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(54) [Title of Invention] ELECTRO-OPTICAL DEVICE

(57) [Scope of Patent Claims]
[Claim 1]

An electro-optical device, comprising, in an image display region on a substrate, a plurality of pixel electrodes,
a capacitance line composed of a first conductive film for adding an accumulated capacitance to the pixel
electrodes, and a data line composed of a second conductive film laminated on the first conductive film,
sandwiching an interlayer insulation film; and

comprising, in a peripheral region located in a periphery of the image display region on the substrate, a
peripheral circuit including a circuit pertaining to driving of the data line, a signal line connected to the
peripheral circuit and composed of the first conductive film, and a shield composed of the second conductive
film and that electrically shields the signal line from above.

[Claim 2]
The electro-optical device according to claim 1, wherein:
the shield further has a main line portion that electrically shields the signal line from above and side wall
portions extending from the main line portion and embedded in at least a groove dug in the interlayer insulating
film; and
the signal line is electrically shielded from three directions when viewed in a cross-section of the signal
line by the main line portion and the side wall portions.
[Claim 3]
The electro-optical device according to claim 2, wherein:
the shield further has a bottom wall portion composed of another conductive film laminated below the
signal line, sandwiching another interlayer insulation film; and
the signal line is electrically shielded from four sides when viewed in a cross-section of the signal line
by the main line portion, the side wall portions, and the bottom wall portion.
[Claim 4]
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The electro-optical device according to any one of claims 1 to 3, wherein the signal line further includes an
image signal line that supplies an image signal.
[Claim 5]
The electro-optical device according to any one of claims 1 to 4, wherein:
the peripheral circuit further includes a sampling circuit that samples the image signal; and
the signal line includes a relay wiring that relays and connects the image signal line that supplies the
image signal, and the sampling circuit.
[Claim 6]
The electro-optical device according to any one of claims 1 to 5, wherein:
the peripheral circuit further includes a sampling circuit that samples the image signal; and
the signal line include a gate signal line of the sampling circuit.
[Claim 7]

The electro-optical device according to any one of claims 1 to 6, wherein the signal line further includes a
control signal line that supplies a control signal including at least one of a clock signal and a waveform
selection signal.

[Claim 8]
The electro-optical device according to any one of claims 1 to 7, wherein:
the signal line further includes the image signal line that supplies the image signal, and the control signal
line that supplies the control signal including at least one of the clock signal and the waveform selection signal;
the shield includes a first portion that electrically shields the image signal line, and a second portion that
electrically shields the control signal line; and
the first portion is fixed to a first constant potential and the second portion is fixed to a second constant
potential that is different from the first constant potential.
[Claim 9]

The electro-optical device according to any one of claims 1 to 8, wherein the shield is divided for each signal
line.
[Claim 10]

The electro-optical device according to any one of claims 1 to 8, wherein the shield is divided for each
plurality of signal lines.
[Claim 11]

The electro-optical device according to any one of claims 1 to 10, wherein at least one of the first conductive
film and the second conductive film is formed from a film containing a metal.
[Claim 12]

The electro-optical device according to any one of claims 1 to 11, further comprising, in the image display
region, a scan line composed of a third conductive film laminated below the first conductive film on the
substrate, and

further comprising, in the peripheral region, another shield composed of the third conductive film and that
electrically shields the signal lines from below.

[Claim 13]

The electro-optical device according to claims 1 to 12, further comprising, in the image display region, a thin
film transistor connected between the data line and the pixel electrodes, and a conductive light-shielding film
laminated below the first conductive film and the thin film transistor on the substrate that light-shields at least a
channel region of the thin film transistor, and

further comprising, in the peripheral region, another shield composed of the light-shielding film that
electrically shields the signal lines from below.

[Claim 14]

The electro-optical device according to any one of claims 1 to 13, wherein the shield is composed of a main

line or branched wiring of a power supply wiring.

[Detailed Description of Invention]

[0001]

[Technical Field of Invention]

The present invention belongs to the technical field of electro-optical devices such as liquid crystal devices, and
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particularly belongs to the technical field of electro-optical devices in a form wherein a peripheral circuit, such
as a data line drive circuit or a sampling circuit, is provided on a peripheral region of a TFT array substrate and
drives data lines in response to image signals, clock signals, and the like.

[0002]

[Background Art]

In an active matrix driving-type electro-optical device using TFT driving, many scan lines and data lines are
respectively arranged vertically and horizontally, and many of pixel electrodes corresponding to each
intersection thereof are provided on a TFT array substrate. Also, in addition to the above, peripheral circuits
such as data line drive circuits, sampling circuits, and scan line drive circuits, and moreover, signal lines such as
image signal lines and control signal lines (for example, clock signal lines and waveform selection signal lines)
connected to such peripheral circuits may be provided in the peripheral region on a TFT array substrate.

[0003]

In this case, a reference clock which serves as a reference for image signal supply timing (hereinafter referred to
as “X-side reference clock™), a control signal of a waveform selection signal and the like to prevent what is
commonly known as ghosting, an image signal corresponding to the content of an image to be displayed, a
positive or negative constant potential power supply, and the like are each supplied to the data line drive circuit
via an external input terminal and wiring provided on a TFT array substrate. On the other hand, a reference
clock which serves as a reference for scan signal supply timing (hereinafter referring to as “Y-side reference
clock™), a positive or negative constant potential power supply, and the like are also supplied to the scan line
drive circuit via an external input terminal and wiring provided on the TFT array substrate Then, for example, a
scan signal is supplied from the scan line drive circuit to the scan line, in a line-by-line sequence, at a timing
based on the Y-side reference clock. Accordingly, the data line drive circuit drives in sequence, at timings based
on the X-side reference clock, sampling circuitry which samples an image signal which has been input, and an
image signal is supplied to a data line from the sampling circuitry. As a result, each TFT connected to a gate
enters a conductive state in response to the scan signal provided by the scan line, and an image signal is
supplied to a pixel electrode via the data line and the TFT to perform image display in each pixel.

