown in
FIG. 1 is in an active matrix type having TFD devices, as
described above, and may further comprise a lighting appa-
ratus such as a backlight or a front light and a case body, if
needed.

[0089]

[0090] As shown in FIG. 1, in the liquid crystal panel
display 200, the first substrate 12 using a first glass substrate
13 as a base body is adhered to the second substrate 14 using
a second glass substrate 27 as a base body, by interposing
adhesives, such as a sealant 230, therebetween. In addition,
a cell is arranged such that a liquid crystal is injected into the
sealant 230 via an opening 230« into a space enclosed by the
first substrate 12 and the second substrate 14, and is sealed
with a sealing material 231. In other words, as shown in
FIG. 2, a liquid crystal material 232 is preferably filled and
sealed between the first substrate 12 and the second substrate

(1) Cell Structure

14.
[0091] (2) Line Pattern
[0092] As shown in FIG. 1, a plurality of scanning elec-

trodes 19 are formed on the first glass substrate 13 as first
wiring patterns. In addition, data lines 26, TFD devices 31,
scroll lines 28 as well as pixel electrodes 20 are formed as
the second wiring patterns on the inner surface of the second
glass substrate 27. Further, a region where the scanning
electrodes 19 serving as the first wiring patterns and the
pixel electrodes 20 serving as the second wiring patterns are
overlapped in plan view to form in a matrix, constituting a
liquid crystal display device region A as a whole.

[0093] As shown in FIG. 1, preferably, the second sub-
strate 14 has a substrate extension part 14T extending
outwardly more than the first substrate 12, and data lines 26
or an input terminal unit (external connection terminal) 219
are formed on the substrate extension part 14T.

[0094] In addition, a semiconductor device (IC) 261 with
an embedded liquid crystal driving circuit is preferably
mounted on the substrate extension part 14T such that the
components are conductively connected to the data lines 26
and the input terminal unit (external connection terminal)
219.
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[0095] Moreover, a flexible line substrate 110 is preferably
mounted on the end of the substrate extension part 14T so as
to be conductively connected to the input terminal unit
(external connection terminal) 219.

[0096]

[0097] In the liquid crystal panel 200 shown in FIG. 1, a
retardation layer (% wavelength layer) 250 and a polariza-
tion plate 251 are arranged at a predetermined position of the
first substrate 12, as shown in the cross-sectional view of
FIG. 2. In addition, a retardation layer (% wavelength layer)
240 and a polarization plate 241 are also arranged on the
outer surface of the second substrate 14. In other words, the
phases of incident light into the liquid crystal panel 200 and
the transmission light therefrom are respectively adjusted by
the retardation layers (% wavelength layers) 250 and 240
and polarization plates 251 and 241, thereby displaying
sharp images.

[0098]

(3) Retardation Layer and Polarization Plate

(4) Liquid Crystal Material

[0099] In addition, the liquid crystal display device
according to the present invention may be a normally black
mode using a vertically aligned liquid crystal material, or
may be a normally white mode. In either case, as described
later, the formation position of the predetermined step
matches the formation position of the gap between the
adjacent wiring patterns. Therefore, the alignment defect of
the liquid crystal material can be reduced, and even when the
alignment defect of the liquid crystal material is generated
due to the step, the alignment defect region may not be
noticeable due to the gap between the wiring patterns.

[0100] 2. First Substrate

[0101] (1) Basic Construction

[0102] As shown in FIG. 2, it is desirable that the first
substrate 12 largely comprise the first glass substrate 13, a
colored layer 16, a light shielding layer 16, and scanning
electrodes 19 as the first wiring patterns.

[0103] In addition, for the first substrate 12, when the
reflection is required, for example, for a transflective liquid
crystal display device used in an apparatus such as a cellular
phone, a reflection layer (a transflective layer) 212 is inter-
posed between the first glass substrate 13 and the colored
layer 16, as shown in FIG. 2.

[0104] Moreover, as shown in FIG. 2, the colored layer 16
is formed for each pixel in the first substrate 12, and is
covered with a planarization layer (surface protection layer
or overcoat layer) 215 made of transparent resin, such as
acrylic resin or epoxy resin. Likewise, a color filter having
the colored layer 16 and the planarization layer (surface
protective layer) 215 is formed. Furthermore, an insulating
layer (not shown) may be arranged to improve the insulating
properties.

[0105] In addition, although the colored layer 16 is
arranged on the first glass substrate 13 in an example of the
liquid crystal display device according to the first embodi-
ment of the present invention, the colored layer may be
arranged on the second glass substrate 14 as described
below.
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[0106] (2) Colored Layer

[0107] In addition, the colored layer 16 shown in FIG. 2
generally contains a coloring material such as pigment or
dye dispersed into a transparent material to represent a
predetermined color. As an example of a color of the colored
layer, there is a primary color filter comprising three color
components including R (red), G (green), and B (blue).
However, the present invention is not limited thereto, and a
complementary color system such as Y (yellow), M
(magenta), and C (cyan), or various other colors can be used.

[0108] For the coloring layer, a color resist made of
photosensitive resin comprising coloring material such as
pigment or dye is typically applied on the surface of the
substrate, and an unnecessary portion is removed through
photolithography (etching) to form the colored layer having
a predetermined color pattern. In addition, in order to form
the colored layer having a plurality of color components, the
process is repeatedly performed.

[0109] In addition, the arrangement pattern of the colored
layer may be a stripe, but it may employ various other shapes
such as a mosaic or delta arrangement.

[0110] (3) Light Shielding Layer

[0111] In addition, a light shielding layer (also referred to
as a black matrix) 18 is preferably formed at a pixel region

between pixels of the colored layer 16 for each pixel, as
shown in FIG. 2.

[0112] The light shielding layer 18 may use, for example,
three coloring materials including R (red) component, G
(green) component, and B (blue) component all dispersed
into the base substance other than the resin, or black pigment
or dye dispersed into the base substance other than the resin.
In addition, since an excellent shielding effect can be
obtained without black material such as carbon, three layers
of R (red), G (green), and B (blue) may be provided using
color addition.

[0113] (4) Reflection Layer

[0114] In addition, a reflection layer 212 is preferably
formed on the surface of the first glass substrate 13, as
shown in FIG. 2. The reflection layer 212 is preferably made
of a metal thin layer containing at least one of Al, Al alloy,
Cr, Cr alloy, Ag, and Ag alloy. In addition, each pixel are
preferably provided with a reflecting portion 2126 having a
reflection face and a transmission part 212¢. In other words,
in the transflective liquid crystal display device, the region
corresponding to the transmission part 212« displays images
in a transmission mode, and the region corresponding to the
reflecting portion 2125 display images in a reflection mode.

[0115] (5) Reflective Scattering Layer

[0116] Further, as shown in FIG. 2, a reflective scattering
layer 17 is preferably formed below the reflecting portion
212b of the first glass substrate to prevent specular reflection
of the reflection layer 212. The reflective scattering layer 17
may be formed using a photosensitive resin having polyim-
ide resin, epoxy resin, acrylic resin, urethan resin, polyester
resin, polyolefin resin, or phenol novolac resin as a primary
component.

[0117] (6) First Wiring Pattern (Scanning Electrode)

[0118] Further, as shown in FIG. 2, scanning electrodes 19
are formed on the planarization layer 215 as first wiring
patterns made of a transparent conductive material, such as
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ITO (Indium Tin oxide). In other words, the scanning
electrodes 19 are preferably arranged in the form of strips by
placing a plurality of transparent electrodes in parallel.

