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(54) Title of Invention
ELEMENT SUBSTRATE FOR ELECTRO-OPTICAL DEVICES, AND ELECTRO-
OPTICAL DEVICE USING SAME

(57) Abstract

Problems

To prevent the occurrence of light-leakage currents
induced in a transistor element by light advancing from corner
portions of a pixel, and to prevent changes in the performance
of a switching element.

Solution

By covering a corner portion of a pixel with a light-
shielding metal film between a transistor element and a
liquid-crystal layer, light advancing from the corner portions
of the pixel toward the transistor element is blocked. Either a
data line or a capacitor line, or both, can be used as the light-
shielding metal film between the transistor element and the
liquid-crystal layer by being formed to a wide width in the
corner portion of the pixel. In addition, a new light-shielding
film may be provided between the transistor element and the
liquid-crystal layer and configured so as to cover the corner
portions of the pixel.
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CLAIMS

1. An element substrate for electro-optical devices, the substrate
having a plurality of scan lines and a plurality of data lines formed in a
matrix shape on a substrate, a transistor connected to the scan lines
and the data lines, and a pixel electrode connected to the transistor,
wherein: a planar-projected width of a light-shielding film layered
between the transistor and the pixel electrode is configured to be a
wide width in the vicinity of the transistor and to shield a corner
portion of the pixel electrode.

2. The element substrate for electro-optical devices according to claim
1, wherein the light-shielding film configured to shield the corner
portion of the pixel electrode is a capacitor line.

3. The element substrate for electro-optical devices according to claim
2, wherein the capacitor line is disposed overlapping the scan lines in
a planar structure of the element substrate.

4. The element substrate for electro-optical devices according to claim
2, wherein the capacitor line is disposed parallel to the scan lines in
the planar structure of the element substrate.

5. The element substrate for electro-optical devices according to claim
1, wherein the light-shielding film configured to shield the corner
portion of the pixel electrode is a signal line.

6. The element substrate for electro-optical devices according to claim
1, wherein the light-shielding film configured to shield the corner
portion of the pixel electrode is both a capacitor line and a signal line.

7. The element substrate for electro-optical devices according to claim
1, wherein the light-shielding film configured to shield the corner
portion of the pixel electrode is provided between the pixel electrode
and a signal line in the cross-sectional structure of the element
substrate.

8. The element substrate for electro-optical devices according to any
of claims 1-7, wherein the light-shielding film configured to shield
the corner portion of the pixel electrode is configured to obliquely
shield the four corners of each pixel.

9. An electro-optical device comprising the element substrate for
electro-optical devices according to any one of claims 1-8.

DETAILED DESCRIPTION OF THE INVENTION
[0001]
TECHNICAL FIELD PERTAINING TO THE INVENTION

The present invention relates to an element substrate for
electro-optical devices and an electro-optical device using the same,
and particularly to ones with increased light-shielding performance in
the corner portions of pixel electrodes.

[0002]
RELATED ART

Electro-optical devices having a plurality of scan lines and
a plurality of data lines formed in a matrix shape upon an insulating
substrate, transistors connected to the scan lines and data lines, and
pixel electrodes connected to the transistors have complex structures
but high switching characteristics and can stably realize high image
quality, and thus are widely used as liquid-crystal display devices. The
transistors used in liquid-crystal display devices are made by forming
a thin silicon film upon an insulating substrate, and forming a
transistor upon this thin silicon film to make a TFT (thin-film
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transistor). In active-matrix, electro-optical devices using TFTs, there
is a problem in that light from the substrate surface enters the channel
region and drain region of the TFT, giving rise to light-leakage current
and changing the characteristics of the pixel-switching TFT serving as
the transistor element. Providing the TFT around an aperture region of
each pixel area arranged in a matrix shape, and forming an integrated
lattice-patterned light-shielding film around these aperture regions, is
a known means of preventing the entrance of light into the TFT.

[0003]

For example, in a projector or other projection-type display
device using a liquid-crystal device, the surface of a light-transmissive
substrate is ordinarily irradiated with light; thus, this enters the
channel region of a transistor formed upon the substrate, generating a
light-leakage current. In order to prevent this light-leakage current, it
is common to create a structure in which a light-shielding layer is
provided directly upon the transistor of an opposing substrate.

[0004]

In addition, it is necessary to provide a storage capacitor
commensurate with the capacitance constituted by the pixel electrode
in an active-matrix, electro-optical device in order to prevent flicker or
burmn-in of the display screen. For this reason, it is necessary to
reasonably dispose scan lines, data lines, capacitor lines, TFTs, or
storage capacitors around the aperture regions, and to form a light-
shielding film thereover in order to prevent the entrance of light into
the TFT. One example of such a TFT array substrate will be described
using FIG. 16 and FIG. 17.

[0005]

FIG. 16 is an enlarged plan view of a portion of a plurality
of pixel groups connected to each other on a TFT array substrate upon
which is formed data lines, scan lines, pixel electrodes, light-shielding
films, and the like, and FIG. 17 is a cross-sectional view along line P-
P'in FIG. 16. Note that, in FIG. 16 and FIG. 17, the various layers and
various members are differently scaled to sizes such that the various
layers and various members are recognizable in the drawings.

[0006]

FIG. 16 shows a planar structure in a pixel portion (image
display region) of the TFT array substrate. Within the pixel portion on
the TFT array substrate of the liquid-crystal display device, a plurality
of transparent pixel electrodes 9a (with their outlines indicated by
dotted lines 92') is provided in a matrix shape, and data lines 6a, scan
lines 3a, and capacitor lines 3b are provided along the vertical and
horizontal boundaries of the transparent pixel electrodes 9a. The data
lines 6a are electrically connected to source regions (to be described
later) of a semiconductor layer 1a of a monocrystalline-silicon layer
via contact holes 5, and the pixel electrodes 9a are electrically
connected to drain regions (to be described later) of the semiconductor
layer 1a via contact holes 8. In addition, the scan lines 3a are disposed
so as to oppose channel regions (the regions of diagonal lines rising up
and to the left in the drawing) of the semiconductor layer 1a, and the
scan lines 3a function as gate electrodes.

[0007]

The capacitor lines 3b have main line portions, which
extend substantially linearly along the scan lines 3a (i.e., first regions
formed along the scan lines 3a as seen in plan view), and protruding
portions, which protrude towards the preceding stage (upward in the
drawing) along the data lines 6a from locations intersecting the data
lines 6a (i.e., second regions extending along the data lines 6a as seen
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in plan view).
[0008]

Moreover, a plurality of first light-shielding films 11a is
provided in the regions indicated by diagonal lines rising up and to the
right in the drawing. More specifically, the first light-shielding films
11a are respectively provided at locations, viewed from the TFT array
substrate side, covering the TFTs, including the channel regions of
semiconductor layers 1a at the pixel portions, and the first light-
shielding films 11a further have main line portions, which extend
linearly along the scan lines 3a opposing the main line portions of the
capacitor lines 3b, and the protruding portions, which protrude toward
an adjacent stage (i.e., downward in the drawing) along the data lines
6a from locations intersecting the data lines 6a. The tips of the
downward-protruding portions of the first light-shielding films 11a in
the various stages (pixel rows) overlap the tips of the upward-
protruding portions of the capacitor lines 3b in the following stages
under the data lines 6a. Contact holes 13, which electrically connect
the first light-shielding films 11a and the capacitor lines 3b to each
other, are provided in these overlapping portions. In other words, in
this embodiment, the first light-shielding films 11a are electrically
connected by the contact holes 13 to the preceding-stage or following-
stage capacitor lines 3b. 1fis a first storage capacitor electrode.

[0009]

In the structure of this TFT array substrate, as shown in
FIG. 16, the capacitor lines are disposed in parallel with the portions
in which the scan lines 3a are disposed around the aperture regions of
the pixel electrodes 9a, and storage capacitors 70 are disposed in the
portions in which the scan lines are disposed. In addition, the
capacitor lines 3b are also disposed overlapping the portions in which
the data lines 6a are disposed to form the storage capacitors 70.
Furthermore, the first light-shielding films 11a are provided so as to
overlap the TFTs as seen in plan view.

[0010]

FIG. 17 shows the cross-sectional structure of a liquid-
crystal device. The liquid-crystal device comprises a TFT array
substrate 10 constituting one example of a light-transmissive
substrate, and a transparent opposing substrate 20 disposed opposing
the same.

[0011]

A pixel-switching TFT 30 is provided on the TFT array
substrate 10. The data line 6a is connected to a high-density source
region 1d of the semiconductor layer 1a constituting the TFT 30, and
the pixel electrode 9a is connected to a high-density drain region le.
An alignment layer 16 is provided above the pixel electrode 9a.

[0012]

In order to prevent light entering the TFT, the first light-
shielding films 11a are provided at positions corresponding to the
pixel-switching TFTs 30 on the TFT array substrate 10. This results in
a configuration that prevents returning light that has entered from the
direction of the pixel electrode and reflected off the bottom surface of
the TFT array substrate 10 from entering into a channel region la' or
LDD regions 1b, lc of the TFT 30.