[0004]

Particularly in recent years, with the increase in resolution of displayed images, extremely high-frequency serial
image signals are being input. For example, the dot frequency of an image signal is about 65 MHz in XGA
display mode, and about 135 MHz in SXGA display mode, which are modes used in high-resolution computer
screens in recent times, far exceeding the dot frequency (about 30 MHz) in conventional VGA display mode. In
order to accommodate this, the frequency of the X-side reference clock supplied to the data line drive circuit in
particular also becomes extremely high. Furthermore, in order to reduce the frequency of such a high image
signal down to a frequency capable of being sampled by a sampling circuit, at a stage before being input to an
electro-optical device, a serial-to-parallel conversation process to convert a high-frequency serial image signal
into a plurality of parallel image signals is performed. For example, in the VGA display mode described above,
conversion to about 6 parallel image signals is performed, and for example, in the XGA display mode and the
SXGA display mode, conversion to, for example, about 12 or 24 parallel image signals is required, depending
on the performance of the sampling circuit.

[0005]

[Problem to Be Solved by Invention]

However, due to the demand for high-quality image display in recent years, the high-frequency noise generated
by the clock cannot be ignored. In other words, in a configuration in which, for example, a conventional X-side
reference clock having a relatively low frequency is supplied to a data line drive circuit for driving a sampling
circuit, when the frequency of the clock signal is increased in this configuration as-is, high-frequency clock
noise will be generated within the image signal input to the sampling circuit or within the image signal output
from the sampling circuit, and this changes the image signal to be supplied to the data line. Which an image
signal which has been changed is received, such as this one, the image displayed by each pixel electrode also
changes, which is a problem. For example, when performing intermediate levels of gradation display in each
pixel, a very small noise of several mV to several tens of mV intrudes into the image signal. However, this is
noise which appears visibly within the displayed image. This is because, compared with performing the display
of white or black levels corresponding to the highest or lowest liquid crystal drive voltage (for example, voltage
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from 0 to 5V), the change in liquid crystal transmittance is steeper with respect to liquid crystal drive voltage
changes at intermediate gradation levels. When thus achieving a highly accurate multi-gradation display, high-
frequency clock noise is a serious problem.

[0006]

On the other hand, as described above, serial-to-parallel conversion can be used to reduce the frequency of
image signals supplied to the sampling circuit by increasing the number of parallel image signals, but the
number of external input terminals and image signal lines that must be provided on the substrate of the electro-
optical device must be increased in accordance with this increase in the number of parallel image signals.
Therefore, many signal lines must be disposed extremely close to each other in the peripheral region on a
substrate having limited space, and as a result, one of the proximally disposed signal lines (for example, a clock
signal line) will cause a problem by, as a source of noise, increasing the noise by interfering with the signal on
another signal line (for example, an image signal line). Moreover, the more the number of parallel image signals
is increased by serial-to-parallel conversion, the more the area occupied by block ghosting (that is, a block-
shaped type of ghosting that occurs when a group of pixel electrodes corresponding to a plurality of data lines
supplied by parallel image signals is generated in one place) caused by a lack of writing ability to the pixel
electrodes increases in the image display region. As a result, block ghosting also becomes visually prominent,
which is a serious problem.

[0007]

The present invention is considered in light of the problems described above, and has an object to provide an
electro-optical device having reduced noise in signals on signal lines provided in peripheral regions on a
substrate and capable of displaying high-quality images.

[0008]

[Means for Solving Problem]

In order to solve the foregoing problems, the electro-optical device of the present invention is provided with, in
an image display region on a substrate, a plurality of pixel electrodes, a capacitance line composed of a first
conductive film for adding an accumulated capacitance to the pixel electrodes, and a data line composed of a
second conductive film laminated on the first conductive film, sandwiching an interlayer insulation film, and
provided with, in a peripheral region located in a periphery of the image display region on the substrate, a
peripheral circuit including a circuit pertaining to driving of the data line, a signal line connected to the
peripheral circuit and composed of one of the first conductive film and the second conductive film, and a shield
composed of the other of the first conductive film and the second conductive film that electrically shields the
signal line from at least one direction.

[0009]

According to the electro-optical device of the present invention, in the image display region, a second
conductive film that forms a data line is laminated on the first conductive film that forms a capacitance line,
sandwiching the interlayer insulation film. In the peripheral region, a signal line that is connected to the
peripheral circuit is formed from one of the first conductive film and the second conductive film, and a shield
that electrically shields the signal line from at least one direction (for example, upward or downward) is formed
from the other of the first conductive film and the second conductive film. Therefore, by utilizing the second
conductive film that forms the data line while forming the signal line in the peripheral region utilizing the first
conductive film that forms the capacitance line, electromagnetic noise interference in the signal on the signal
line can be effectively reduced, or the generation of electromagnetic noise from the signal line can be
effectively reduced. Alternatively, by utilizing the first conductive film forming the capacitance line to form the
signal line in the peripheral region while utilizing the second conductive film forming the signal line to
electrically shield the signal line, electromagnetic noise interference in the signal on the signal line can be
effectively reduced, or the generation of electromagnetic noise from the signal line can be effectively reduced.
Moreover, in any case, a dedicated membrane does not need to be formed separately to form the signal line and
the shield in the peripheral region, which is advantageous in terms of simplifying the device configuration and
manufacturing process. In particular, when the pixel pitch is reduced and the driving frequency is increased in
order to improve image quality, generally the noise associated with such signal lines increases relatively.
Therefore, a configuration in which signal lines such as image signal lines, control signal lines, and the like
wired in the peripheral region as in the present invention are electrically shielded is greatly advantageous for
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reducing the pixel pitch or increasing the driving frequency.

[0010]

The term “circuit pertaining to the driving of the data line” in the peripheral circuit of the present invention has
a broad meaning including, for example, all circuits related to the driving of a data line or the supplying of an
image signal to a data line, including a data line drive circuit for driving a data line, a sampling circuit for
applying an image signal to a plurality of data lines at a predetermined timing under control by a sampling
circuit drive signal from the data line drive circuit, a pre-charge circuit for supplying a pre-charge signal of a
predetermined voltage level to the plurality of data lines prior to the image signal, and the like. Furthermore, the
term “peripheral circuit” refers to any circuit, other than a circuit pertaining to the driving of such data lines,
that is built into the peripheral region, for example, a circuit pertaining to the driving of the scan line, or an
inspection circuit for inspecting the quality, defects, or the like of the electro-optical device during
manufacturing or shipment.