[0119] In addition, the thickness of the scanning electrode
layer 1s preferably 100 to 200 um, and more preferably, 120
to 170 um. This is because the electrical resistance exces-
sively increases when the thickness of the scanning elec-
trode layer is less than 100 ym. Further, when the thickness
of the scanning electrode layer exceeds 200 um, the gap of
the cell may become irregular or it may be difficult to obtain
a thin layer in the liquid crystal display device.

[0120] Inaddition, when the step is formed in the scanning
electrode, the height difference of the step is preferably 5 um
or less to prevent the scanning electrode in the step from
becoming disconnected.

[0121]

[0122] In addition, as shown in FIG. 2, a first alignment
layer 217 made of polyimide resin is preferably formed on
the scanning electrode 19.

[0123] This is because the liquid crystal material 232 may
be easily aligned by applying the voltage, by forming such
a first alignment layer 217 in the case where the color filter
substrate 12 is used for a liquid crystal display device.

(7) Alignment Layer

[0124] 3. Second Substrate
[0125] Basic Construction
[0126] As shown in FIGS. 1 and 2, the second substrate

14 largely comprises the second glass substrate 27, data lines
26, pixel electrodes 20 as the second wiring patterns, TFD
devices 31 for electrically connecting these components, and
scroll lines 28 connected to the scanning electrodes 19 of the
first substrate.

[0127] In addition, as shown in FIG. 2, a second align-
ment layer 224 made of a polyimide resin is formed on the
pixel electrode 20. With the second alignment layer 224, the
alignment of the liquid crystal material is controlled.

[0128] (2) Second Wiring Pattern (Pixel Electrode), etc.

[0129] In addition, as shown in FIG. 3(b), the pixel
electrodes 20 as the second wiring patterns, data lines 26,
and the TFD devices 31 are arranged on the second substrate
14. The pixel electrode 20 described above is connected to

the data line placed in parallel via the respective TFD device
31, as shown in FIG. 3(b).

[0130] In addition, the TFD device 31 has a stable device
operation, as shown in the schematic plan view of FIG. 4.
Thus, it is desirable that a so-called back-to-back TFD
device 31 be included where the first TFD device 31a and
the second TFD device 31b placed in series in opposite
directions. With the above arrangement, the data line 26 is
connected to the terminal at one side of the TFD device 31,
and the pixel electrode 20 is connected to the terminal at the
other side of the TFD device 31.

[0131] In addition, preferably, as shown in FIG. 3(b), the
data line 26 is formed to extend to the substrate extension
part 14T in the first glass substrate 27 outside the sealant
230, and one terminal is used as the external connection
terminal.
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[0132] 4. Positional Relation Between Step and Line Gap

[0133] FIG. 5 is an enlarged diagram showing a portion
enclosed by X in FIG. 2 (corresponding to the X-X cross-
sectional seen in the arrow direction of FIG. 3). As illus-
trated in the example in FIG. §, in the liquid crystal display
device of the first embodiment, the formation position of the
step 100z arranged inside the cell of the liquid crystal panel
200, the step directly or indirectly contacting the liquid
crystal material 232, matches the formation position of the
gap 19a between the adjacent scanning electrodes 19. In
FIG. 5, the formation position of the step 100a obtained by
forming multiple gaps for attempting to have an appropriate
retardation in the reflection region and the transmission
region preferably matches the formation position of the gap
194, which is an insulating region, formed between the
adjacent scanning electrodes 19.

[0134] By doing so, since the formation position of the
step and the formation position of the gap between the
adjacent scanning lines match, the scanning electrode con-
stituting an electric field area may not substantially exist in
the step, and the alignment defect of the liquid crystal
material due to the step can be prevented. Therefore, the
alignment defect or the defect noticeability in the pixel can
be reduced, and consequently, a liquid crystal display device
having an excellent contrast can be provided.

[0135] In addition, the formation position of the step may
directly contact with the liquid crystal material, or may
indirectly contact the liquid crystal material by interposing
the alignment layer therebetween. Further, a detailed
example of the step will be described later.

[0136] Here, the reduction of the alignment defect or the
defect noticeability will now be described with reference to
FIG. 6. FIGS. 6(¢) and 6(b) are diagrams showing a liquid
crystal display device seen from the display surface. Further,
FIG. 6(2) is an example of a liquid crystal display device
where the formation position of the step 100a due to the
multiple gaps and the formation position of the gap 10a
between the adjacent scanning electrodes 19 match, and
FIG. 6(b) is an example of a liquid crystal display device
where the formation position of the step 300z due to the
multiple gaps and the formation position of the gap 319«
between the adjacent scanning electrodes 319 do not match.

[0137] In the example shown in FIG. 6(a), for one pixel
G, the alignment defect 132 is generated in a series of dots
in a step 1004’ whose formation position do not match that
of the gap 19a between the scanning electrodes 19, while the
alignment defect of the liquid crystal material is covered in
the step 100a whose formation position matches that of the
gap 10a between the scanning electrodes 19 due to the
existence of the scanning electrode 19. Therefore, it will be
appreciated that the alignment defect and the defect notice-
ability of the liquid crystal material can be reduced to
improve the contrast of the image display.

[0138] On the contrary, in the example shown in FIG.
6(b), the defect alignment 332 of the liquid crystal material
323 is generated in the entire step 300g in a series of dots,
without matching the formation position of the gap 319
between the scanning electrodes 319, or in a non-electric
field area. Therefore, the alignment defect region (image
non-viewing region) in the pixel G becomes larger. Thus, it
will be appreciated that the normal alignment region (image
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viewing region) available to the pixel G becomes smaller,
and the contrast is degraded due to the alignment defect 332
of the liquid crystal material.

[0139] In addition, with respect to the positional relation
of the predetermined step and the gap between the adjacent
wiring patterns, the step may be formed on the first substrate
such that the formation position of the related step and the
formation position of the gap between the adjacent first
wiring patterns (scanning electrodes) arranged on the first
substrate match. Alternatively, the step may be formed on
the counter second substrate such that the formation position
of the related step and the formation position of the gap
between the second wiring patterns (pixel electrodes)
arranged on the second substrate match.

[0140] With the above arrangement, since the formation
position of the step in the cell matches the formation position
of the gap between the adjacent wiring patterns in the wiring
patterns of the same substrate, as described above, the
wiring pattern may not exist in the related step, and the
alignment defect of the liquid crystal material can be effec-
tively suppressed.

[0141] Further, the formation position of the predeter-
mined step and the formation position of the gap between the
adjacent wiring patterns in the substrate facing the substrate
where the step is formed may match. With the above
arrangement, even when the alignment defect of the liquid
crystal material is generated due to the step, it can be
covered with the gap between the wiring patterns where the
images are not originally displayed so that the viewing
region can be reduced.

[0142] In other words, for the active matrix liquid crystal
display device having TFD devices according to the present
embodiment, the formation position of the step formed on
one of the substrates matches the formation position of the
gap between the pixel electrodes or the gap between the
scanning electrodes formed along the alignment direction of
the related step. Thus, a liquid crystal display device having
an excellent contrast can be provided.