[0013]

Meanwhile, on the opposing substrate 20, a counter
electrode (common electrode) 21 is provided over the entire surface,
and an alignment layer 22 is provided on the bottom side.

[0014]

Moreover, a second light-shielding film 23 is provided in
regions of the opposing substrate 20 other than the aperture regions of
the various pixel portions. In this manner, light incident from the
pixel-electrode side of the opposing substrate 20 is prevented from
advancing into the channel region 1a' of the semiconductor layer 1a of
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the pixel-switching TFT 30 and the LDD (lightly doped drain) regions
1band lc.

[0015]
PROBLEMS TO BE SOLVED BY THE INVENTION

However, in the structure shown in FIG. 16 and FIG. 17
described above, each of the pixel electrodes 9a is configured as a
square, and an aperture portion of each of the pixel electrodes 9a is
configured such that the scan lines 3a, the data lines 3b, and the
capacitor lines 3b running horizontally and vertically around the
aperture portion cross at right angles. The TFTs 30 are formed at the
intersecting portions of the scan lines 3a and the data lines 3b in
correspondence with the pixel electrodes 9a. For this reason, light
entering the TFT array substrate from the perpendicular direction can
be blocked by the second light-shielding film 23, light entering the
TFT array substrate from directions oblique to the direction of the
pixel electrodes 9a cannot be blocked. Because the second light-
shielding film 23 is disposed quite far above the TFT 30, light incident
from directions oblique to the pixel cannot be effectively blocked. In
such liquid-crystal devices, light enters the channel region and drain
region of the switching TFT from the aperture portion of each of the
pixel electrodes 9a, produces leakage currents in the TFT, and changes
the characteristics of the TFT as a pixel-switching element; thus, a
sharp pixel display is not obtained.

[0016]

In particular, in liquid-crystal display devices used in
liquid-crystal projectors, light leakage from transistors due to light
entering channels has been a problem. The entry of light from the
corner portions of pixels near a transistor has become especially
problematic.

[0017]

Even in a typical structure in which a light-shielding layer
is provided over the transistor, if the supporting substrate is light-
transmissive, light entering from the surface may be reflected at the
interface on the substrate rear-surface side and enter the channel as
returning light. This returning light may be a slight fraction of the light
irradiating the surface but is thoroughly capable of producing light-
leakage current in a device that uses an extremely powerful light
source such as a projector. In other words, returning light from the rear
surface of this substrate affects the switching characteristics of the
element and alters the characteristics of the device. Accordingly, it is
particularly necessary to minimize light entering from the corner
portions of pixels.

[0018]

The present invention was created to solve this problem
and has an object of providing a TFT array substrate in which light
that enters from directions oblique to the TFT array substrate can also
be blocked. Another object is to provide an electro-optical device that
uses the TFT array substrate and has superior switching
characteristics, and from which a sharp image display can be obtained.
[0019]

MEANS FOR SOLVING THE PROBLEMS

In order to solve these problems, the electro-optical-device
element substrate according to the present invention is an element
substrate for electro-optical devices, the substrate having a plurality of
scan lines and a plurality of data lines formed in a matrix shape on a
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substrate, a transistor connected to the scan lines and the data lines,
and a pixel electrode connected to the transistor, wherein: a planar-
projected width of a light-shielding film layered between the transistor
and the pixel electrode is configured to be a wide width in the vicinity
of the transistor and to shield a corner portion of the pixel electrode.

[0020]

If such a configuration of the present invention is used, the
aperture portions of the pixel electrode become somewhat narrower;
nevertheless, it is possible to block light incident toward the TFT in
oblique directions from the pixel electrode aperture portions of the
TFT array substrate, and it is possible to achieve an element substrate
for electro-optical devices that does not degrade the characteristics of
the pixel-switching TFT as a transistor element due to the occurrence
of light-leakage current.

[0021]

In the element substrate for electro-optical devices
according to the present invention, the capacitor lines can be used as
light-shielding films configured to shield the corner portions of the
pixel electrodes. In addition, the data lines can be used as light-
shielding films configured to shield the corner portions of the pixel
electrodes.

[0022]

These various lines are disposed in a lattice pattern around
the pixel electrode; thus, by utilizing these light-shielding films to
create a configuration in which the line width is increased in the
vicinities of the intersecting portions of the lattice, it is possible to
effectively block light from entering the TFTs provided in the corner
portions of each pixel from the aperture portions of the pixel
electrodes. The method of manufacturing lines configured to have
wide widths is simply changing the patterning shape when the
capacitor lines and the data lines are formed; this has the advantage of
making formation possible even without providing any special
process.

[0023]

In addition, in the element substrate for electro-optical
devices according to the present invention, the capacitor lines may be
disposed overlapping the scan lines in the planar structure of the
element substrate, or the capacitor lines may be disposed parallel to
the scan lines in the planar structure of the element substrate.

[0024]

In the former scenario, in which the capacitor lines are
disposed overlapping the scan lines, it is possible to make the width of
the capacitor lines take up the entire interval between pixels, and to
increase storage capacitance. In addition, in the latter scenario, in
which the capacitor lines are disposed parallel to the scan lines, the
widths of the capacitor lines are limited by the intervals between
pixels, but there is an advantage in that the capacitor lines and scan
lines can be formed in the same process.

[0025]

In addition, in the element substrate for electro-optical
devices according to the present invention, the light-shielding films
configured to shield the comer portions of the pixel electrode may be
provided at positions between the pixel electrodes and the data lines in
the cross-sectional structure of the pixel substrate.

[0026]

Although the manufacturing process will be increased by
one step, more effective light shielding is made possible by providing
light-shielding films of the necessary shapes at the necessary
locations, unencumbered by the capacitor lines or the data lines.
Furthermore, in the element substrate for electro-optical devices
according to the present invention, the light-shielding films configured
to shield the corner portions of the pixel electrodes are preferably
light-shielding films configured to obliquely shield the four corner
portions of each pixel electrode. Typically, a TFT is formed in a corner
portion of each pixel electrode; thus, by shielding the four corner
portions of the pixel electrode from light, it is possible to block
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oblique incident light from all directions. Naturally, it is also
acceptable to provide light-shielding films not in all four corner
portions, but only in those directions in which shielding is necessary.
In addition, while there are no particular limitations upon the shapes
of the light-shielding films that shield the various pixel electrodes,
blocking light so as to obliquely shield the four comer portions of
each pixel electrode has the effect of blocking oblique incident light
from any direction without narrowing the aperture portions of the
pixel electrodes. Furthermore, an electro-optical device according to
the present invention is an electro-optical device comprising the
element substrate having a structure that shields the corner portions of
pixel electrodes using a light-shielding film according to any one of
claims 1-8.

[0027]

In the electro-optical device according to the present
invention, the light that enters obliquely from the pixel electrode
corner portions toward the TFT portion is blocked, thus making it
possible to prevent the occurrence of leakage current in the TFT, and
there is no change in the characteristics of the TFT as a pixel
switching element. Accordingly, it is possible to obtain a sharper
display image.

[0028]
MODES FOR CARRYING OUT THE INVENTION

Here follows a description of embodiments of the present
invention based on the drawings. Note that, in the various drawings of
the embodiments, the various layers and members are scaled
differently, not identically, so that the various layers and various
members are large enough to be recognizable in the drawings.

[0029]
(First Embodiment)

FIG. 1 and FIG. 2 are drawings showing the structure of a
first embodiment of the element substrate for electro-optical devices
according to the present invention, with FIG. 1 being an enlarged plan
view showing a plurality of adjacent pixel groups of the first
embodiment of the element substrate—on which are formed data
lines, scan lines, pixel electrodes, light-shielding films, and the like —
for electro-optical devices according to the present invention, and with
FIG. 2 being a cross-sectional view along line A-A'" in FIG. 1. In the
present embodiment, as shown in FIG. 1, capacitor lines 300 running
left-right in the paper plane are formed to have wide widths in the
vicinities of TFTs 30 and serve as light-shielding layers against the
incidence of light from the corner portions of pixel electrodes 9a.

[0030]

First, a planar structure within a pixel portion (image
display region) of an element substrate for electro-optical devices
according to the present invention will be described in detail based on
FIG. 1.

[0031]

In an element substrate 100 for electro-optical devices
according to the first embodiment of the present invention, as shown
in FIG. 1, a plurality of the transparent pixel electrodes 9a (outlines
indicated by dashed lines 9a') are provided in a matrix shape in the
pixel portions on the TFT array substrate, and data lines 6a and scan
lines 3a are provided along the vertical and horizontal boundaries of
the transparent pixel electrodes 9a. The pixel-switching TFT 30,
which is for performing switching control of the pixel electrode 9a, is
provided in a corner portion of each of the pixel electrodes 9a along
the data line 6a.