[0011]

As aresult, a relatively simple device configuration reduces noise in image signals and the like, enabling an
electro-optical device capable of displaying high-quality images.

[0012]

In one aspect of the electro-optical device of the present invention, the shield is composed of the second
conductive film, and the signal line composed of the first conductive film is electrically shielded from above.
[0013]

According to this aspect, a signal line such as an image signal line composed of the first conductive film is
electrically shielded from above by a shield composed of the second conductive film. Therefore, it is possible to
effectively reduce the electromagnetic noise interference from other signal lines, wiring, or circuits or elements
as noise sources located mainly above or to the sides of each signal line.

[0014]

In this aspect, the shield may further have a main line portion that electrically shields the signal line from above
and side wall portions extending from the main line portion and embedded in at least a groove dug in the
interlayer insulating film, and the signal line may be electrically shielded from three directions when viewed in
a cross-section of the signal line by the main line portion and the side wall portions.

[0015]

When configured in this manner, a signal line such as the image signal line composed of the first conductive
film is electrically shielded from three directions, above and on the sides, by a shield composed of the second
conductive film. Therefore, it is possible to more effectively reduce the electromagnetic noise interference from
other signal lines, wiring, or circuits or elements as noise sources located mainly above or to the sides of each
signal line.

[0016]

In this case, the shield may be configured to further have a bottom wall portion composed of another conductive
film laminated below the signal line, sandwiching another interlayer insulation film, and the signal line may be
electrically shielded from four directions when viewed in a cross-section of the signal line by the main line
portion, the side wall portions, and the bottom wall portion.

[0017]

When configured in this manner, a signal line such as the image signal line composed of the first conductive
film is electrically shielded from four directions, above, on the sides, and below by a shield composed of the
second conductive film and another conductive film. Therefore, it is possible to extremely effectively reduce the
electromagnetic noise interference from other signal lines, wiring, or circuits or elements as noise sources
located in four directions of each signal line.

[0018]

In another aspect of the electro-optical device of the present invention, the shield is composed of the first
conductive film, and the signal line composed of the second conductive film is electrically shielded from below.
[0019]

According to this aspect, a signal line such as the image signal line composed of the second conductive film is
electrically shielded from below by a shield composed of the first conductive film. Therefore, it is possible to
effectively reduce the electromagnetic noise interference from other signal lines, wiring, or circuits or elements
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as noise sources located mainly below or to the sides of each signal line.

[0020]

In another aspect of the electro-optical device of the present invention, the signal line includes an image signal
line supplying an image signal.

[0021]

According to this aspect, the image signal line is electrically shielded in the peripheral region, and thus it is
possible to effectively reduce the electromagnetic noise interference from other signal lines, wiring, or circuits
or elements as noise sources into the image signal on the image signal line. Therefore, ultimately, it is possible
to display a high-quality image in the image display region based on an image signal having a high S/N.

[0022]

In another aspect of the electro-optical device of the present invention, the peripheral circuit includes a
sampling circuit for sampling the image signal, and the signal line includes relay wiring for relaying and
connecting the image signal line supplying the image signal and the sampling circuit.

[0023]

According to this aspect, the relay wiring is shielded in the peripheral region, and thus it is possible to
effectively reduce the electromagnetic noise interference from other signal lines, wiring, or circuits or elements
as noise sources into the image signal on the relay wiring. Therefore, ultimately, it is possible to display a high-
quality image in the image display region based on an image signal having a high S/N. In particular, with
respect to a relay wiring portion opposing an opposing electrode provided on an opposing substrate, from the
viewpoint of reducing parasitic capacitance between the relay wiring portion and the opposing electrode, it is
effective to electrically shield by an upward shield disposed between the two.

[0024]

In another aspect of the electro-optical device of the present invention, the peripheral circuit includes a
sampling circuit for sampling the image signal, and the signal line includes a gate signal line of the sampling
circuit.

[0025]

According to this aspect, because the gate signal line of the sampling circuit is shielded in the peripheral region,
it is possible to effectively reduce the electromagnetic noise interference from other signal lines, wiring, or
circuits or elements as noise sources into the control signal on the gate signal line (for example, a sampling
circuit drive signal output from the data line drive circuit). Therefore, ultimately, it is possible to display a high-
quality image in the image display region by a highly accurate sampling operation in the sampling circuit. In
particular, with respect to a gate signal line portion opposing an opposing electrode provided on an opposing
substrate, from the viewpoint of reducing parasitic capacitance between the gate signal line portion and the
opposing electrode, it is effective to electrically shield by an upward shield disposed between the two.

[0026]

In another aspect of the electro-optical device of the present invention, the signal line includes a control signal
line that supplies a control signal including at least one of a clock signal and a waveform selection signal.
[0027]

According to this aspect, the control signal line is electrically shielded in the peripheral region, and thus it is
possible to effectively reduce the electromagnetic noise interference from other signal lines, wiring, or circuits
or elements as noise sources into the control signal on the control signal line. Moreover, a control signal that is
generally high-frequency or high-potential tends to be a noise source for the image signal. Therefore, by
electrically shielding the control signal line in this manner, it is possible to effectively reduce the
electromagnetic noise interference from the control signal line as a noise source into the image signal or the like
supplied to the image signal line or the like as another signal line. Thus, ultimately, it is possible to display a
high-quality image in the image display region based on a control signal, image signal, or the like having a high
S/N.

[0028]

Note that in the electro-optical device of the present invention described above (including each embodiment),
the shield is preferably fixed to a ground potential or other constant potential.

[0029]

In another aspect of the electro-optical device of the present invention, the signal line includes the image signal
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line supplying the image signal and the control signal line supplying the control signal including at least one of
the clock signal and the waveform selection signal, wherein the shield includes a first portion for electrically
shielding the image signal line and a second portion for electrically shielding the control signal line, the first
portion being fixed to a first constant potential and the second portion being fixed to a second constant potential
different from the first constant potential.