[0143] In addition, all or part of the formation position of
the gap between the adjacent wiring patterns in one pixel
may match the formation position of the step. In other
words, the formation position of the gap between the adja-
cent wiring patterns and the formation position of the
predetermined step may match entirely, or alternatively, the
formation position of the gap between the adjacent wiring
patterns and the formation position of the predetermined
step may match partially.

[0144] By doing so, when the formation position of the
gap entirely matches the formation position of the step, the
alignment defect of the liquid crystal material due to the
related step may not be recognizable as much as possible.
Therefore, the contrast of the displayed image can be
improved.

[0145] Further, when the formation position of the gap
partially matches the formation position of the step, it is not
necessary to form an excessively large gap between the
adjacent wiring patterns. Therefore, the reduction of the
pixel area can be prevented. Thus, when the formation
position of the gap between the adjacent predetermined
wiring patterns in one pixel on the substrate partially
matches the formation position of the step, for example,
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when the formation position of the gap matches the forma-
tion position of the step in a range of 20 to 80%, it is found
that contrast of various liquid crystal display device is
improved by about 1 to 30%.

[0146] More specifically, in the example of FIG. 6(a), for
one pixel G, the formation position of the gap 194 between
the adjacent scanning electrodes 19 matches one of the two
steps formed due to the multiple gaps formed in a slip type
in a horizontal direction (100% of the gap matches the step).
Therefore, it is found that the contrast of the liquid crystal
display device is improved by about 5 to 15% compared
with a case where the formation position of the gap 319«
between the scanning electrodes 319 does not match the
formation position of the step at all, as shown in FIG. 6(b).

[0147] In addition, a case where the formation position of
the gap entirely matches the formation position of the step
means that the formation area of the gap between the
adjacent electrodes are substantially same as the formation
area of the step, which is typically 80% or more. Further, a
case where the formation area of the gap partially matches
the formation position of the step means that the formation
area of the step occupying the formation area of the gap is
80% or less, and typically 20 to 80%.

[0148] In addition, when the formation position of the
predetermined step and the formation position of the gap
between the wiring patterns are matched, the width of the
step 100 indicated by A may be the same as the width of the
gap 19a between the adjacent wiring patterns (scanning
electrodes) indicated by B, as shown in FIG. 7(a).

[0149] With the width of the step identical to the width of
the gap between the adjacent wiring patterns, the wiring
patterns may not exist in the step so that the alignment defect
or defect noticeability of the liquid crystal material can be
reduced. In addition, the gap between the wiring patterns can
be prevented from being excessively large, and a reduction
in the effective pixel area can be prevented.

[0150] Therefore, the liquid crystal display device having
an excellent contrast and capable of displaying bright
images can be provided.

[0151] In addition, when the formation position of the
predetermined step and the formation position of the gap
between the adjacent wiring patterns are matched, the width
of the gap 19a between the adjacent wiring patterns (scan-
ning electrodes) indicated by B may be larger than the width
of the step 100 indicated by A, as shown in FIG. 7(b). In
other words, for example, when there exists a slope portion
in the step 100a, the width A of the step 1004 is smaller than
the width B of the gap 19« such that the slope portion, as
well as a flat portion positioned in the upper and lower
directions, matches the formation position of the gap 19«
between the adjacent wiring patterns 19.

[0152] Therefore, with the above relation between the
width of the gap and the width of the step, the formation
position of the step can match the formation position of the
gap. Accordingly, with the gap described above, it is ensured
that the alignment defect or the defect noticeability of the
liquid crystal material in the pixel can be reduced.

[0153] Thus, when the width of the alignment defect of the
liquid crystal material is formed in a line shape, considering
the width may be larger than the width of the step by 0.5 to
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1 um, the width of the step is preferably formed smaller than
the width of the gap between the wiring patterns by at least
1 to 2 um, and more preferably, by about 2.5 to 3 um.

[0154] On the contrary, the value A may be larger than the
value B, as shown in FIG. 7(c). In other words, for example,
when there exists a slope portion in the step 100a, the width
B of the gap 192 between the wiring patterns (scanning
electrodes) 19 is preferably smaller than the width A of the
step 100z such that the scanning electrode 19 exists in the
middle of the slope portion.

[0155] By doing so, for the pixel where the formation
position of the step and the formation position of the gap are
matched, the alignment defect of the liquid crystal material
can be prevented, and the gap between the wiring patterns
can be prevented from being excessively increased. Accord-
ingly, the effective pixel area can be prevented from being
reduced.

[0156] Further, the width of the step refers to a distance of
the region formed by the upper edge and the lower edge of
the step when the pair of substrates is seen in the vertical
direction. For example, when a slope portion exists in the
step, it corresponds to the horizontal width when the slope
portion is seen in the vertical direction. Further, when the
step is formed in the vertical direction, the width of the step
is approximately zero.

[0157] When the formation position of the step and the
formation position of the gap between the adjacent wiring
patterns are matched, the width of the gap B is preferably 1
to 50 um.

[0158] With the above range of the width of the gap, the
alignment defect and the defect noticeability due to the
predetermined step can be effectively reduced. In addition,
with the above width of the gap, the insulating resistance
between the adjacent wiring patterns can be easily controlled
up to the predetermined value. In other words, for the
adjacent wiring patterns, short circuiting and crosstalk
should be prevented. However, with the width of the gap in
the above wiring pattern, the above-mentioned problems can
be effectively avoided.

[0159] In addition, when the scanning electrode and the
scroll lines on the second substrate are electrically connected
using conductive particles mixed into the sealant, consider-
ing that the diameter of the conductive particles contained in
the sealant is typically about 10 um, the width of the gap
between the adjacent scanning electrodes is preferably 25 to
50 um. Further, when a small amount of the conductive
particles is used or the conductive particles are not used, the
width of the gap between the adjacent scanning electrodes is
preferably 1 to 10 um to prevent the reduction of the
effective pixel area.

[0160]

[0161] Next, a detailed example of the step formed on the
substrate of the liquid crystal display device will be
described. FIG. 5 is an enlarged diagram of a portion
indicated by X in FIG. 2 (corresponding to the XX cross
section of FIG. 3 seen from the arrow direction). In addition,
FIGS. 8,11, and 12 are enlarged cross sectional views of the
first substrate 12, showing a part corresponding to portion Y,
though not specifically shown in FIG. 2. Moreover, FIGS.
9 and 10 are enlarged cross sections of the liquid crystal

5. Step Portion
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display, showing a part corresponding to portion X, though
not specifically shown in FIG. 2.

[0162] In addition, in the drawings, the same elements are
represented by the same reference numerals, and the detailed
description thereof will be omitted.

[0163] (1) Step Due to Multiple Gaps

[0164] A step arranged in the cell corresponds to the step
1004 due to multiple gaps for adjusting the retardation of the
liquid crystal material 232 as shown in FIG. 5. In other
words, in the method of forming multiple gaps where the
thickness of the liquid crystal layer in the reflection region
is thinner than the thickness of the liquid crystal layer, a
protective layer 215 may be used as an overcoat on the
colored layer 16. More specifically, while forming a reflec-
tion layer 212 corresponding to the reflection region, the
colored layer 16 corresponding to any one of R, G, and B is
formed in the corresponding reflection layer 212 and the
transmission region. Next, the protective layer 215 is formed
such that the thickness of the layer in the reflection region is
thicker than the thickness of the layer in the transmission
region. Next, the scanning electrodes 19 are arranged on the
protective layer 215 such that the gaps between electrodes
match the step 100f of the protective layer 215, and are
formed across the reflection region and the transmission
region. In addition, an alignment layer 217 is formed overall
of the scanning electrodes 19, so that the thickness of the
layer of the liquid crystal material in the reflection region
can be formed thinner than the thickness of the layer in the
transmission region.