[0032]

The data lines 6a are electrically connected to source
electrodes 303 (to be described later) via contact holes 81, and the
pixel electrodes 9a are electrically connected to drain electrodes 302
(to be described later) via contact holes 84 provided on sides along the
scan lines 3a. In addition, the scan lines 3a are disposed so as to
oppose channel regions 1a' (the regions of diagonal lines rising up and
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to the left in the drawing) of the semiconductor layers la, and the scan
lines 3a also function as gate electrodes. The contact holes 81 and
contact holes 82 are provided on one-end sides of the TFTs 30. The
contact holes 81 electrically connect the source electrodes 303
(indicated by dash-dotted lines in the drawings), which serve as relay
electrodes, and the data lines 6a, while the contact holes 82 electrically
connect the source electrodes 303 and high-density source regions 1d
of the semiconductor layers la. Contact holes 83 are provided on
other-end sides of the TFTs 30, and the contact holes 83 electrically
connect the drain electrodes 302, which serve as relay electrodes, and
high-density drain regions le of the semiconductor layers 1a.

[0033]

The capacitor lines 300 overlap the scan lines 3a and are
provided in the left-right direction as seen in the paper plane along the
boundaries of the pixel electrodes 9a. The capacitor lines 300 have
main line portions, which extend substantially linearly along the scan
lines 3a (i.e., first regions formed overlapping the scan lines 3a as seen
in plan view), and protruding portions, which protrude in the up-down
direction in the paper plane along the data lines 6a from locations
intersecting the data lines 6a (i.e., second regions protruding in the
direction in which the data lines 6a run, as seen in plan view).
Moreover, the capacitor lines 300 are formed diagonally with wide
widths so as to cover the comer portions of the pixel electrodes 9a at
the protruding portions in the vicinities of the TFTs 30. In wide-width
portions 300a and 300b of the capacitor lines 300 in FIG. 1, the wide-
width portions 300a provided in the lower corner portions of the pixel
electrodes 9a in the paper plane are formed slightly larger than the
wide-width portions 300b provided in the upper corner portions of the
pixel electrodes 9a in the paper plane. By creating such a structure, the
wide-width portions 300a and 300b of the capacitor lines 300 are
provided at locations such that they cover the TFTs 30, including the
channel regions 1a' of the semiconductor layers 1a, as viewed from a
liquid-crystal layer 50 side (the direction perpendicular to the paper
plane) of a TFT array substrate 10 in each pixel portion.

[0034]

In addition, the capacitor lines 300, together with the L-
shaped drain electrodes 302 (indicated by dash-dotted lines in the
drawings), which are disposed overlapping and opposing with
interposed insulating films in the substantially linearly extending main
line portions overlapping the scan lines 3a, form storage capacitors
70-1.

[0035]

The drain electrode 302 forms a protruding portion that
protrudes in the upward direction in the paper plane along the data line
6a from a location intersecting the data line 6a (i.e., an extended
region overlapping the data line 6a as seen in plan view). Moreover,
the drain electrodes 302 are disposed overlapping the capacitor lines
300 with interposed insulating films in the protruding portions
protruding in the upward direction in the paper plane of the data lines
6a, thus forming storage capacitors 70-2.

[0036]

As a result, the spaces apart from the aperture regions,
which are the regions in the vicinities of the data lines 6a and the
regions in the vicinities of the scan lines 3a in which disclinations of
the liquid crystal occur (i.e., the regions in which the capacitor lines
300 are formed), are effectively used to increase the storage
capacitance of the pixel electrodes 9a. In this manner, capacitance is
ensured by the storage capacitors 70-1 and the storage capacitors 70-2
in the present embodiment in order to stabilize the display screen.
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[0037]

Next, the cross-sectional structure in the pixel portions of
the element substrate 100 for electro-optical devices will be described
based on FIG. 2. First, to describe the cross-sectional structure in
outline, the element substrate 100 for electro-optical devices is
provided with the light-transmissive TFT array substrate 10
constituted by, for example, a glass substrate or a quartz substrate, and
the pixel electrode 9a and the pixel-switching TFT 30 for performing
switching control of the pixel electrode 9a are provided on the TFT
array substrate 10. The alignment layer 16, on which has been
performed a prescribed alignment process, such as a rubbing process,
is provided above the pixel electrode 9a. The pixel electrode 9a is
constituted, for example, by a transparent conductive film such as an
ITO film. In addition, the alignment layer 16 is constituted by, for
example, an organic resin film such as a polyimide film.

[0038]

The thus-configured pixel electrode 9a of the element
substrate 100 for electro-optical devices and a counter electrode (not
shown in the drawings) are disposed facing each other, and liquid
crystal is sealed between the TFT array substrate 10 and the opposing
substrate in a space enclosed by a sealing material (not shown in the
drawings), thereby forming the liquid-crystal layer 50. The alignment
layer 16 and the alignment layer of the counter electrode cause the
liquid-crystal layer 50 to enter a prescribed alignment state in a state
in which an electric field from the pixel electrode 9a is not being
applied. The liquid-crystal layer 50 is constituted by, for example, one
type or multiple types of nematic liquid crystal. The sealing material
is, for example, an adhesive constituted by a photosetting resin or a
thermosetting resin for bonding the two substrates at the peripheries
thereof, and spacers, which are made of glass fibers or glass beads, for
keeping a predetermined distance between the substrates are mixed
therein.

[0039]

As shown in FIG. 2, the pixel-switching TFT 30 for
performing switching control of the pixel electrode 9a is provided on
the TFT array substrate 10 at a location corresponding to the pixel
electrode 9a.

[0040]

To explain in greater detail, the insulating film (insulator
layer) 12 is provided between the TFT array substrate 10 and the
semiconductor layer la. The insulating film 12 is formed over the
entire surface of the TFT array substrate 10 to eliminate the effects of
impurities from the TFT array substrate 10 and to form the TFT 30 as
a semiconductor element.

[0041]

The insulating film 12 is constituted by, for example,
highly insulative glass such as NSG (non-doped silicate glass), PSG
(phosphosilicate glass), BSG (borosilicate glass), or BPSG
(borophosphosilicate glass), or a silicon oxide film, a silicon nitride
film, or the like.

[0042]

The pixel-switching TFT 30 has an LDD (lightly doped
drain) structure, and comprises: the scan line 3a; the channel region
1a' of the semiconductor layer 1a in which a channel is formed by the
electric field from the scan line 3a; the gate-insulating film 2
insulating the scan line 3a and the semiconductor layer 1a; the data
line 6a; a low-density source region (source-side LDD region) 1b and
a low-density drain region (drain-side LDD region) 1c of the
semiconductor layer 1a; and the high-density source region 1d and the
high-density drain region le of the semiconductor layer 1a. The source
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regions 1b and 1d and the drain regions 1c and le are formed by
doping the semiconductor layer 1a with a prescribed concentration of
an n-type or p-type dopant depending on which type of channel, n-
type or p-type, is to be formed. An n-type channel TFT has the
advantage of fast operating speed and is often used as the pixel-
switching TFT 30, which is a switching element of a pixel.

[0043]

The pixel-switching TFT 30 preferably has an LDD
structure as described above, but may have an offset structure in
which impurity ions are not implanted into the low-density source
region 1b and the low-density drain region lc, or may be a self-
aligned TFT, in which impurity ions are implanted at high densities,
using the gate electrode 3a as a mask, and the high-density source and
drain regions are formed in a self-aligned manner.

[0044]

An interlayer insulating film 311 is formed over the scan
line 3a, the gate-insulating film 2, and the insulating film 12.The drain
electrode 302 and the source electrode 303 are formed over the
interlayer insulating film 311.The contact hole 82 leading to the high-
density source region 1d and the contact hole 83 leading to the high-
density drain region le are each formed in the interlayer insulating
film 311.The source electrode 303 is electrically connected to the
high-density source region 1d via the contact hole 82. In addition, the
drain electrode 302 is electrically connected to the high-density drain
region le of the semiconductor layer 1a via the contact hole 83.

[0045]

An insulating film 301 is formed over the drain electrode
302 and the source electrode 303, and the capacitor line 300 is
disposed at a position opposing the drain electrode 302 with the
insulating film sandwiched therebetween. The capacitor line 300 also
serves as a light-shielding film and is disposed above the TFT 30, thus
making it possible to effectively block light advancing from above in
the paper plane, and keep that light from impinging upon the TFT 30.

[0046]

In the present embodiment, the capacitor line 300 and the
drain electrode 302 are layered and disposed so as to overlap with the
insulating film 301 interposed therebetween, thereby forming the
storage capacitor 70-1.

[0047]

The capacitor line 300 is preferably composed of a light-
shielding refractory metal such as a single metal, an alloy, a metal
silicide, or the like including at least one of Ti, Cr, W, Ta, Mo, and Pd,
a light-shielding metal film of Al or the like, etc.

[0048]

If it is composed of a refractory metal material, then it is
possible to keep the capacitor line 300 from breaking or melting
during high-temperature treatment in the element substrate formation
processes, such as the data line 6a formation process, performed after
the process of forming the capacitor line 300 on the TFT array
substrate 10. In the present embodiment, the capacitor line 300, which
also serves as a light-shielding film, is formed over the TFT 30 on the
TFT array substrate 10; thus, situations in which light from the liquid-
crystal layer 50 side of the TFT array substrate 10 enters the channel
region la' or the LDD regions 1b, 1c of the pixel-switching TFT 30
can be prevented. As shown in FIG. 1, the capacitor line 300
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constitutes the wide-width portions 300a, 300b in the vicinity of the
TFT so as to cover the corner portions of the pixel electrode 9a; thus,
it is possible to block light advancing in an oblique direction toward
the TFT 30 from the corner portions of the pixel electrode 9a.
Accordingly, there is no change in the characteristics of the TFT 30 as
a transistor element due to the generation of light-leakage current.