[0030]

According to this aspect, the image signal line is electrically shielded by the first portion of the shield and the
control signal line is electrically shielded by the second portion of the shield in the peripheral region, and thus it
is possible to respectively effectively reduce the electromagnetic noise interference from other signal lines,
wiring, or circuits or elements as noise sources into the image signal on the image signal line and the control
signal on the control signal line. In particular, the first portion and the second portion of the shield are fixed to
different constant potentials, and thus it is possible to prevent situations in which these potential variations
mutually affect both signal lines via the same constant potential wiring. Thus, ultimately, it is possible to
display a high-quality image in the image display region based on an image signal, control signal, or the like
having a high S/N.

[0031]

In another aspect of the electro-optical device of the present invention, the shield is divided for each signal line.
[0032]

According to this aspect, each signal line is electrically shielded separately, and thus it is possible to electrically
shield each signal line from all other signal lines. That is, it is possible to minimize the adverse effects of
electromagnetic waves between a plurality of signal lines.

[0033]

In another aspect of the electro-optical device of the present invention, the shield is divided for each plurality of
signal lines.

[0034]

According to this aspect, signal lines are electrically shielded separately for each of a plurality of signal lines,
and thus it is possible to easily form the shield compared to when a shield is provided for each signal line. In
this case, when a plurality of signal lines, such as a plurality of pixel signal lines, whose mutual influence from
electromagnetic waves is essentially small, are bundled together and electrically shielded by the same shield,
and when, on the other hand, signal lines, such as image signal lines and clock signal lines, whose mutual
influence from electromagnetic waves is essentially large, are electrically shielded by a separate shield, it is
possible to suppress disadvantages when bundling together and electrically shielding the plurality of signal lines
in this manner (that is, the noise interference between the plurality of signal lines that are electrically shielded
by the same shield).

[0035]

In another aspect of the electro-optical device of the present invention, at least one of the first conductive film
and the second conductive film is formed from a film containing a metal.

[0036]

According to this aspect, for example, by forming the first conductive film or the second conductive film from a
film containing a metal such as Al (aluminum) film or Cr (chromium), it is possible to easily reduce the
resistance of these conductive films.

[0037]

In another aspect of the electro-optical device of the present invention, the image display region is further
provided with a scan line composed of a third conductive film laminated below the first conductive film on the
substrate, and the peripheral region is further provided with another shield composed of the third conductive
film for electrically shielding the signal line from below.

[0038]

According to this aspect, in the image display region, the third conductive film forming the scan line is
laminated below the first conductive film forming a capacitance line. In the peripheral region, another shield for
electrically shielding the signal line from below are formed from this third conductive film. Therefore, a signal
line such as an image signal line composed of one of the first conductive film and the second conductive film is
redundantly electrically shielded from above and below by a shield composed of the other of the first
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conductive film and the second conductive film, and a shield composed of the third conductive film. Therefore,
it is possible to more effectively reduce the electromagnetic noise interference from other signal lines, wiring, or
circuits or elements as noise sources. Note that in the image display region, it is possible to drive an active
matrix or a passive matrix by the scan line and data line.

[0039]

In another aspect of the electro-optical device of the present invention, the image display region is further
provided with a thin film transistor connected between the data line and the pixel electrode, and a conductive
light-shielding film laminated below the first conductive film and the thin film transistor on the substrate for
light-shielding at least the channel region of the thin film transistor, and the peripheral region is further provided
with another shield composed of the light-shielding film for electrically shielding the signal line from below.
[0040]

According to this aspect, in the image display region, the light-shielding film for light-shielding at least the
channel region of the thin film transistor is laminated below the first conductive film forming a capacitance line.
In the peripheral region, another shield for electrically shielding the signal line from below are formed from this
light-shielding film. Therefore, a signal line such as an image signal line composed of one of the first
conductive film and the second conductive film is redundantly electrically shielded from above and below by a
shield composed of the other of the first conductive film and the second conductive film, and a shield composed
of the light-shielding film. Therefore, it is possible to more effectively reduce the electromagnetic noise
interference from other signal lines, wiring, or circuits or elements as noise sources. Note that in the image
display region, it is possible to drive an active matrix the data line and thin film transistor.

[0041]

In another aspect of the electro-optical device of the present invention, an opposing electrode opposing the
plurality of pixel electrodes is further provided on an opposing substrate opposing the substrate, sandwiching an
electro-optical substance, and the shield includes a portion for electrically shielding a portion of the signal line
from above between the opposing electrode and a portion of the signal line opposing the opposing electrode.
[0042]

According to this aspect, an upward shield is present between the opposing electrode provided on the opposing
substrate and a portion of the opposing signal line, and thus it is possible to reduce parasitic capacitance
between the portion of the signal line and the opposing electrode. That is, it is possible to effectively reduce the
electromagnetic noise interference from the opposing electrode as a noise source to an image signal or the like
on the signal line, and the electromagnetic noise interference from the signal line as a noise source to a constant
potential signal on the opposing electrode (for example, a signal of a constant potential that does not reverse, a
signal of a constant potential that reverses in each frame by frame or field, or the like).

[0043]

In another aspect of the electro-optical device of the present invention, the shield is composed of a main line or
branched wiring of a power supply wiring.

[0044]

According to this aspect, the shield is composed of a main line or branch wiring of the power supply wiring, and
thus it is possible to fix the shield to a constant potential. Moreover, the region occupied by the shield in the
peripheral region is allocated to the power supply wiring, and thus it is possible to configure the power supply
wiring to be wide with relative ease, and it is also possible to supply a stable constant potential. Furthermore, by
sharing the shield and the power supply wiring, it is also possible to simplify the device configuration and
manufacturing process. Moreover, by fixing the shield to a stable constant potential in this manner, the
performance of electric shielding is also improved, which is even more advantageous.