[0165] Here, since the step due to the multiple gaps
formed at the boundary between the transmission region and
the reflection region and the gap between the adjacent
scanning electrodes are matched, the alignment defect or the
defect noticeability due to the step can be reduced.

[0166] Therefore, according to the present invention, a
liquid crystal display device that adjusts the retardation due
to the multiple gaps and having an excellent contrast can be
provided.

[0167] When the multiple gaps are provided using an
interlayer insulating layer, the present invention is not
limited to the liquid crystal display device using the TFD
devices, and the liquid crystal display device using TFT
devices described below may also be used. In addition, in the
multiple gaps shown in FIG. 5, the thickness of the liquid
crystal material layer 232 in the reflection region and the
thickness of the liquid crystal material layer 232 in the
transmission layer are adjusted by the transparent resin layer
215 arranged on the first substrate 12. However, the present
invention is not limited to the adjustment by the transparent
resin layer 215 the multiple gaps may be formed by adjust-
ing the thickness of the interlayer insulating layer or the
reflective scattering layer arranged on the second substrate
14, as described below.

[0168] (2) Step Due to Light Shielding Layer

[0169] Inaddition, a step arranged in the cell may be a step
1005 due to the light shielding layer (in a black matrix), as
shown in FIG. 8(a). In other words, FIG. 8(«) shows an
example where the formation position of the step 1006
formed by the light shielding layer 18 and the formation
position of the gap 19z between the adjacent scanning
electrodes 19 are matched.
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[0170] More specifically, the light shiclding layer 18 is
arranged between the adjacent pixels to prevent a mixed
colored component of light. In addition, to reduce the
number of processes, the light shielding layer 18 may be
formed by repeatedly depositing respective layers when the
colored layers 16R, 16G, and 16B corresponding to RGB are
formed. Likewise, when the light shielding layer 18 is
formed in an overlapping manner, the height thereof
becomes higher than other. colored layers. Thus, the step
1006 is formed at the end. With this arrangement, the
formation position of the step 1005 due to the light shielding
layer 18 matches the formation position of the gap 194
between the adjacent scanning electrodes, so that alignment
defects or the defect noticeability due to the step 1005 can
be reduced.

[0171] On the contrary, as shown in FIG. 8(b), in the case
where the formation position of the step 3005 due to the light
shielding layer 338 arranged in an overlapping manner and
the formation position of the gap 339a between the adjacent
scanning electrodes 339 are not matched at all, it will be
appreciated that the alignment defects or the defect notice-
ability in the pixel is not reduced.

[0172] Therefore, according to the present invention, with
the arrangement shown in FIG. 8(a), a liquid crystal display
device having an excellent contrast, as well as preventing
mixed color due to the light shielding layer 18, can be
provided.

[0173] (3) Step Due to Alignment Protrusion

[0174] In addition, the step arranged in the cell may
correspond to a step due to an alignment protrusion for
alignment control of the liquid crystal material, as shown in
FIG. 9(a). In other words, FIG. 9(a) shows an example
where the formation position of the step 100c due to the
alignment protrusion 215z matches the formation position of
the gap 19a between the adjacent scanning electrodes 19.

[0175] More specifically, while the alignment of the liquid
crystal material is largely controlled by the alignment layer,
an alignment protrusion having a triangular pyramid cross
section may be arranged on the surface of the alignment
layer to enhance the alignment. Since the alignment protru-
sion has a predetermined height, a step is provided due to the
alignment protrusion. In this case, when the formation
position of the step formed due to the alignment protrusion
matches the formation position of the gap between the
adjacent scanning electrodes, the alignment defects or the
defect noticeability due to the step can be reduced.

[0176] On the contrary, when the formation position of the
step 300c due to the alignment protrusion 375a for align-
ment control and the formation position of the gap between
the adjacent scanning electrodes 379 or pixel electrodes 380
are not matched at all, as shown in FIG. 9()), the alignment
defects or the defect noticeability in the pixel cannot not be
reduced.

[0177] Therefore, according to the arrangement shown in
FIG. 9(a) of the present invention, a liquid crystal display
device with an improved alignment of the liquid crystal
material 232 due to the alignment protrusion 215¢ for
alignment control and an excellent contrast can be provided.
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[0178] (4) Step Due to Interlayer Insulating Layer

[0179] In addition, the step arranged in the cell may be a
step 100d due to an interlayer insulating layer 80, as shown
in FIG. 10. In other words, as. a method of forming multiple
gaps where the total thickness of the liquid crystal material
in the reflection region is smaller than the total thickness of
the liquid crystal material in the transmission region, the
interlayer insulating layer 80 arranged between the data line
26 and the pixel electrode 20 may be formed on the device
substrate 14 to prevent crosstalk between the data line 26
and the pixel electrode 20. More specifically, the interlayer
insulating layer 80 is formed such that the total thickness of
the reflection region where the reflection layer 212 exists is
larger than the total thickness of the transmission region, and
then, the pixel electrode 20 is arranged on the interlayer
insulating layer 80 across the reflection region and the
transmission region such that the gap between the electrodes
matches the step 1004 of the interlayer insulating layer 80.
The alignment layer 224 is formed thereon over the entire
surface, so that the total thickness of the liquid crystal
material in the reflection region can be smaller than that in
transmission region.

[0180] Here, since the formation position of the step 1004
formed due to the interlayer insulating layer 80 and the
formation position of the gap 204 between the adjacent pixel
electrodes 20 are matched, the alignment defects or the
defect noticeability due to the step 1004 can be reduced.

[0181] Therefore, according to the arrangement shown in
FIG. 10 of the present invention, along with the improve-
ment of the electrical insulating and mechanical character-
istics and the optimization of the retardation due to the
interlayer insulating layer 80, a liquid crystal display device
having an excellent contrast can be provided.

[0182] Further, the present invention is not limited to the
liquid crystal display device using the TFD devices with
multiple gaps in the interlayer insulating layer described
above: a liquid crystal display device using TFT devices
may be used.

[0183]

[0184] In addition, the step arranged in the cell may
correspond to a step 100e due to a photo spacer 103, as
shown in FIG. 11(@). In other words, FIG. 11(a) shows an
example where the formation position of the step 100e due
to the photo spacer 103 matches the formation position of
the gap 19a between the adjacent scanning electrodes 19.

[0185] More specifically, a spacer is typically arranged to
reduce the variation of the image display by making a
uniform thickness in the cell or a photo spacer 103 made of
photosensitive material may be arranged to improve the
alignment accuracy or the manufacturing process. The photo
spacer 103 has a predetermined height, so that the step 100e
is generated. In this case, since the formation position of the
step 100e formed due to the photo spacer 103 and the
formation position of the gap 19a between the adjacent
scanning electrodes 19 are matched, the alignment defects or
the defect noticeability due to the step 100e can be reduced.

[0186] On the contrary, as shown in FIG. 11(b), when the
formation position of the step 300e due to a photo spacer 397
and the formation position of the gap between the adjacent

(5) Step Due to Photo Spacer
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scanning electrodes 399 are not matched at all, the alignment
defects or the defect noticeability in the pixel is not reduced.