[0049]

An interlayer insulating film 312 is disposed over the
capacitor line 300 and the insulating film 301, and the aforementioned
contact holes 81 and contact holes 84 are formed in the interlayer
insulating film 312. The data line 6a is formed over the interlayer
insulating film 312. The data line 6a is constituted by a light-shielding
thin film, such as a metal film of Al or the like or an alloy film of a
metal silicide or the like. The insulating film 7 is formed over the data
line 6a, and the pixel electrode 9a or the alignment layer 16 is formed
over the insulating film 7.

[0050]

The source electrode 82 and the data line 6a are electrically
connected via the contact hole 81. In addition, the drain electrode 302
and the pixel electrode 9a are electrically connected via the contact
hole 84.

[0051]

The thus-configured element substrate 100 for electro-
optical devices and the opposing substrate are bonded together while
maintaining a minute interval therebetween, and a liquid-crystal layer
is sandwiched in the space to form a liquid-crystal display panel.
[0052]

(Second Embodiment)

FIG. 3 and FIG. 4 are drawings illustrating the structure of
an element substrate for electro-optical devices according to a second
embodiment of the present invention, with FIG. 3 being an enlarged
plan view showing a plurality of mutually adjacent pixel groups of the
element substrate for electro-optical devices on which data lines, scan
lines, pixel electrodes, light-shielding films, and the like are formed,
and FIG. 4 being a cross-sectional view along line B-B' in FIG. 3. The
present second embodiment differs from the previous first
embodiment in that, instead of forming the capacitor lines 300 with a
wide width, the data lines 6a running up and down in the paper plane
are formed with a wide width in the vicinities of the TFTs 30, as
shown in FIG. 3, and made to serve as light-shielding layers against
the incidence of light from the corner portions of the pixel electrodes
9a.

[0053]

First, a planar structure within a pixel portion (image
display region) of an element substrate for electro-optical devices
according to the present invention will be described in detail based on
FIG. 3. Note that component members having the same functions as in
FIG. 1 and FIG. 2 are indicated by the same symbols in FIG. 3 and
FIG. 4.

[0054]

In the element substrate 100 for electro-optical devices, as
shown in FIG. 3, the plurality of transparent pixel electrodes 9a
(outlines indicated by the dashed lines 9a') is provided in a matrix
shape in a pixel portion on the TFT array substrate, and the data lines
6a and the scan lines 3a are provided along the vertical and horizontal
boundaries, respectively, of the pixel electrodes 9a. The pixel-
switching TFT 30, which is for performing switching control of the
corresponding pixel electrode 9a, is provided in a corner portion of
each of the pixel electrodes 9a along the corresponding data line 6a.
[0055]

The data lines 6a are electrically connected to the source
electrodes 303 (described below) via the contact holes 81. The scan
lines 3a are disposed so as to oppose the channel regions la' (the
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regions of diagonal lines rising up and to the left in FIG. 1) of the
semiconductor layers 1a, and the scan lines 3a also function as gate
electrodes. The data lines 6a extend linearly but have wide-width
portions 6a' protruding in the direction of the scan lines 3a (i.e., the
left-right direction in the paper plane as seen in plan view) at portions
intersecting the scan lines 3a. Moreover, the data lines 6a are formed
diagonally with wide widths so as to cover the corner portions the
pixel electrodes 9a at the wide-width portions 6a' in the vicinities of
the TFTs 30. By creating such a structure, the wide-width portions 6a'
of the data lines 6a each block light advancing from the liquid-crystal
layer 50 side (the direction perpendicular to the paper plane) of the
TFT array substrate 10 in each pixel portion, and also block light
advancing obliquely with respect to the direction of the TFTs 30 from
the corner portions of each pixel, thus making it possible to effectively
block light incident on the TFTs 30, including the channel regions 1a'
of the semiconductor layers la.

[0056]

The contact holes 84 are provided on sides along the scan
lines 3a of the pixel electrodes 9a, and the pixel electrodes 9 and the
drain electrodes 302 are electrically connected. The contact holes 81
and 82 are provided on one-end sides of the TFTs 30. The contact
holes 81 electrically connect the source electrodes 303 (indicated by
dash-dotted lines in the drawings), which serve as relay electrodes,
and the data lines 6a, while the contact holes 82 electrically connect
the source electrodes 303 and the high-density source regions 1d of
the semiconductor layers 1a. The contact holes 83 are provided on
other-end sides of the TFTs 30, and the contact holes 83 electrically
connect the drain electrodes 302, which serve as relay electrodes, and
the high-density drain regions le of the semiconductor layers la.

[0057]

The capacitor lines 300 overlap the scan lines 3a and are
provided in the left-right direction in the paper plane along the
boundaries of the pixel electrodes 9a. Furthermore, the capacitor lines
300 are provided substantially linearly and also overlapping the data
lines 6a.

[0058]

Furthermore, the capacitor lines 300, together with the L-
shaped drain electrodes 302 (indicated by dash-dotted lines in the
drawings), which are disposed overlapping and opposing with
interposed insulating films in the substantially linearly extending
portions overlapping the scan lines 3a, form the storage capacitors 70-
1. In addition, together with the drain electrodes 302 (indicated by
dash-dotted lines in the drawings) disposed overlapping and opposing
with interposed insulating films in the substantially linearly extending
portions overlapping the data lines 6a, they form storage capacitors
70-2.

[0059]

As a result, the spaces apart from the aperture regions,
which are the regions in the vicinities of the data lines 6a and the
regions in the vicinities of the scan lines 3a in which disclinations of
the liquid crystal occur (i.e., the regions in which the capacitor lines
300 are formed), are effectively used to increase the storage
capacitance of the pixel electrodes 9a. In this manner, capacitance is
ensured by the storage capacitors 70-1 and the storage capacitors 70-2
in the present embodiment in order to stabilize the display screen.

[0060]

Next, the cross-sectional structure in the pixel portion of
the element substrate 100 for electro-optical devices according to the
second embodiment is as shown in FIG. 4, and is cut along line B-B'
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passing through the contact holes 81, 82, the TFT 30, and the contact
hole 84 in FIG. 3; thus, the structure is exactly the same as in the first
embodiment shown in FIG. 2. Accordingly, descriptions will be
omitted here. In the present embodiment, as described above, the data
line 6a is configured to have a wide width as seen in plan view in the
vicinity of the TFT, and also to have a wide width diagonally so as to
cover corner portions of the pixel, thus making it possible to
effectively block light obliquely approaching the TFT from the
aperture portion of the pixel region, especially the comer portions of
the pixel region. As a result, no light-leakage current is generated in
the TFT, and the switching characteristics of the TFT do not change;
thus, a stable and sharp display screen can be obtained.

[0061]
(Third Embodiment)

Next, a third embodiment of the present invention is shown
in FIG. 5 to FIG. 9. Component members having the same functions
have the same symbols in FIG. 5 to FIG. 9.

[0062]

FIG. 5 to FIG. 9 are drawings illustrating the structure of
an element substrate for electro-optical devices according to a third
embodiment of the present invention; and FIG. 5 is an enlarged plan
view showing a portion of the element substrate for electro-optical
devices according to the present invention, wherein the TFT 30 is
provided in a corner portion of one pixel electrode 9a and the data line
and the scan line are formed along the boundaries of the pixel
electrode 9a. FIG. 6 depicts a cross-sectional view along line C-C' in
FIG. 5, FIG. 7 depicts a cross-sectional view along line X-X' in FIG.
5, FIG. 8 depicts a cross-sectional view along line Y-Y' in FIG. 5, and
FIG. 9 depicts a cross-sectional view along line Z-Z' in FIG. 5. A
difference between the present third embodiment and the preceding
first and second embodiments is that the capacitor lines are divided
into two parts, and fixed-potential capacitor electrodes are disposed
between the data lines and pixel-potential capacitor electrodes along
the data lines, preventing the data lines and the pixel-potential
capacitor electrodes from affecting each other and adversely affecting
display due to capacitive coupling. In addition, the fixed-potential
capacitor electrodes are disposed between the pixel-potential capacitor
electrodes and the scan lines along the scan lines, thereby preventing
the pixel-potential capacitor electrodes and the scan lines from
affecting each other due to capacitive coupling.

[0063]

Furthermore, a point is that the respective capacitor wires
are configured to a wide width in the vicinities of the TFTs.
Furthermore, a point is that contact holes for the pixel electrodes are
provided in the portions of the capacitor lines expanded to wide width
in the vicinities of the TFTs in the corner portions of the pixel
electrodes.

[0064]

First, a planar structure within a pixel portion (image
display region) of the element substrate 100 for electro-optical devices
according to the present invention will be described in detail based on
FIG. 5.