[0045]

In order to solve the problems described above, another electro-optical device of the present invention is
provided, in an image display region on a substrate, with a plurality of pixel electrodes, a capacitance line
composed of a first conductive film for adding an accumulated capacitance to the pixel electrodes, and a data
line composed of a second conductive film laminated via an interlayer insulation film on the first conductive
film, and a peripheral region located in a periphery of the image display region on the substrate is provided with
a peripheral circuit including a circuit pertaining to driving of the data line, the image signal line supplying the
image signal to the peripheral circuit and being composed of one of the first conductive film and the second
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conductive film, and a control signal line supplying to the peripheral circuit a control signal including at least
one of the clock signal and the waveform selection signal and being composed of the other of the first
conductive film and the second conductive film.

[0046]

According to another electro-optical device of the present invention, in the image display region, a second
conductive film that forms a data line is laminated on the first conductive film that forms a capacitance line via
the interlayer insulation film. In the peripheral region, the image signal line is formed from one of the first
conductive film and the second conductive film, and the control signal line is formed from the other of the first
conductive film and the second conductive film. Therefore, in the peripheral region, the parasitic capacitance
between the two conductive films forming the image signal line and the control signal line is reduced by the
amount of separation in the direction perpendicular to the substrate, as compared to when the image signal line
and the control signal line are formed in the same plane by patterning the same conductive film. That is, it is
possible to reduce the electromagnetic noise interference from the control signal line as a noise source to the
image signal on the image signal line, which decreases as the distance between the two signal lines increases (or
the electromagnetic noise interference from the image signal line as a noise source to the control signal on the
control signal line). Note that various shields according to the present invention described above may be
provided for the electro-optical device having such a configuration. When configured in this manner, it is
possible to enjoy both the effect of reducing electromagnetic noise caused by the separation of the image
transmission line and the control signal line in a direction perpendicular to the substrate and the effect of
reducing electromagnetic noise caused by the shield between the image signal and the control signal line.
[0047]

As aresult, a relatively simple device configuration reduces noise in image signals and the like, enabling an
electro-optical device capable of displaying high-quality images.

[0048]

Such effects and other benefits of the present invention will be clarified by the embodiments described below.
[0049]

[Embodiments of Invention]

Embodiments of the present invention will be described below with reference to the drawings. The
embodiments below are applications of the electro-optical device of the present invention to a liquid crystal
device.

[0050]

First, a configuration of the electro-optical device in an embodiment of the present invention will be described
with reference to FIG. 1 to FIG. 3. FIG. 1 is an equivalent circuit of various elements, wiring, and the like in a
plurality of pixels formed in a matrix constituting an image display region of the electro-optical device. FIG. 2
is a plan view of a plurality of adjacent pixel groups of a TFT array substrate in which a data line, a scan line, a
pixel electrode, and the like are formed. FIG. 3 is a cross-sectional view along the line A-A’ in FIG. 2. Note that
in FIG. 3, the scale is different for each layer and each member in order to make each layer and each member in
the drawing large enough to be recognizable.

[0051]

In FIG. 1, a pixel electrode 9a and a TFT 30 for switching control of the pixel electrode 9a are both formed in a
plurality of pixels which is formed in a matrix constituting an image display region of the electro-optical device
in the present embodiment, and a data line 6a to which an image signal is supplied is electrically connected to a
source of the TFT 30. Image signals S1, S2, ..., Sn written on the data line 6a may be supplied in this order in a
line sequence, or may be supplied to a plurality of adjacent data lines 6a together for each group. In addition, a
scan line 3a is electrically connected to the gate of the TFT 30, and scanning signals G1, G2, ..., Gm are
configured so as to be applied, in a line sequence in this order, to the scan line 3a in pulses at a predetermined
timing. The pixel electrode 9a is electrically connected to a drain of the TFT 30, and by closing a switch of the
TFT 30, which is a switching element, off for a certain period of time, the image signals S1, S2, ..., Sn supplied
from the data line 6a are written at a predetermined timing. The image signals S1, S2, ..., Sn—which are at a
predetermined level written via the pixel electrode 9a in the liquid crystal, being one example of an electro-
optical material—-are retained for a certain period of time with an opposing electrode formed on an opposing
substrate (described below). The liquid crystal modulates light and enables a gradation display by changing the
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orientation or order of a molecular assembly according to an applied potential level. In a normally white mode,
a transmittance of incident light decreases according to a voltage applied to each pixel unit, and in a normally
black mode, a transmittance of incident light increases according to a voltage applied to each pixel unit, wherein
overall, light having a contrast corresponding to the image signal is emitted from the electro-optical device.
Here, in order to prevent leaking of the retained image signal, a storage capacitor 70 is added in parallel with a
liquid crystal capacitor formed between the pixel electrode 9a and the opposing electrode. A capacitance line
300, which includes a constant potential-side capacitance electrode of a storage capacitor 70 and which is fixed
to a constant potential, is provided alongside the scan line 3a.

[0052]

In FIG. 2, a transparent plurality of the pixel electrodes 9a (outline illustrated by the dotted line portion 9a’) is
provided in a matrix on the TFT array substrate of the electro-optical device, and the data line 6a and the scan
line 3a are provided along both the vertical and horizontal boundaries of the pixel electrode 9a.

[0053]

Moreover, the scan line 3a is disposed so as to face a channel region 1a’, which is illustrated by the diagonally
shaded region whose lines rise from left to right in the drawing, in a semiconductor layer 1a, and the scan line
3a functions as a gate electrode (in particular, in the present embodiment, the scan line 3a is formed in a wide
manner in a portion serving as the gate electrode). As such the TFT 30, being for pixel switching wherein the
scan line 3a is disposed opposite the channel region 1a’ as a gate electrode, is provided at a location where both
the scan line 3a and the data line 6a intersect.

[0054]

As illustrated in FIG. 2 and FIG. 3, the storage capacitor 70 is formed by disposing the following so as to
oppose each other, sandwiching a dielectric film 75: a relay layer 71 serving as a pixel potential side
capacitance electrode connected to a high concentration drain region le (and the pixel electrode 9a) of the TFT
30, and one part of a capacitance line 300 serving as a constant potential-side capacitance electrode.

[0055]

The relay layer 71 possesses, in addition to a function as a pixel potential-side capacitance electrode of the
storage capacitor 70, a function as an intermediate conductive layer for relaying and connecting the pixel
electrode 9a and the high concentration drain region le of the TFT 30 via contact holes 83 and 85.