[0187] Therefore, according to the present invention, as
shown in FIG. 11(a), all of the photo spacers 103 formed on
the substrate are formed to match the formation position of
the gap 19« between the adjacent pixel electrodes 19, so that
a liquid crystal display device with a reduced variation of the
image display and an excellent contrast due to the photo
spacer 103 can be provided.

[0188]

[0189] In addition, the step arranged in the cell may
correspond to a step 100f due to a reflective scattering layer
17, as shown in FIG. 12. In other words, as a method of
forming multiple gaps where the total thickness of the liquid
crystal layer in the reflection region is smaller than that in
the transmission region, the reflective scattering layer 17
may be used to prevent the effect of specular reflection of the
reflection layer 212 arranged in the reflection region. More
specifically, a reflection layer 212 is further formed on the
reflective scattering layer 17 formed in advance in the
reflection region. Next, the colored layer 16 corresponding
to any one of R, G, and B components is formed on the
reflection layer 212 and in the transmission region. In
addition, after forming the protective layer 215 on the
colored layer 16 as an overcoat, the scanning electrodes 19
are formed on the protective layer 215 across the reflection
region and the transmission region such that the gap between
the electrodes matches the step 100f of the reflective scat-
tering layer 17. In addition, with the alignment layer 217
formed on the scanning electrodes 19, the total thickness of
the liquid crystal layer in the reflection region can be smaller
than that in the transmission region.

[0190] Here, since the formation position of the step 100f
due to the reflective scattering layer 17 and the formation
position of the gap 19« between the adjacent scanning
electrodes 19 are matched, the alignment defects or the
defect noticeability due to the step provided by the reflective
scattering layer can be reduced.

[0191] Therefore, according to the present invention
shown in FIG. 12, a liquid crystal display device preventing
a slope reflection by the reflective scattering layer 17 and
having an optimized retardation, as well as an excellent
contrast, can be provided.

[0192] Further, the present invention is not limited to the
liquid crystal display device using the TFD devices as
multiple gaps in the interlayer insulating layer described
above, but the liquid crystal display device using TFT
devices may be used. In this case, the gap between the
electrodes matching the step is a gap between the pixel
electrodes on the device substrate.

[0193] (7) Step Shape

[0194] In addition, for example, a slope portion 100a
arranged 1n the cell or a taper may be arranged.

[0195] This is because by forming the gap between the
adjacent scanning electrodes the gap can be formed with
high accuracy. In other words, when the step is a vertical
wall without the slope portion, it is difficult to form a resist
for forming the gap between the adjacent scanning elec-
trodes with high accuracy and excellent adhesiveness. As a
result, it is difficult to form a gap with high accuracy. In

(6) Step Due to Reflective Scattering Layer
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addition, even when the scanning electrodes and the like are
formed on part of the step, disconnection can be prevented
with the above-mentioned step.

[0196] Therefore, with the step having the slope portion,
the formation position of the gap between the adjacent
scanning electrodes and the formation position of the step
can be accurately matched. Accordingly, the alignment
defects or the defect noticeability in the pixel can be
reduced.

[0197] In addition, the slope portion of the step is prefer-
ably formed with an angle of 45 to 85°, and more preferably,
50 to 80°.

[0198]

[0199] A method of manufacturing the liquid crystal dis-
play device of the first embodiment will be described in
detail with reference to FIGS. 13 to 15, in the context of the
active matrix liquid crystal display device having TFD
devices.

[0200]
[0201] (1)-1 Formation of Color Filter

[0202] As shown in FIG. 13(a), a reflection layer 212
having a reflecting portion 212b and an opening as a
transmission part 212a, a colored layer 16, and a light
shielding layer 18 are preferably formed one after another on
the place corresponding to the image display region. In
other. words, with the reflection layer 212, a transflective
liquid crystal display device having a transmission region
and a reflection region to display in a transmission mode and
a reflection mode may be provided.

6. Manufacturing Method

(1) Manufacturing the First Substrate

[0203] Here, the reflection layer 212 having the opening
therein is formed by forming metal material on the second
glass substrate 13 through deposition or sputtering, followed
by patterning of the metal material using photolithography
and etching.

[0204] Next, for example, a photosensitive resin having
coloring material such as pigment or dye dispersed therein
is preferably deposited, patterned by exposure, and devel-
oped to form a color filter 214. In other words, the color filter
214 can be formed with a plurality of the colored layers 16
and the light shielding layers 18.

[0205] In addition, a plurality of the colored layers 16
(L6r, 16g, and 16b) can be overlapped, or alternatively, a
black material such as carbon can be used to form the light
shielding layer 18.

[0206] In addition, to display color images, in the case
where the colored layer 16 (16r, 16g, and 16b) having a
plurality of color components is arranged to form a color
filter, the same process is repeated for each color.

[0207]

[0208] Next, a surface protective layer 215 is preferably
formed as shown in FIG. 13(b).

[0209] In other words, a photosensitive resin 215X is
deposited over the entire color filter substrate 12. The
photosensitive resin 215X may be, for example, acrylic
resin, epoxy resin, imide resin, and fluoric resin. The resin
is deposited on the substrate in a fluid, non-hardened state,
and the deposition may employ spin coating or printing.

(1)-2 Formation of Protective Layer
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[0210] Next, as shown in FIG. 13(c), the deposited pho-
tosensitive resin 215X is patterned using photolithography
and etching to form the surface protective layer 215. In other
words, the surface protective layer 215 having a predeter-
mined pattern can be formed on the colored layer 16 (16r,
16g, and 16b) having a plurality of color components
through drying, light curing, or heat curing processes.

[0211] (1)-3 Forming First Wiring Patterns (Scanning
Electrodes)

[0212] Next, as shown in FIG. 13(d), a transparent con-
ductive layer 19X made of a transparent conductive layer
material such as ITO (Indium Tin oxide) is preferably
formed over the entire protective layer 215. The transparent
conductive layer 19X may be formed through sputtering, for
example. Further, the transparent conductive layer 19X is
patterned using photolithography to form the scanning elec-
trodes 19, as shown in FIG. 13(e).

[0213] Next, as shown in FIG. 13(f), a first alignment
layer 217 made. of polyimide resin is formed on the sub-
strate where the scanning electrodes 19 are formed, so that
the first substrate 12 can be provided.

[0214]

[0215] Amethod of manufacturing the second substrate 14
will be described with reference to FIGS. 14 to 15, in the
context of active devices (TFD devices).

(2) Manufacturing Second Substrate

[0216] First, as shown in FIG. 14(¢), a conductive metal
layer material 32' is deposited over the entire glass substrate
27 through sputtering. Here, although not shown, an insu-
lating layer made of tantalum oxide (Ta,05) may be formed
on the second glass substrate 27 to improve adhesiveness
between the glass’substrate and the metal layer material.

[0217] Next, as shown in FIG. 14(b), a resist material 82
is deposited over the entire surface. Next, as shown in FIG.
14(c), light is illuminated only on the position corresponding
to, for example, an opening 835, via a photomask 83 having
an opening 83b to expose the pattern, and perform a devel-
opment process so that the resist 82' is left only on the place
corresponding to the opening 83b of the photomask, as
shown in FIG. 14(d).

[0218] Next, as shown in FIG. 15(a), the conductive.
metal layer material 32 arranged at a place not covered with
the resist 82' is removed through etching, and then, the resist

82' is removed to form the patterned first metal layer 32, as
shown in FIG. 15(b).