[0065]

In the element substrate 100 for electro-optical devices
according to the third embodiment of the present invention, as shown
in FIG. 5, the plurality of transparent pixel electrodes 9a (outlines
indicated by dashed lines 9a') is provided in a matrix shape in the
pixel portions on the TFT array substrate, and the data line 6a and the
scan line 3a are respectively provided along the vertical and horizontal
boundaries of the transparent pixel electrodes 9a. The pixel-switching
TFT 30, which is for performing switching control of its
corresponding pixel electrode 9a, is provided in a corner portion of
each of the pixel electrodes 9a along the data lines 6a. A contact hole
ACNT is provided on one end side of the TFT 30, and a contact hole
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BCNT is provided on the other end side. The data line 6a is
electrically connected to the high-density source region 1d of the
semiconductor layer 1a, to be described later, via the contact hole
ACNT, and a capacitor electrode 403a (indicated by solid lines in the
drawing), to be described later, is electrically connected to the high-
density drain region le of the semiconductor layer 1a via the contact
hole BCNT. Furthermore, a contact hole SCNT is provided in the
direction of the data line 6a; and a capacitor electrode 404a and a
light-shielding film 11a (indicated by dashed lines in the drawing), to
be described later, are electrically connected and held at the same
potential. The light-shielding film 11a is provided overlapping the data
line 6a and the scan line 3a along the boundaries of each pixel on the
TFT array substrate. The data line 6a extends linearly in the vertical
direction in the paper plane along one side of the pixel electrode 9a.

[0066]

One of the capacitor electrodes 403a having the pixel
potential is provided overlapping the data line 6a, and a wide-width
portion 403a’' protruding into a corner portion of one pixel electrode in
one direction of the scan line 3a (i.e., the rightward direction in the
paper plane as seen in plan view) is formed at a portion intersecting
the scan line 3a.

[0067]

In addition, one of the capacitor electrodes 404a having a
fixed potential is also provided overlapping the data line 6a, and a
wide-width portion 404a’ protruding into corner portions of two pixel
electrodes in one direction of the scan line 3a (i.e., the leftward
direction in the paper plane in plan view) is formed at a portion
intersecting the scan line 3a. Furthermore, the one capacitor electrode
404a having a fixed potential has a wide-width portion 404a"
protruding into one pixel electrode in the other direction of the scan
line 3a (i.e., the rightward direction in the paper plane as seen in plan
view) at a portion intersecting the scan line 3a. A contact hole CCNT
is provided in this wide-width portion 404a"; and the capacitor
electrode 404a having a fixed potential and a 403b to be described
later are electrically connected and held at the same potential via the
contact hole CCNT. In addition, one more capacitor electrode 403b
having a fixed potential is provided overlapping the scan line 3a, and
one end of the capacitor electrode 403b is connected to the capacitor
line 404a via the aforementioned contact hole CCNT. Furthermore,
another capacitor electrode 404b having the pixel potential is also
provided opposing the capacitor electrode 403b overlapping the scan
line 3a, and the capacitor electrode 404b having the pixel potential
protrudes in the direction of one pixel electrode at a corner portion of
the pixel electrode to form a protruding portion 404b'. This protruding
portion 404b' overlaps the wide-width portion 403a’ of the capacitor
electrode 403a having the previous pixel potential, and contact holes
DCNT and ICNT to be described later are formed here. The contact
hole DCNT electrically connects the capacitor line 404b having the
pixel potential and the capacitor electrode 403a, which are thereby
held at the same potential. In this manner, in the present embodiment,
the capacitor electrode 403a having the pixel potential and the
capacitor electrode 404a having a fixed potential, as well as the
capacitor electrode 403b having a fixed potential and the capacitor
electrode 404b having the pixel potential, are all formed with wide
widths and diagonally covering the corner portions of the pixel
electrodes in the vicinities of the TFTs, thereby making it possible to
block light incident from the
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pixel electrode direction, especially light incident obliquely to the TFT
direction from the comer portions of the pixel electrodes.

[0068]

In addition, although the ICNT can also be disposed in the
vicinity of the center of the side along the scan line rather than in a
corner portion, disposing the contact holes DCNT and ICNT in the
protruding portion 404b' of the pixel-potential capacitor electrode in
the corner portion of the pixel electrode 9a makes it possible to reduce
the interval between adjacent pixel electrodes in the vertical direction
in the paper plane, compared with the previous first embodiment and
second embodiment. In addition, by forming the contact holes in one
place, it is possible to make the regions in which disclinations occur,
due to disruption of the liquid crystal resulting from unevenness of the
contact holes, smaller and to make the aperture portions larger.

[0069]

Next, a cross-sectional structure in the pixel portion of the
element substrate 100 for electro-optical devices will be described
based on the drawings. FIG. 6 is a drawing showing a cross-sectional
structure, including the contact holes ACNT, BCNT and SCNT, along
line C-C'in FIG. 5. The element substrate 100 for electro-optical
devices comprises the TFT array substrate 10, which is constituted by
a light-transmissive glass substrate or quartz substrate, for example,
and the light-shielding film 11a, the pixel electrode 9a, the alignment
layer 16, and the pixel-switching TFT 30 for performing switching
control of the pixel electrode 9a are provided on the TFT array
substrate 10. The pixel electrode 9a is constituted, for example, by a
transparent conductive film such as an ITO film.

[0070]

The thus-configured pixel electrode 9a of the element
substrate 100 for electro-optical devices and a counter electrode (not
shown in the drawings) are disposed facing each other, and liquid
crystal is sealed between the TFT array substrate 10 and the opposing
substrate in a space enclosed by a sealing material (not shown in the
drawings). The alignment layer 16 and the alignment layer of the
counter electrode cause the liquid crystal to enter a prescribed
alignment state in the state in which an electric field from the pixel
electrode 9a is not being applied. The liquid crystal is constituted by,
for example, one type or a mixture of multiple types of nematic liquid-
crystal. The sealing material is, for example, an adhesive constituted
by a photosetting resin or a thermosetting resin for bonding the two
substrates together at the peripheries thereof, and spacers, such as
glass fibers or glass beads, for keeping a prescribed distance between
the substrates are mixed therein.

[0071]

As shown in FIG. 6, the pixel-switching TFT 30 for
performing switching control of the pixel electrode 9a is provided on
the TFT array substrate 10 at a position corresponding to the pixel
electrode 9a.

[0072]

To explain in greater detail, the insulating film (insulator
layer) 12 is provided between the TFT array substrate 10 and the
semiconductor layer 1a. The insulating film 12 is formed over the
entire surface of the TFT array substrate 10 to eliminate the effects of
impurities from the TFT array substrate 10 and form the TFT 30 as a
semiconductor element.

[0073]

As in the preceding embodiments, the insulating film 12 is
constituted by, for example, highly insulative glass such as NSG (non-
doped silicate glass), PSG (phosphosilicate glass), BSG (borosilicate
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glass), or BPSG (borophosphosilicate glass), or a silicon oxide film, a
silicon nitride film, or the like. The light-shielding film 11a composed
of a light-shielding metal is provided between the TFT array substrate
10 and the insulating film 12. The light-shielding film 11a overlaps the
data line 6a, the scan line 3a, and the capacitor electrodes 403a, 403D,
404a, 404b as seen in plan view, and is provided along the vertical and
horizontal boundaries of each pixel electrode. The light-shielding film
11ais connected to the capacitor electrode 404a via the contact hole
SCNT, and the fixed-potential capacitor electrode 404a is held at a
fixed potential to ensure the stability of the display screen. Disposing
the light-shielding film 11a in this manner makes it possible to block
returning light that has entered from the surface of the pixel region
and reflected off the bottom surface of the TFT array substrate 10.

[0074]

The pixel-switching TFT 30 also has an LDD (lightly
doped drain) structure, as in the preceding embodiments.

[0075]

In the present embodiment, fixed-potential and pixel-
potential capacitor electrodes constituted by light-shielding metal thin
films of Al or the like are formed so as to cover the TFT 30 from
directly above the TFT 30 and with wide widths in the vicinity of the
TFT 30, thereby making it possible to effectively prevent light
entering the channel region 1a' of the semiconductor layer 1a and the
LDD regions 1b, lc.

[0076]

The interlayer insulating film 311 is formed over the scan
line 3a, the gate-insulating film 2, and the insulating film 12, and the
contact hole ACNT and the contact hole BCNT are each formed in the
interlayer insulating film 311. The contact hole ACNT connects the
data line 6a and the high-density source region 1d of the
semiconductor layer la, and the contact hole BCNT connects the
capacitor electrode 403a and the high-density drain region le of the
semiconductor layer la.

[0077]

The pixel-potential capacitor electrode 403a is formed over
the interlayer insulating film 311. The fixed-potential capacitor
electrode 404a is formed over the capacitor electrode 403a with an
insulating film 401 interposed therebetween. The interlayer insulating
film 312 is formed over the fixed-potential capacitor electrode 404a
and the insulating film 401, and the previously mentioned contact hole
ACNT is formed in the interlayer insulating film 312. The data line 6a
is formed over the interlayer insulating film 312. The data line 6a is
preferably composed of a single metal, an alloy, a metal silicide, or the
like containing at least one of Ti, Cr, W, Ta, Mo, and Pd, which are
opaque refractory metals.