[0056]

When viewed in a planar manner, the capacitance line 300 extends in a stripe along the scan line 3a, with
locations overlapping the TFT 30 protruding vertically in FIG. 2. Such a capacitance line 300 is preferably
configured so as to possess a multilayer structure in which the following are laminated: a first film composed of
a conductive polysilicon film or the like and having a film thickness of approximately 50 nm and a second film
composed of a metal silicide film or the like containing a high melting point metal and having a film thickness
of approximately 150 nm. When configured in this manner, the second film possesses, in addition to a function
as a constant potential-side capacitance electrode of the capacitance line 300, or the storage capacitor 70, a
function as a light-shielding layer for shielding the TFT 30 from incident light on the upper side of the TFT 30.
[0057]

Meanwhile, a lower-side light-shielding film 11a is provided in a grid shape on the lower side of the TFT 30 on
a TFT array substrate 10. The lower-side light-shielding film 11a contains for example, at least one high
melting point metal among metals such as Ti (titanium), Cr (chromium), W (tungsten), Ta (tantalum), Mo
(molybdenum), and Pb (lead), being composed of a single metal, an alloy, a metal silicide, a polysilicide, a
laminate thereof, or the like.

[0058]

Furthermore, a light-shielding region is formed on both the upper side and lower side of the TFT 30 on the TFT
array substrate 10 in a grid pattern, when viewed in a planar manner, by the formation of the data line 6a
extending vertically in both directions in FIG. 2 and the capacitance line 300 extending horizontally in both
directions in FIG. 2 as well as by the lower-side light-shielding film 11a formed in a grip shape.

[0059]

Furthermore, in FIG. 3, the dielectric film 75 disposed between the relay layer 71, serving as the capacitance
electrode, and the capacitance line 300 is configured of, for example, a relatively thin HTO film having a film
thickness of approximately 5 to 200 nm, a silicon oxide film such as an LTO film, a silicon nitride film, or the
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like. From the viewpoint of enhancing the storage capacitor 70, the thinner the dielectric film 75, the better, as
long as reliability of the film is sufficiently achieved.

[0060]

As illustrated in FIG. 2 and FIG. 3, the data line 6a is electrically connected to a high concentration source
region 1d within, for example, the semiconductor layer 1a composed of a polysilicon film via a contact hole 81.
Note that a relay layer composed of the same film as the relay layer 71 described above may be formed, and the
data line 6a and the high concentration source region 1d may be electrically connected via the relay layer and
the two contact holes.

[0061]

In addition, the capacitance line 300 extends from the image display region, wherein the pixel electrode 9a is
disposed, into the surroundings thereof, and is electrically connected to a constant potential source, thereby
forming a constant potential. A constant potential source as such may be a constant potential source of a
positive power source or a negative power source supplied to a scan line drive circuit (described below) for
supplying the scan line 3a with a scanning signal for driving the TFT 30 or a data line drive circuit (described
below) for controlling a sampling circuit for supplying the data line 6a with an image signal, or may be a
constant potential supplied to an opposing electrode 21 of an opposing substrate 20. Furthermore, in order to
avoid having a potential fluctuation thereof adversely affect the TFT 30, the lower-side light-shielding film 11a
provided on the lower side of the TFT 30 may also extend from the image display region into the surroundings
thereof and connect to the constant potential source in a manner similar to that of the capacitance line 300.
[0062]

By relay through the relay layer 71, the pixel electrode 9a is electrically connected to the high concentration
drain region le within the semiconductor layer 1a via the contact holes 83 and 85. That is, in the present
embodiment, in addition to functioning as the pixel potential-side capacitance electrode of the storage capacitor
70, the relay layer 71 fulfills the function of continuing to relay the pixel electrode 9a to the TFT 30. As such,
even when, for example, an interlayer distance is great, at approximately 1,000 nm, the relay layer 71 can be
favorably connected between the two by a series of two or more contact holes of a relatively small diameter
while avoiding technical difficulties in connecting the two through a single contact hole, a pixel opening ratio
can be increased, and the penetration of etching during contact hole drilling is also aided in being prevented.
[0063]

In FIG. 2 and FIG. 3, the electro-optical device is provided with the TFT array substrate 10 and the transparent
opposing substrate 20 disposed opposite thereto. The TFT array substrate 10 is composed, for example, of a
quartz substrate, a glass substrate, and a silicon substrate, and the opposing substrate 20 is composed, for
example, of a glass substrate or a quartz substrate.

[0064]

As illustrated in FIG. 3, the TFT array substrate 10 is provided with a pixel electrode 9a, and is provided on an
upper side thereof with an alignment film 16 having a predetermined alignment treatment such as a rubbing
treatment applied thereto. The pixel electrode 9a is composed, for example, of a transparent conductive thin
film such as an ITO (indium tin oxide) film. Moreover, the alignment film 16 is composed, for example, of an
organic thin film such as a polyimide thin film.

[0065]

Meanwhile, the opposing substrate 20 is provided with the opposing electrode 21 across an entire surface
thereof, and is provided on a lower side thereof with an alignment film 22 having a predetermined alignment
treatment such as a rubbing treatment applied thereto. The opposing electrode 21 is composed, for example, of a
transparent conductive thin film such as an ITO film. In addition, the alignment film 22 is composed, for
example, of an organic thin film such as a polyimide thin film.

[0066]

The opposing substrate 20 may be provided with a grid-shaped or stripe-shaped light-shielding film. By
employing such a configuration, the light-shielding film on the opposing substrate 20, together with the
capacitance line 300 and the data line 6a constituting the light-shielding region as described above, can more
reliably prevent incident light from the opposing substrate 20 side from entering the channel region 1a’, a low
concentration source region 1b, and a low concentration drain region 1c. Furthermore, forming the light-
shielding film on the opposing substrate 20 as such using a highly reflective film whose surface is irradiated at

Page 11 BOE v. Samsung IPR2025-01480
Ex-1010



(12) JP 3858572 B2 2006.12.13

least by incident light acts to prevent a temperature increase of the electro-optical device.