[0219] Next, as shown in FIG. 15(c), an oxide layer 23 is
formed by oxidizing a surface of the first metal layer 32
through an anodic oxidation method. More specifically, the
glass substrate 27 where the first metal layer 32 is formed is
dipped into an electrolyte such as citric acid solution, and a
predetermined voltage is applied between the electrolyte and
the first metal layer 32 to oxidize the surface of the first
metal layer 32. In addition, the thickness of the oxide layer
23 may be appropriately changed, but is preferably 10 to 50
nm.

[0220] Next, as shown in FIG. 15(d), a patterned second
metal layer 33 is formed on the first metal layer 32 having
the oxide layer 23. Further, although not shown, until now
when the first metal layer 32, the second metal layer 33, and
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the like are formed, they are preferably deposited one after
another to simultaneously form the data lines and the scroll
lines.

[0221] Next, as shown in FIG. 15(¢), pixel electrodes 20
are formed as second wiring patterns made of the transparent
conductive material to electrically connect the second metal
layer 33.

[0222] Next, although not shown, a second alignment
layer made of polyimide resin and the like is formed on the
substrate where the pixel electrode 20 is formed, so that the
second substrate 14 can be provided.

[0223]

[0224] Next, although not shown, a sealant having epoxy
resin as a primary component, for example, is patterned on
the second substrate to enclose an image display region
through screen printing or dispensing.

(3) Bonding Process

[0225] Here, preferably, the second glass substrate printed
with the sealant is pre-baked such that solvent in the sealant
is evaporated. In other words, with a temperature condition
lower than a sealant curing temperature, the second glass
substrate is pre-baked while reducing the pressure. For
example, processing is preferably performed with a tem-
perature of 35 to 70° C., and a pressure of 50 to 90 kPa.

[0226] Moreover, the first substrate and the second sub-
strate are bonded such that the second substrate having the
sealant deposited thereon and the first substrate are super-
posed and bonded, and then, they are supported while
applying heat and pressure to cure the sealant.

[0227] Next, a liquid crystal material (liquid crystal) is
injected. into a space which is enclosed by the first substrate
and the second substrate and is placed inside of the sealant,
and the space is sealed with a sealing material, so that the a
liquid crystal panel can be provided.

[0228]

[0229] According to the second embodiment of the present
invention, a liquid crystal display device is provided, com-
prising a pair of substrates including a first substrate having
first wiring patterns thereon and a second substrate having
second wiring patterns thereon; and a liquid crystal material
interposed between the first substrate and the second sub-
strate. Here, a step is formed on the first or second substrate.
In addition, a gap, which is an electrical insulating region, is
formed between the adjacent first wiring patterns and the
adjacent second wiring patterns, corresponding to a forma-
tion position of the step having an upper flat portion, a slope
portion, and a lower flat portion. In addition, one edge of the
gap and the other edge of the gap satisfies one of the
following arrangement relations (A) to (D).

[0230] (A) One edge of the gap is arranged on the upper
flat portion of the step, and the other edge of the gap is
arranged on the lower flat portion of the step.

Second Embodiment

[0231] Inother words, an end at one side is arranged on the
upper flat portion of the step, and an end at the other side is
arranged on the lower flat portion. of the step such that both
ends of the first wiring pattern and the second wiring pattern
do not exist in the slope portion.

[0232] (B) One edge of the gap is arranged on an upper
part of the slope portion of the step, and the other edge of the
gap is arranged on the. lower flat portion of the step.
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[0233] In other words, of both ends of the adjacent first
wiring patterns or the adjacent second wiring patterns, the
end at one side is arranged on the slope portion of the step,
and an end at the other side is arranged on the lower flat
portion.

[0234] (C) One edge of the gap is arranged on the upper
flat portion of the step, and the other edge of the gap is
arranged on a lower part of the slope portion of the step.

[0235] In other words, of both ends of the adjacent first
wiring patterns or the adjacent second wiring patterns, an
end at one side is arranged on the slope portion of the step,
and an end at the other side is arranged on the upper flat
portion.

[0236] (D) One edge of the gap is arranged on an upper
part of the slope portion of the step, and the other edge of the
gap is arranged on a lower part of the slope portion of the
step.

[0237] In other words, both ends of the adjacent first
wiring patterns or the adjacent second wiring patterns par-
tially match the respective slope portions of the step.

[0238] The liquid crystal display device according to the
second embodiment of the present invention will now be
described in more detail in the context of the liquid crystal
display device described in the first embodiment. Further,
the positional relation of the step and the edge of the gap
between the adjacent wiring patterns will be described
herein with reference to the positional relation of the step
due to the multiple gaps on the first substrate (color filter
substrate) and the edge of the gap between the adjacent
scanning electrodes.

[0239] In addition, what is different from the first embodi-
ment will be mainly described herein, and the same func-
tions and arrangements as those in the first embodiment,
such as the basic construction of the liquid crystal display
device, the first substrate, and the second substrate, will be
omitted. Here, the cross sectional views shown in FIGS. 16
and 17 represent an enlarged diagram of a portion indicated
by X in FIG. 2 (corresponding to the X-X cross section seen
from the arrow direction of FIG. 3).

[0240] (1) Arrangement (A)

[0241] According to the liquid crystal display device of
the present embodiment, the predetermined step and the end
of the gap between the adjacent wiring patterns are prefer-
ably arranged such that an edge 19A is arranged on an upper
flat portion 21 of a step 100z and the other edge 19B is
arranged on a lower flat portion 22 of the step 100z, and thus
each edge 19A and 19B of the gap between the adjacent
scanning electrode 19 does not exist in a slope portion 25.

[0242] With the above arrangement, since the scanning
electrode does not exist in the non-flat slope portion, the
alignment defects of the liquid crystal material can be
effectively prevented using the corresponding slope portion
as a non-field area. Therefore, a liquid crystal display device
having an improved contrast of displayed images can be
provided.

[0243] In addition, with respect to the arrangement A, the
positions of the edges 19A and 19B of the gap between the
adjacent scanning electrodes 19 preferably match bound-
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aries between the upper flat portion 21 or the lower flat
portion 22 of the step 100a and the slope portion 25, as
shown in FIG. 17(a).

[0244] With the above arrangement, it is ensured that the
alignment defects or the defect noticeability of the liquid
crystal material in the slope portion can be reduced, and the
gap between the adjacent scanning electrodes can be pre-
vented from being excessively increased. Thus, the reduc-
tion of the effective pixel area can be prevented.

[0245] Therefore, in a case where the edge at the one side
of the gap between the adjacent scanning electrodes is
arranged on the upper flat portion of the step and the edge
at the other side thereof is arranged on the lower flat portion
of the step, preferably, the boundaries between the respec-
tive flat portions and the slope portion and the edges of the
gap between the adjacent scanning electrodes are perfectly
matched. However, even in the other case, the positions of
the edges of the gap between the adjacent scanning elec-
trodes are preferably within less than 10 um from the
boundaries, and more preferably within less than 5 um.

[0246] (2) Arrangement (B) and (C)

[0247] In addition, according to another aspect of the
liquid crystal display device of the present embodiment, one
edge 19A of the respective edges 19A and 19B of the gap
between the adjacent scanning electrodes 19 is preferably
extended to the slope portion 25 of the step 100z and the
other edge 19B is arranged in the lower flat portion 22 of the
step 100z, as shown in FIG. 16(b).