[0078]

The insulating film 7 is formed over the data line 6a and
the interlayer insulating film 312, and the pixel electrode 9a or the
alignment layer 16 is formed over the insulating film 7. By doing this,
the fixed-potential capacitor electrode 404a is present between the
data line 6a and the pixel-potential capacitor electrode 403a, and,
therefore, the data line 6a and the pixel-potential capacitor electrode
403a do not affect each other through capacitive coupling. Next, FIG.
7 depicts the main portions of a cross-sectional structure, including the
contact hole CCNT, along line X-X'in FIG. 5. FIG. 7 shows the fixed-
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potential capacitor electrode 404a and the fixed-potential capacitor
electrode 403b connected via the contact hole CCNT as previously
described. The semiconductor layer la covered by the gate-insulating
film 2 is shown in the portion crossing the TFT 30, and the data line
6a is disposed thereabove. Next, FIG. 8 depicts the cross-sectional
structure along line Y-Y' in FIG. 5.In the drawing, a contact hole is not
disposed in the cross section along line Y-Y', and the scan line 3a, the
fixed-potential capacitor electrode 403b, and the pixel-potential
capacitor electrode 404b are shown disposed in layers with insulating
films sandwiched therebetween. By doing this, the fixed-potential
capacitor electrode 403b is present between the pixel-potential
capacitor electrode 404b and the scan line 3a;therefore, the scan line
3a and the pixel-potential capacitor electrode 404b do not affect each
other through capacitive coupling. Finally, FIG. 9 depicts the main
portions of the cross-sectional structure, including the contact hole
BCNT, the contact hole DCNT, and the contact hole ICNT, along line
Z-Z'in FIG. 5. FIG. 9 depicts the high-density drain region le of the
semiconductor layer and the pixel-potential capacitor electrode 403a
connected via the contact hole BCNT, and the pixel-potential
capacitor electrode 403a connected to the pixel-potential capacitor
electrode 404b via the contact hole DCNT. Furthermore, the pixel-
potential capacitor electrode 404b is connected to the pixel electrode
9a corresponding to the TFT via the contact hole ICNT. The insulating
film 401 is formed between the pixel-potential capacitor electrode
403a and the fixed-potential capacitor electrode 403b, and between the
pixel-potential capacitor electrode 404a and the fixed-potential
capacitor electrode 404b to form a storage capacitor 70-3. The thus-
configured element substrate for electro-optical devices and the
opposing substrate are bonded together while maintaining a minute
interval therebetween, and a liquid-crystal layer is sandwiched in the
space to form a liquid-crystal display panel. In this manner, in the
present embodiment, the capacitor electrode 403a and the capacitor
electrode 404a, as well as the capacitor electrode 403b and the
capacitor electrode 404b, are all formed with wide widths and
obliquely covering the corner portions of the pixel electrodes in the
vicinities of the TFTs, thereby making it possible to block light
incident from the pixel electrode direction, especially light incident
obliquely to the TFT direction from the corner portions of the pixel
electrodes. Furthermore, contact holes for the pixel electrodes are
provided in the portions of the capacitor lines expanded to wide width
in the vicinities of the TFTs in the corner portions of the pixel
electrodes, thereby making it possible to widely utilize the aperture
portions of the pixel electrodes.

[0079]
(Fourth Embodiment)

FIG. 10 and FIG. 11 are drawings showing the structure of
an element substrate for electro-optical devices according to a fourth
embodiment of the present invention. FIG. 10 is an enlarged plan view
showing a portion of the element substrate for electro-optical devices
according to the present invention, wherein the TFT 30 is provided in
a corner portion of one of the pixel electrodes 9a, and the data line 6a
and the scan line 3a are formed around the pixel electrode 9a. FIG. 11
depicts a cross-sectional view along line D-D' in FIG. 10.

[0080]

In the present embodiment, as in the second embodiment
previously described, the light-shielding in the corner portions of the
pixel electrodes is constituted by data lines formed with wide widths
in the vicinities of the TFTs to form light-shielding films. The present
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fourth embodiment differs from the previous second embodiment in
that the capacitor wires are formed in parallel along the scan lines.

[0081]

First, a planar structure within a pixel portion (image
display region) of the element substrate 100 for electro-optical devices
according to the present invention will be described in detail based on
FIG. 10.

[0082]

In the element substrate 100 for electro-optical devices
according to the present embodiment, as shown in FIG. 10, the
plurality of transparent pixel electrodes 9a (outlines indicated by chain
lines 9a') is provided in a matrix shape in a pixel portion on the TFT
array substrate, and the data line 6a and the scan line 3a are
respectively provided along the vertical and horizontal boundaries of
the pixel electrodes 9a. In addition, the capacitor line 300 is provided
in parallel with the scan line 3a. The pixel-switching TFT 30 for
performing switching control of the pixel electrode 9a is provided in a
corner portion of each pixel electrode 9a along the data line 6a.

[0083]

The data line 6a is electrically connected to the high-
density source region 1d (to be described later) of the semiconductor
layer 1a via the contact hole 82, and the pixel electrode 9a is
electrically connected to the drain electrode 302 (to be described later)
via the contact hole 84 provided on a side along the scan line 3a. In
addition, the scan line 3a is disposed so as to oppose the channel
region 1a' (the region of diagonal lines rising up and to the left in the
drawing) of the semiconductor layer la, and the scan line 3a also
functions as a gate electrode.

[0084]

The capacitor line 300 is provided with a protruding
portion that protrudes in the left-right direction in the paper plane
along the boundaries of the pixel electrodes 9a in parallel with the
scan line 3a and in the upward direction in the paper plane along the
data line 6a from a location intersecting the data line 6a (in other
words, an extended region overlapping the data line 6a as seen in plan
view). The capacitor line 30—together with: the drain electrode 302
extending substantially linearly in parallel with the scan line 3a
opposingly disposed with an interposed insulating film; and the
portion (indicated by thin lines in the drawing) of the drain electrode
302 extending along the data line that protrudes upward in the paper
plane—forms the storage capacitor 70.

[0085]

The drain electrode 302 forms a protruding portion that
protrudes upward in the paper plane along the data line 6a from a
location intersecting the data line 6a (i.e., an extended region
overlapping the data line 6a as seen in plan view). Furthermore, it is
disposed opposing the capacitor line 300 with the gate-insulating film
2 interposed therebetween, thereby forming the storage capacitor 70.

[0086]

Next, the cross-sectional structure in the pixel portion of
the element substrate 100 for electro-optical devices will be described
based on FIG. 11. The element substrate 100 for electro-optical
devices comprises the TFT array substrate 10, which is constituted by
a light-transmissive glass substrate or quartz substrate, for example,
and a light-shielding film 420, the pixel electrode 9a, and the pixel-
switching TFT 30 for performing switching control of the pixel
electrode 9a are provided on the TFT array substrate 10. The
alignment layer 16, on which has been performed a prescribed
alignment process, such as a rubbing process, is provided above the
pixel electrode 9a. The pixel electrode 9a is constituted, for example,
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by a transparent conductive film such as an ITO film (indium tin oxide
film). In addition, the alignment layer 16 is constituted by, for
example, an organic film such as a polyimide film.

[0087]

The thus-configured pixel electrode 9a of the element
substrate 100 for electro-optical devices and a counter electrode (not
shown in the drawings) are disposed facing each other, and, as in the
previous embodiments, liquid crystal is sealed between the TFT array
substrate 10 and the opposing substrate in a space enclosed by a
sealing material (not shown in the drawings), thereby forming the
liquid-crystal layer 50.

[0088]

As shown in FIG. 11, the pixel-switching TFT 30 for
performing switching control of the pixel electrode 9a is provided on
the TFT array substrate 10 at a position corresponding to the pixel
electrode 9a.

[0089]

To explain in greater detail, the insulating film (insulator
layer) 12 is provided between the TFT array substrate 10 and the
semiconductor layer 1a. The insulating film 12 is formed over the
entire surface of the TFT array substrate 10 to eliminate the effects of
impurities from the TFT array substrate 10 and form the TFT 30 as a
semiconductor element.

[0090]

As in the preceding embodiments, the insulating film 12 is
constituted by highly insulative glass or a silicon oxide film, a silicon
nitride film, or the like. The light-shielding film 420 composed of a
light-shielding metal is provided between the TFT array substrate 10
and the insulating film 12. The light-shielding film 420 overlaps the
data line 6a, the scan line 3a, and the capacitor line 300 as seen in plan
view, and is provided along the vertical and horizontal boundaries of
each pixel electrode. Disposing the light-shielding film 420 in this
manner makes it possible to block returning light that has entered
from the surface of the pixel region and reflected off the bottom
surface of the TFT array substrate 10.

[0091]

As in the preceding embodiments, the pixel-switching TFT
30 also has an LDD (lightly doped drain) structure, and comprises: the
scan line 3a; the channel region 1a' of the semiconductor layer la in
which a channel is formed by the electric field from the scan line 3a;
the gate-insulating film 2 insulating the scan line 3a and the
semiconductor layer la; the data line 6a; the low-density source region
(source-side LDD region) 1b and the low-density drain region (drain-
side LDD region) 1c of the semiconductor layer 1a; and the high-
density source region 1d and the high-density drain region le of the
semiconductor layer la. A corresponding one of the plurality of pixel
electrodes 9a is connected to the high-density drain region le via the
contact hole 84.