[0067]

Thus configured, a liquid crystal, being one example of an electro-optical material, is sealed in a space
surrounded by a sealant described below, whereby a liquid crystal layer 50 is formed between the TFT array
substrate 10 and the opposing substrate 20, disposed such that the pixel electrode 9a and the opposing electrode
21 face oppose. In a state wherein no voltage is generated between the pixel electrode 9a and the opposing
electrode 21, the liquid crystal layer 50 takes on a predetermined alignment state due to the alignment films 16
and 22. The liquid crystal layer 50 is composed, for example, of a liquid crystal mixed with one or a plurality of
types of nematic liquid crystals. A sealant 52, being for bonding the TFT array substrate 10, the opposing
substrate 20, and a periphery thereof is an adhesive composed of, for example, a photocurable resin or a
thermosetting resin, and a gap material such as a glass fiber or a glass bead for setting a distance between the
two substrates to a predetermined value is mixed in.

[0068]

Furthermore, a base insulating film 12 is provided below the TFT 30, which is for pixel switching. The base
insulating film 12 has a function of interlayer insulation of the TFT 30 from the lower-side light-shielding film
11a, as well as a function of preventing changes in the properties of the TFT 30 for pixel switching caused by
roughness during polishing of the TFT array substrate 10, residue following cleaning thereof, or the like.
[0069]

In FIG. 3, the TFT 30 for pixel switching has a LDD (lightly doped drain) structure, and is provided with: the
scan line 3a, the channel region 1a’ of the semiconductor layer 1a in which a channel is formed by an electric
field from the scan line 3a, an insulating thin film 2 including a gate insulating film for insulating the scan line
3a and the semiconductor layer 1a, the low concentration source region 1b and the low concentration drain
region 1c of the semiconductor layer 1a, and the high concentration drain region 1e and the high concentration
source region 1d of the semiconductor layer 1a.

[0070]

A first interlayer insulating film 41, having drilled therein both the contact hole 81 leading to the high
concentration source region 1d and the contact hole 83 leading to the high concentration drain region le, is
formed on the scan line 3a.

[0071]

The relay layer 71 and the capacitance line 300 are formed on the first interlayer insulating film 41, and above
these is formed a second interlayer insulating film 42, having drilled therein both the contact hole 81 leading to
the high concentration source region 1d and the contact hole 85 leading to the relay layer 71.

[0072]

Note that in the present embodiment, ions injected into the polysilicon film constituting the semiconductor layer
la and the scan line 3a may be activated by firing the first interlayer insulating film 41 at 1,000°C. Meanwhile,
the second interlayer insulating film 42 may, by not performing such firing as such therefore, be made to
mitigate stress generated near an interface of the capacitance line 300.

[0073]

The data line 6a is formed on the second interlayer insulating film 42, and a planarized third interlayer
insulating film 43 may also be formed wherein a contact hole 85 leading to the relay layer 71 is formed. The
pixel electrode 9a is provided on the upper surface of the third interlayer insulating film 43 configured in this
manner.

[0074]

In the present embodiment, the surface of the third interlayer insulating film 43 is planarized by a CMP
(Chemical Mechanical Polishing: chemical mechanical polishing) treatment or the like, and liquid crystal
alignment failure in the liquid crystal layer 50 arising from a height difference resulting from various wiring and
elements thereunder is reduced.

[0075]

According to the present embodiment configured as described above, when incident light is intended to be
incident from the opposing substrate 20 side to the channel region 1a’ of the TFT 30 and near thereto, light-
shielding is performed by a grid-shaped light-shielding layer composed of the data line 6a and the capacitance
line 300. Meanwhile, when returning light becomes incident from the TFT array substrate 10 side to the channel
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region 1a’ of the TFT 30 and near thereto, light-shielding is performed by the lower-side light-shielding film
11a (in particular, returning light composed of a projected light portion penetrating through the prism or the like
from another electro-optical device is powerful when a plurality of electro-optical devices are combined about a
prism or the like in a projector or the like for a multi-plate type color display to form one optical system, and is
therefore effective). As a result, the TFT 30 properties are substantially unchanged by optical leakage, and an
extremely high light resistance is obtained by the electro-optical device. In addition, a large storage capacitor 70
can be constructed by utilizing the non-opening region of each pixel where the data line 6a and the scan line 3a
are formed.

[0076]

Next, wiring and shielding in the peripheral region in the present embodiment will be described with reference
to FIG. 4. Here, FIG. 4 is a diagrammatic plan view illustrating configurations of various wiring, peripheral
circuits, and the like including shields provided on the TFT array substrate in the present embodiment.

[0077]

FIG. 5 to FIG. 10 are each B-B’ cross-sectional views of FIG. 4 illustrating various specific examples of wiring
such as shield lines, image signal lines, and clock signal lines, respectively.

[0078]

In FIG. 4, a data line drive circuit 101, a scan line drive circuit 104, and a sampling circuit 301 are formed in the
peripheral region located around the image display region on the TFT array substrate of the liquid crystal device
as examples of the peripheral circuit.

[0079]

In the description of FIG. 4 below, the wiring 400 of the signal input via the plurality of external input terminals
102 provided along the lower side of the TFT array substrate 1 is referred to by adding the same alphabetic
symbol as the signal name in parentheses after the wiring 400, respectively, for ease of description (for
example, the signal wiring of the “clock signal CLX” is referred to as the “wiring 400 (CLX)”).

The scan line drive circuit 104 starts the built-in shift register circuit by inputting the start signal SPY, using the
negative power source VSSY and the positive power source VDY for the scan line drive circuit 104 supplied
from the external control circuit via the external input terminal 102 and the wiring 400 (VSY) and the wiring
400 (VDDY) as power sources. Then, the scan signal is applied to the scan line 3a in a pulsed line sequence at a
predetermined timing based on the reference clock signal CLY for the built-in shift register circuit of the scan
line drive circuit 104 and the inverted clock signal CLY" supplied via the external input terminal 102 and the
wiring 400 (CLY) and the wiring 400 (CLY").