[0248] In addition, contrary to the example shown in FIG.
16(b), one edge 19A of the respective edges 19A and 19B of
the gap between the adjacent scanning electrodes 19 is
preferably arranged in the upper flat portion 21 of the step
100z and the other edge 19B is arranged in the slope portion
25 of the step 100z, as shown in FIG. 16(c).

[0249] By arranging the predetermined step and the edge
of the gap between the adjacent scanning electrodes to
satisfy the above relation, the respective pixel areas can be
enlarged, and the alignment defects of the liquid crystal
material can be effectively prevented for the step region
where the scanning electrode does not exist. In other words,
compared to a case where the scanning electrodes partially
exist in the step but both edges of the gap between the
adjacent scanning electrodes are arranged in the upper flat
portion and the lower flat portion, the pixel area can be
increased and the alignment defects of the liquid crystal
material can be effectively prevented. Therefore, a liquid
crystal display with an improved contrast of displayed
images and a bright image display can be provided.

[0250] Further, with the above-mentioned arrangement,
from the aspect that the pixel area is prevented from being
excessively reduced, the edges of the gap between the
scanning electrodes arranged on the upper flat portion and
the lower flat portion of the step match the boundaries of the
corresponding float portion and the slope portion, as
described above.

[0251]

[0252] 1In addition, according to yet another aspect of the
present embodiment, preferably, the respective edges 19A
and 19B of the gap between the adjacent scanning electrodes

(3) Arrangement (D)
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19 are extended to partially overlap the slope portion 25 of
the predetermined step 100a, as shown in FIG. 16(d).

[0253] According to the arrangement (D), since the scan-
ning electrode does not exist in a part of the slope portion,
the alignment defects of the liquid crystal material can be
reduced. Further, compared with a case where one of the
edges is arranged on the upper flat portion or the lower flat
portion of the step, the pixel area can be further enlarged.
Therefore, a liquid crystal display with an improved contrast
of displayed images and a bright image display can be
provided.

[0254] Third Embodiment

[0255] According to the third embodiment of the present
invention, an active matrix liquid crystal display device is
provided, comprising a first substrate (clement substrate)
having pixel electrodes thereon as first wiring patterns; a
second substrate (counter substrate) having counter elec-
trodes thercon as second lines patterns; and TFT (thin film
transistors) devices, wherein the TFT, devices are 3-terminal
switching devices.

[0256] Further, in the deseription of third embodiment the
same functions and arrangements as those in the first
embodiment will be omitted.

[0257]

[0258] First, a liquid crystal display device 641 illustrated
in FIG. 18 is provided such that a first substrate 602z and
a second substrate 602b are bonded at the peripheries using
sealant and a liquid crystal material is sealed into a space
formed by the first substrate 602a, the second substrate
602b, and the sealant, i.e. a cell gap, to form a liquid crystal
layer 603.

[0259] Here, the first substrate 602z comprises TFT (thin
film transistor) devices 642 acting as 3-terminal switching
devices; pixel electrodes 605 as the first wiring patterns
electrically connected to drain electrode; and organic insu-
lating layer 648 interposed between the TFT devices 643 and
the pixel electrodes 603. An alignment layer 610 is formed
on the pixel electrodes 605, and a rubbing process is
performed on the alignment layer 610a. In addition, the
pixel electrode 605 is made of a photo-reflective conductive
material, such as Al (aluminum) and Ag (silver).

[0260] In addition, the second substrate 602b comprises a
colored layer 623; counter electrodes 624 formed as second
wiring patterns on the colored layer 623; and an alignment
layer 6105 formed on the counter electrodes 624.

[0261] Among these, the counter electrode 624 is a planar
electrode formed over the entire second substrate 6025 and
made of transparent conductive material such as ITO
(Indium Tin Oxide). Further, the colored layer 603 com-
prises a color filter element having any one of color com-
ponents such as R (red), G (green), and B(blue) or color
components such as C (cyan), M (magenta), and Y (yellow),
at a position facing the pixel electrodes 605 on the first
substrate 602a. To improve the contrast while displaying
images, a light shielding layer 622 is arranged at the space
in the colored layer 623 not to overlap with the pixel
electrode 605 in the perpendicular direction.

(1) Basic Construction
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[0262] (2) TFT Device

[0263] Next, an arrangement of the TFT device 642 serv-
ing as a 3-terminal switching device will be described with
reference to FIG. 19.

[0264] The TFT device 642 comprises a gate electrode 646
formed on the first substrate 602« and a gate insulating layer
647 formed on the gate electrode 646 of the entire first
substrate 602a. In addition, the TFT device 642 further
comprises a semiconductor layer 649 formed on the upper
position of the gate electrode 646, having the gate insulating
layer 647 interposed therebetween; a source electrode 644
on the one side of the semiconductor layer 649 formed
through a contact electrode 645; and a drain electrode 643
formed on the other side of the semiconductor layer 649
through the contact electrode 645.

[0265] In addition, as shown in FIG. 19, the gate electrode
646 extends from a gate bus line 629, and the source
electrode 644 extends from a source bus line 628. The gate
bus line 629 describe above extends in a horizontal direction
of the first substrate 602a, and there exists a plurality of
perpendicular gate bus lines 629 in parallel at regular
intervals. In addition, the source bus line 628 extends in the
perpendicular direction to intersect the gate bus line 629,
with the gate insulating layer 647 therebetween, and there
exists a plurality of horizontal source bus lines in parallel at
regular intervals.

[0266] The gate bus line 629 is connected to a driving
semiconductor device (not shown), acting as a scanning line,
for example. In addition, the source bus line 628 is con-
nected to another driving semiconductor device (not shown),
acting as a signal line, for example.

[0267] Further, as shown in FIG. 19, the pixel electrode
605 is formed at a place where the pixel electrode 605 does
not overlap the TFT device 642 of the intersected regions by
the gate bus lines 629 and the source bus lines 628.

[0268] Here, considering the electrical characteristics and
resistance to corrosion, the gate bus line 629 and the gate
electrode 646 are made of metal such as Cr or Ta, respec-
tively. Further, the gate insulating layer 647 may be made of,
for example, SiN, and SiO,. In addition, the semiconductor
layer 649 is made of, for example, doped a-Si, polysilicon,
or CdSe, and the contact electrode 645 may be made of a-Si.

[0269] Furthermore, the source electrode 644 and the
source bus line 628 and the drain electrode 643 integrated
therewith may be made of Ti, Mo, and Al, respectively.

[0270] In addition, while the organic insulating layer 648
is formed over the entire first substrate 602a to cover the
gate bus lines 629, the source bus lines 628 and the TFT
devices 642, the contact hole 626 is formed at a place
corresponding to the drain electrodes 643. In other words,
the pixel electrode 605 and the drain electrode 643 of the
TFT device 642 are connected through the contact hole 626.

[0271] In other words, with the active matrix liquid crystal
display device having TFT devices 642, the voltage is
applied between the counter electrodes 624 and the pixel
electrodes 605 selected by the scanning signal and the data
signal. Therefore, the alignment of the liquid crystal material
can be controlled accurately at high speed for each pixel so
that an observer can recognize image display such as char-
acters and numbers.
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[0272] (3) Positional Relation Between Step and Gap

[0273] In addition, according to the liquid crystal display
device of the third embodiment of the present invention,
even when a step exists due to multiple gaps in the cell or
the light shielding layer, the formation position of the
corresponding step and the formation position of the gap
between the adjacent pixel electrodes match. Therefore, the
alignment defects or the defect noticeability of the liquid
crystal material due to the step is effectively reduced, and
thus, a liquid crystal display device having an excellent
contrast can be provided.