[0092]

In the present embodiment, the data line 6a, which is
constituted by a light-shielding metal thin film of Al or the like, is
formed so as to cover the TFT 30 from directly above the TFT 30 and
with a wide width in the vicinity of the TFT 30, thereby making it
possible to effectively prevent light entering the channel region la' of
the semiconductor layer la and the LDD regions 1b, lc.

[0093]
The interlayer insulating film 4 is formed over the scan line

3a, the gate-insulating film 2, the capacitor line 300, and the insulating
film 12, and the contact hole 82 and the contact hole 84 are each
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formed in the interlayer insulating film 4.
[0094]

The data line 6a is formed over the interlayer insulating
film 4. The data line 6a is preferably composed of a single metal, an
alloy, a metal silicide, or the like that contains at least one of Ti, Cr, W,
Ta, Mo, and Pd, which are opaque refractory metals.

[0095]

The insulating film 7 is formed over the data line 6a and
the interlayer insulating film 4, and the pixel electrode 9a or the
alignment layer 16 is formed over the insulating film 7. The thus-
configured element substrate for electro-optical devices and the
opposing substrate are bonded together while maintaining a minute
interval therebetween, and a liquid-crystal layer is sandwiched in the
space to form a liquid-crystal display panel. In the present
embodiment, as described above, the data line 6a is configured to have
a wide width as seen in plan view in the vicinity of the TFT, and also
to have a wide width diagonally so as to cover the corner portion of
the pixel, thus making it possible to effectively block light obliquely
approaching the TFT from the aperture portion of the pixel region,
especially the corner portions of the pixel region. As a result, no light-
leakage current is generated in the TFT, and the switching
characteristics of the TFT do not change; thus, a stable and sharp
display screen can be obtained.

[0096]
(Fifth Embodiment)

FIG. 12 and FIG. 13 are drawings illustrating the structure
of the element substrate for electro-optical devices according to a fifth
embodiment of the present invention, with FIG. 12 being an enlarged
plan view showing a portion of the element substrate for electro-
optical devices according to the fifth embodiment of the present
invention, wherein the TFT 30 is provided at a corner portion of one
of the pixel electrodes 9a, and the data line 6a and the scan line 3a are
formed in the periphery of the pixel electrode 9a. FIG. 13 depicts a
cross-sectional view along line E-E' in FIG. 12. A difference of the
fifth embodiment from the previous first to fourth embodiments is
that, in the cross-sectional structure, a new light-shielding film 421 is
provided on the liquid-crystal layer 50 side above the data line 6a
directly above the TFT 30, and the light-shielding film 421 shields the
corner portion of the pixel electrode.

[0097]

First, a planar structure within a pixel portion (image
display region) of the element substrate 100 for electro-optical devices
according to the present invention will be described in detail based on
FIG. 12.

[0098]

In the element substrate 100 for electro-optical devices, as
shown in FIG. 12, the plurality of transparent pixel electrodes 9a
(outlines indicated by chain double-dashed lines 9a') is provided in a
matrix shape in the pixel portions on the TFT array substrate, and the
data line 6a and the scan line 3a are provided along the vertical and
horizontal boundaries, respectively, of the transparent pixel electrodes
9a. In addition, the capacitor line 300 is provided in parallel with the
scan line 3a. The pixel-switching TFT 30 for performing switching
control of the pixel electrodes 9a is provided in a corner portion of
each of the pixel electrodes 9a along the data line 6a.

[0099]

The data line 6a is electrically connected to the high-
density source region 1d of the semiconductor layer la via the contact
hole 82, and the pixel electrode 9a is electrically connected to the
drain electrode 302 via the contact hole 84 provided on a side along
the scan line 3a of the pixel electrode 9a. In addition, the scan lines 3a
are disposed so as to oppose the channel regions 1a' (the regions of
diagonal lines rising up and to the left in the drawing) of the
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semiconductor layers 1a, and the scan lines 3a function as gate
electrodes.

[0100]

The capacitor line 300 is provided with a protruding
portion extending in the left-right direction in the paper plane along
the boundaries of the pixel electrodes 9a in parallel with the scan line
3a, and, furthermore, protruding in the upward direction in the paper
plane along the data line 6a from a location intersecting the data line
6a (i.e., an extended region overlapping the data line 6a as seen in plan
view). The capacitor line 300, together with the drain electrode 302
extending substantially linearly in parallel with the scan line 3a
opposingly disposed with an interposed insulating film and the portion
(indicated by thin lines in the drawing) of the drain electrode 302
extending along the data line that protrudes upward in the paper plane,
forms a storage capacitor 70. The light-shielding film 421 (outlines
indicated by wavy lines in the drawing) is provided in a portion other
than the central portion of the pixel electrode 9a and other than the
contact hole 84 provided on a side along the scan line 3a of the pixel
electrode 9a, i.e., in the corner portions of the pixel electrode 9a and in
portions of the scan line 3a and data line 6a. The light-shielding film
421 is formed to diagonally cover the corner portions of the pixel so
as not to narrow the aperture region of each pixel. In addition, it is
formed avoiding the portion in which the contact hole is formed. The
light-shielding film 421 is provided at a location proximate to the
liquid-crystal layer above the data line 6a directly above the TFT 30,
as described below.

[0101]

Light incident from the direction perpendicular to the paper
plane, especially light that advances in an oblique direction from the
corner portions of the pixel electrode 9a toward the TFT, can be
effectively blocked by this newly provided light-shielding film 421,
making it possible to prevent the occurrence of light-leakage current
in the TFT.

[0102]

Next, the cross-sectional structure in the pixel portion of
the element substrate 100 for electro-optical devices will be described
based on FIG. 13. As in the preceding embodiments, the element
substrate 100 for electro-optical devices according to the present
embodiment comprises the TFT array substrate 10, which is
constituted by, for example, a light-transmissive glass substrate or
quartz substrate, and the light-shielding film 420, the pixel electrode
9a, and the pixel-switching TFT 30 for performing switching control
of the pixel electrode 9a are provided on the TFT array substrate 10.
The alignment layer 16, on which has been performed a prescribed
alignment process, such as a rubbing process, is provided above the
pixel electrode 9a.

[0103]

The thus-configured pixel electrode 9a of the element
substrate 100 for electro-optical devices and a counter electrode (not
shown in the drawings) are disposed facing each other, and liquid
crystal is sealed between the TFT array substrate 10 and the opposing
substrate in a space enclosed by a sealing material (not shown in the
drawings), thereby forming the liquid-crystal layer 50.

[0104]

As shown in FIG. 13, the pixel-switching TFT 30 for
performing switching control of the pixel electrode 9a is provided on
the TFT array substrate 10 at a position corresponding to the pixel
electrode 9a.

[0105]

The insulating film (insulator layer) 12 is provided
between the TFT array substrate 10 and the semiconductor layer 1a.
The insulating film 12 is constituted by highly insulative glass or a
silicon oxide film, a silicon nitride film, or the like. The light-
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shielding film 420 composed of a light-shielding metal is provided
between the TFT array substrate 10 and the insulating film 12, as in
the preceding third and fourth embodiments. The light-shielding film
420 overlaps the data line 6a, the scan line 3a, and the capacitor line
300, as seen in plan view, and is provided along the vertical and
horizontal boundaries of each pixel electrode. Disposing the light-
shielding film 420 in this manner makes it possible to block returning
light that has entered from the surface of the pixel region and reflected
off the bottom surface of the TFT array substrate 10.

[0106]

As in the preceding embodiments, the pixel-switching TFT
30 also has an LDD (lightly doped drain) structure and comprises: the
scan line 3a; the channel region 1a' of the semiconductor layer 1a in
which a channel is formed by the electric field from the scan line 3a;
the gate-insulating film 2 insulating the scan line 3a and the
semiconductor layer 1a; the data line 6a; the low-density source region
(source-side LDD region) 1b and the low-density drain region (drain-
side LDD region) lc of the semiconductor layer 1a; and the high-
density source region 1d and the high-density drain region le of the
semiconductor layer la. A corresponding one of the plurality of pixel
electrodes 9a is connected to the high-density drain region le via the
contact hole 84.

[0107]

In the present embodiment, the light-shielding film 421,
which is constituted by a light-shielding metal thin film, is formed so
as to cover, from above, the TFT 30 at a position in the cross-sectional
structure between the data line 6a directly above the TFT 30 and the
liquid-crystal layer 50, thereby making it possible to effectively
prevent light entering the channel region 1a' of the semiconductor
layer 1a and the LDD regions 1b, lc.

[0108]

The interlayer insulating film 4 is formed over the scan line
3a, the gate-insulating film 2, the capacitor line 300, and the insulating
film 12, and the contact hole 82 and the contact hole 84 are each
formed in the interlayer insulating film 4. The data line 6a is
electrically connected to the high-density source region 1d of the
semiconductor layer la via the contact hole 82, and the pixel electrode
9a is electrically connected to the high-density drain region le of the
semiconductor layer 1a via the contact hole 84.

[0109]

The data line 6a is formed over the interlayer insulating
film 4. The data line 6a is preferably composed of opaque Al or an Al
alloy, or a single metal, an alloy, a metal silicide, or the like containing
at least one of Ti, Cr, W, Ta, Mo, and Pd, which are opaque refractory
metals.

[0110]

The light-shielding film 421 sandwiched within the
insulating film 7 is formed over the data line 6a and the interlayer
insulating film 4, and the pixel electrode 9a or the alignment layer 16
is formed over the insulating film 7 above the light-shielding film 421.
The light-shielding film 421 is preferably composed of a single metal,
an alloy, or a metal silicide of at least one of Al, Ti, Cr, W, Ta, Mo, and
Pb, which are opaque metals.

[0111]

In this manner, the light-shielding film 421 is disposed at a
position on the TFT 30 between the TFT 30 and the liquid-crystal
layer 50. By disposing it on the liquid-crystal layer side above the TFT
30, light incident from the direction of the liquid-crystal layer (upward
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in the paper plane) can be prevented from impinging upon the TFT 30.
In addition, the light-shielding film 421 is configured to cover the
corner portions of each pixel as seen in plan view; thus, light incident
in an oblique direction from the comer portions of each pixel toward
the direction of the TFT 30 can be effectively blocked. The thus-
configured element substrate for electro-optical devices and the
opposing substrate are bonded together while maintaining a minute
interval therebetween, and a liquid-crystal layer is sandwiched in the
space to form a liquid-crystal display panel.

[0112]

Next, an electro-optical device using the element substrate
for electro-optical devices according to the present invention will be
described.

[0113]

An example of an electro-optical device using the element
substrate for electro-optical devices according to the present invention
is shown in FIG. 14 and FIG. 15.

[0114]

FIG. 14(a) is a perspective view showing an example of a
mobile phone. 1000 indicates a main body of a mobile phone, wherein
1001 is a liquid-crystal device using the element substrate for electro-
optical devices according to the present invention.

[0115]

FIG. 14(b) is a perspective view showing an example of a
wristwatch-type electronic apparatus. 1100 indicates a main body of a
watch, and 1101 is a liquid-crystal device using the element substrate
for electro-optical devices according to the present invention.

[0116]

FIG. 14(c) is a perspective view showing an example of a
portable information processing apparatus such as a word processor, a
personal computer, or the like. In the drawing, 1200 indicates an
information processing apparatus, 12002 is an input unit such as a
keyboard, 1204 is a main body of the information processing
apparatus, and 1206 is a liquid-crystal device using the element
substrate for electro-optical devices according to the present
invention.

[0117]

If the element substrate for electro-optical devices
according to the present invention is used in these electro-optical
devices, it is possible to effectively block light entering from the
comner portions of the pixel electrode toward the TFT, which is a
switching element for driving the pixel electrode; thus, no light enters
the channel region or the drain region of the TFT, and no leakage
current is generated in the TFT, and therefore there is no change in the
characteristics of the TFT, and a sharp image display can be obtained.
As an example of another electro-optical device, FIG. 15 shows an
example of a projection-type display apparatus (projector) in which
the liquid-crystal device using the element substrate for electro-optical
devices according to the present invention is an optical modulation
device. The projection-type display apparatus according to the present
example is constituted by: a polarized-light illuminating apparatus
1700 generally constituted by a light source unit 1710 disposed along
a system optical axis L, an integrator lens 1720, and a polarizing
optical element 1730; a polarizing beam splitter 1400 that causes an S-
polarized luminous flux emitted by the polarized-light illuminating
apparatus 1700 to be reflected by an S-polarized, luminous-flux
reflecting surface 1401; a dichroic mirror 1412 that separates a blue
light (B) component from the light reflected by the S-polarized,
reflecting surface 1401 of the polarizing beam splitter 1400; a
reflective, liquid-crystal, optical-modulating device 300B that
modulates the separated blue light (B); a dichroic mirror 1413 that
reflects and separates a red light (R) component of the luminous flux
after the blue light has been separated therefrom; a reflective, liquid-
crystal, optical-modulating device 1300R that modulates the separated
red light (R); a reflective, liquid-crystal, optical-modulating device
1300G that modulates the remaining green light (G) passing through
the dichroic



(13) Japanese Laid-open Patent Publication 2002-90721

mirror 1413; and a projecting optical system 1500 comprising a
projection lens that synthesizes the light modulated by the three
reflective, liquid-crystal, optical-modulating devices 1300B, 1300R,
1300G using the dichroic mirrors 1412, 1413 and the polarizing beam
splitter 1400, and projects this synthesized light onto a screen 1600. A
liquid-crystal device using the element substrate for electro-optical
devices according to the present invention is used for each of the three
reflective, liquid-crystal, optical-modulating devices 1300R, 1300G,
1300B. By using the element substrate for electro-optical devices
according to the present invention, it is possible to curtail the
generation of light-leakage current in the TFT due to light advancing
from the corner portions of a pixel near the TFT toward the channel
portion of the TFT, and a projection-type display device having
excellent switching characteristics and a yielding a vivid image
display can be created.

[0118]

EFFECTS OF THE INVENTION

According to the present invention, as described in detail
above, a light-shielding metal film is provided at a position between
the TFT and the pixel electrode, and the metal film is provided so as to
cover the corner portions of the pixel electrode; thus, light incident
from the pixel electrode direction, especially light that advances in an
oblique direction from the corner portions of the pixel electrode
toward the TFT, can be effectively blocked. As a result, no light-
leakage current is generated in the TFT, and there is no change in the
characteristics of the TFT as a switching element, making it possible
to obtain a vivid display screen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing illustrating the planar structure of a
first embodiment of an element substrate for electro-optical devices
according to the present invention.

FIG. 2 is a cross-sectional view along line A-A' of the
element substrate for electro-optical devices shown in FIG. 1.

FIG. 3 is a drawing illustrating the planar structure of a
second embodiment of the element substrate for electro-optical
devices according to the present invention.

FIG. 4 is a cross-sectional view along line B-B' of the
element substrate for electro-optical devices shown in FIG. 3.

FIG. 5 is a drawing illustrating the planar structure of a
third embodiment of the element substrate for electro-optical devices
according to the present invention.

FIG. 6 is a cross-sectional view along line C-C' of the
element substrate for electro-optical devices shown in FIG. 5.

FIG. 7 is a cross-sectional view along line X-X' of the
element substrate for electro-optical devices shown in FIG. 5.

FIG. 8 is a cross-sectional view along line Y-Y"' of the
element substrate for electro-optical devices shown in FIG. 5.
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FIG. 9 is a cross-sectional view along line Z-Z' of the
element substrate for electro-optical devices shown in FIG. 5.

FIG. 10 is a drawing illustrating the planar structure of a
fourth embodiment of the element substrate for electro-optical devices
according to the present invention.

FIG. 11 is a cross-sectional view along line D-D' of the
element substrate for electro-optical devices shown in FIG. 10.

FIG. 12 is a drawing illustrating the planar structure of a
fifth embodiment of the element substrate for electro-optical devices
according to the present invention.

FIG. 13 is a cross-sectional view along line E-E' of the
element substrate for electro-optical devices shown in FIG. 12.

FIG. 14 is a drawing illustrating examples of electro-
optical devices using the element substrate for electro-optical devices
according to the present invention.

FIG. 15 is a drawing illustrating another example of an
electro-optical device using the element substrate for electro-optical
devices according to the present invention.

FIG. 16 is a drawing illustrating the planar structure of a
conventional element substrate for electro-optical devices.

FIG. 17 is a cross-sectional view along line P-P' of the
conventional element substrate for electro-optical devices shown in
FIG. 16.

EXPLANATION OF THE REFERENCE NUMBERS

la Semiconductor layer

1a' Channel region

1b Low-density source region

lc Low-density drain region

1d High-density source region

le High-density drain region

3a Scan line

6a Data line

9a Pixel electrode

10 TFT array substrate

1la Light-shielding film

16 Alignment layer

30 TFT

50 Liquid-crystal layer

70 Storage capacitor

81, 82, 83, 84, ACNT, BCNT, CCNT, DCNT, ICONT Contact holes
100 Element substrate for electro-optical devices
300 Capacitor line

420,421 Light-shielding films
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I, Jonathan Christian Merz, declare as follows:

1. I am over 21 years of age and am competent to make this declaration.

2. I am a native speaker of English.

3. I am fluent in Japanese.

4. I have 15 years of experience translating Japanese to English.

5.  Itranslated the attached patent document "JP2002090721A" from
Japanese to English.

6. I certify that the translation of the document "JP2002090721A" is, to
the best of my knowledge, a true and accurate translation from Japanese to English.

7.  Insigning this declaration, I understand that the translation and this
declaration may be filed as evidence in a contested case. I acknowledge that I may
be subject to cross-examination within the United States.

8. I declare under penalty of perjury that all statements made herein are
true and accurate to the best of my knowledge and belief, and that these statements
were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of

the United States Code.

Executed: May 29, 2024 By: Q\gi_& U\>

Jonathan éhristiaﬁ( Merz
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