[0274] In other words, as in the second embodiment, one
edge of the gap and the other edge of the gap satisfies one
of the following arrangement relations (A) to (D), thereby
providing a liquid crystal display device having an excellent
contrast.

[0275] (A) One edge of the gap is arranged on the upper
flat portion of the step, and the other edge of the gap is
arranged on the lower flat portion of the step.

[0276] (B) One edge of the gap is arranged on an upper
part of the slope portion of the step, and the other edge of the
gap is arranged on the lower flat portion of the step.

[0277] (C) One edge of the gap is arranged on the upper
flat portion of the step, and the other edge of the gap is
arranged on a lower part of the slope portion of the step.

[0278] (D) One edge of the gap is arranged on an upper
part of the slope portion of the step, and the other edge of the
gap is arranged on a lower part of the slope portion of the
step.

[0279] Fourth Embodiment

[0280] As a fourth embodiment of the present invention,
an electronic apparatus having the liquid crystal display
device of the first embodiment will be described in detail
with reference to FIG. 20.

[0281] FIG. 20 is a schematic block diagram showing the
arrangement of an electronic apparatus according to this
embodiment of the present invention. The electronic appa-
ratus comprises a liquid crystal panel 200 and control means
1200 for controlling the liquid crystal panel 200. Further, in
FIG. 20, the liquid crystal panel 200 is schematically shown
divided by a panel structure 200A and a driving circuit 200B
having a semiconductor device (IC). In addition, preferably,
the control means 1200 comprises a display information
output source 1210, a display processing circuit 1220, a
power supply circuit 1230, and a timing generator 1240.

[0282] In addition, the display information output source
1210 comprises memories such as ROMs (Read Only
Memory) or RAMs (Random Access Memory); a storage
unit such as a magnetic storage disk or an optical storage
disk; and a tuning circuit for outputting a digital image
signal. Further, based on various clock signals generated by
a timing generator 1240, display information is provided to
the display information processing circuit 1220 in image
signals having a predetermined format.

[0283] In addition, the display information processing
circuit 1220 comprises various well-known circuits such as
a serial-parallel converting circuit, an amplification and
inverting circuit, a rotation circuit, a gamma correction
circuit, and a clamp circuit to perform the processing of
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inputted display information. Image information is provided
to the driving circuit 200B along with the clock signal CLK.
Moreover, the driving circuit 200B comprises a scanning
line driving circuit, a data electrode driving circuit and a test
circuit. Further, the power supply circuit 1230 scrves to
supply the predetermined voltages to the above-mentioned
elements, respectively.

[0284] In addition, according to the electronic apparatus of
the present embodiment, the formation position of the step
arranged in the liquid crystal display device which directly
and indirectly contacts the liquid crystal material and the
formation position of the gap between the adjacent first
wiring patterns and the adjacent second wiring patterns
match. Accordingly, an electronic apparatus having excel-
lent contrast and reliability can be provided.

INDUSTRIAL APPLICABILITY

[0285] According to the present embodiment, the forma-
tion position of a step arranged in the liquid crystal display
device and the formation position of a gap between the
adjacent first wiring patterns and the adjacent second wiring
patterns match. As a result, the effect of alignment defects
can be reduced to provide a liquid crystal display device
having excellent contrast.

[0286] Accordingly, the liquid crystal display device of
the present invention can be used for a mobile telephone, a
personal computer, an LCD television, a view-finder type
and a monitor direct-view type video tape recorder, a car
navigation apparatus, a pager, an electrophoresis apparatus,
an electronic organizer, a calculator, a word processor, a
workstation, a video phone, a POS terminal, and an elec-
tronic apparatus comprising a touch panel.

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

a first substrate having first wiring patterns;

a second substrate having second wiring patterns, which
is opposite to the first substrate; and

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

wherein gaps, which are electrical insulating regions, are
formed between the adjacent first wiring patterns and
between the adjacent second wiring patterns,

wherein steps are formed on the first or second substrate,
and

wherein a formation position of the gaps matches a
formation position of the steps which directly or indi-
rectly contact the liquid crystal material.

2. The liquid crystal display device according to claim 1,
wherein the gaps, which are the electrical insulating regions,
are slit shaped.

3. The liquid crystal display device according to claim 1,
wherein the width of the steps is the same as the width of the
gaps.

4. The liquid crystal display device according to claim 1,
wherein the width of the steps is smaller than the width of
the gaps.

5. The liquid crystal display device according to claim 1,
wherein the width of the gaps is smaller than the width of the
steps.
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6. The liquid crystal display device according to claim 1,
wherein the width of the gaps is 1 to 50 um.

7. The liquid crystal display device according to claim 1,
wherein each of the steps has a slope portion.

8. The liquid crystal display device according to claim 1,
wherein the steps are formed due to multiple gaps formed for
adjusting retardation.

9. The liquid crystal display device according to claim 1,
wherein the steps are formed due to a light shielding layer.

10. The liquid crystal display device according to claim 1.
wherein the steps are formed due to an alignment protrusion
formed for controlling alignment.

11. The liquid crystal display device according to claim 1,
wherein the steps are formed due to an interlayer insulating
layer.

12. The liquid crystal display device according to claim 1,
wherein the steps are formed due to a photo spacer.

13. The liquid crystal display device according to claim 1,
wherein the steps are formed due to a reflective scattering
layer.

14. The liquid crystal display device according to claim 1,

wherein the steps comprise n upper flat portion, a slope
portion, and a lower flat portion, and

wherein one edge of the gaps is arranged on the upper flat
portion of the steps, and the other edge of the gaps is
arranged on the lower flat portion of the steps.

15. The liquid crystal display device according to claim 1,

wherein the steps comprise an upper flat portion, a slope
portion, and a lower flat portion, and

wherein one edge of the gaps is arranged on an upper
portion of the slope portion of the steps, and the other
edge of the gaps is arranged on the lower flat portion of
the steps.
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16. The liquid crystal display device according to claim 1,

wherein the steps comprise an upper flat portion, a slope
portion, and a lower flat portion, and

wherein one edge of the gaps is arranged on the upper flat
portion of the step, and the other edge of the gaps is
arranged on a lower portion of the slope portion of the
steps.

17. The liquid crystal display device according to claim 1,

wherein the steps comprise an upper flat portion, a slope
portion, and a lower flat portion, and

wherein one edge of the gaps is arranged on an upper
portion of the slope portion of the steps, and the other
edge of the gaps is arranged on a lower portion of the
slope portion of the steps.
18. The liquid crystal display device according to claim
14,

wherein, any one edge of the gaps which is arranged on
the upper flat portion or the lower flat portion of the
step matches a boundary between the upper flat portion
and the slope portion or a boundary between the lower
flat portion and the slope portion.

19. The liquid crystal display device according to claim 1,

wherein the first substrate is a color filter substrate having
color filters, and

wherein the second substrate is a switching substrate
having switching devices.

20. An electronic apparatus comprising at least one of the
liquid crystal display devices according to claim 1.
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