[0080]

The data line drive circuit 101 starts the built-in shift register circuit by the input of the start signal SPX, using
the negative power source VSX and the positive power source VDX for the data line drive circuit 101 supplied
from the external control circuit via the external input terminal 102 and the signal wiring 400 (VSX) and the
wiring 400 (VDX) as the power source. Then, based on the reference clock signal CLX for the built-in shift
register circuit of the data line drive circuit 101 and the inverted clock signal CLX' supplied via the external
input terminal 102 and the wiring 400 (CLX) and the wiring 400 (CLX"), the sampling circuit drive signal Qm
(m=1,2,...) is supplied to the sampling circuit 301 at a predetermined timing via the sampling circuit drive
signal line 306 for each data line 6a for, for example, respective image signals VIDI1 to VID12 serial-parallel
converted into 12 parallel signals supplied via the external input terminal 102 and the wiring 400 (VID1) to the
wiring 400 (VID12) in accordance with the timing when the scan signal is applied by the scan line drive circuit
104.

[0081]

The sampling circuit 301 includes a TFT 302 for each data line 6a, wiring 400 (VID1) to wiring 400 (VID12)
are connected to the source electrode of the TFT 302 via a relay wiring 305, and a sampling circuit drive signal
line 306 is connected to the gate electrode of the TFT 302. Then, when the image signals VID1 to VID12 are
input, these image signals are sampled. Furthermore, when the sampling circuit drive signal Qm is input from
the data line drive circuit 101 via the sampling circuit drive signal line 306, the sampled image signals for the
image signals VID1 to VID12 are sequentially applied to each group consisting of 12 adjacent data lines 6a.
[0082]

As described above, the data line drive circuit 101 and the sampling circuit 301 are configured to supply image
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signals VID1 to VID12 converted into 12 parallel signals to the data line 6a as image signals S1, S2, ... In the
present embodiment, a method has been described in which a sampling circuit 301 connected to 12 adjacent
data lines 6a is simultaneously selected and sequentially transferred to each group consisting of 12 data lines 6a,
but the data lines 6a may be selected every 6 lines or every 24 lines. Alternatively, any number of two or more
may be selected simultaneously. In this case, it goes without saying that an external input terminal 102 and an
image signal line for the image signal are required for at least the number of parallel image signals. Note that
the number of parallel image signals and the number of simultaneous selections of the sampling circuit 301 may
be configured to be equal, or the former may be configured to be more than the latter.

[0083]

Furthermore, as illustrated in FIG. 4, the data line drive circuit 101 includes a shift register circuit 101a that
starts sequential generation of transfer signals based on the reference clock signal CLX and the inverted clock
signal CLK” when the start signal SPX is input, and a waveform control circuit 101b and a buffer circuit 101c
that are supplied to the sampling circuit 301 via the sampling circuit drive signal line 306 after waveform
shaping of the transfer signals from the shift register circuit 101a. Furthermore, the sampling circuit 301 has 12
TFTs 302 connected to each sampling circuit drive signal line 306 in parallel corresponding to the image signals
VIDI to VIDI12 that are serial-parallel converted to 12. That is, switches S1 to S12 configured from the TFT
302 are connected to the first sampling circuit drive signal line 306 from the left, switches S13 to S24 are
connected to the second sampling circuit drive signal line 306 from the left, and switches Sn-11 to Sn are
connected to the rightmost sampling circuit drive signal line 306.

[0084]

The enable signals ENB1 and ENB2 as waveform selection signals, which are among the control signals, are
input to the waveform control circuit 101b. In the waveform control circuit 101b, the width of the pulses
sequentially output from the shift register circuit 101a is limited to the pulse widths of the enable signals ENB1
and ENB2, thereby controlling the selection period of the sampling circuit 301 (so that the periods in which the
preceding and following sampling circuit drive signals Q1, Q2, ... are at high levels and do not overlap each
other). Thus, block ghosting is prevented between the data lines 6a that receive the image signal from the same
wiring 400 (VID1) to wiring 400 (VID12). Therefore, the enable signals ENB1 and ENB2 are high-frequency
control signals having a period shorter than the horizontal scan period, similar to the clock signals CLX and
CLX..

[0085]

Note that in the present embodiment, four corners of the image display region are provided with vertical
continuity terminals 106 for providing electrical continuity between the TFT array substrate 1 and the opposing
electrodes 21 (see FIG. 3) on the opposing substrate 20 (however, two of the corners are illustrated in FIG. 4).
The upper and lower conductive terminals 106 are supplied via the external input terminal 102 and the wiring
400 (LCCOM).

[0086]

Next, various specific examples of shields that can be adopted by the electro-optical device of the present
embodiment are illustrated in FIG. 5 to FIG. 10, respectively. Here, FIG. 5 to FIG. 10 are each cross-sectional
views illustrating the structure in the B-B’ cross-section of FIG. 4 of various specific examples of the shield,
respectively.

[0087]

In FIG. 5 to FIG. 10, in each specific example, the wiring 400 (VID1) to the wiring 400 (VID12), which are
image signal lines, are configured from the same conductive film as the capacitance line 300 in the image
display region (for example, a multilayer film including a conductive polysilicon film and a conductive metal
silicide film), and these wiring 400 are at least electrically shielded by a shield composed of the same film (for
example, an Al film) as the data line 6a in the image display region.

[0088]

That is, in the specific example of FIG. 5, the wiring 400 composed of the same conductive film as the
capacitance line 300 is electrically shielded by an upward shield 401a composed of the same conductive film as
the data line 6a formed in the region covering each wiring 400 from above. In particular, in this specific
example, the upward shield 401a is divided by one wiring 400, and thus each wiring 400 can be electrically
shielded from all other wiring 400.

Page 14 BOE v. Samsung IPR2025-01480
Ex-1010



(15) JP 3858572 B2 2006.12.13

[0089]

In the specific example of FIG. 6, the wiring 400 composed of the same conductive film as the capacitance line
300 is electrically shielded by an upward shield 401b composed of the same conductive film as the data line 6a
formed in a region covering the plurality of wiring 400 collectively along the plurality of wiring 400 from
above. In particular, in this specific example, the upward shield 401b is divided for each plurality of signal
lines. Therefore, compared to the specific example in FIG. 5, in which an upward shield 401a is provided for
each signal line, the upward shield 401b can be formed relatively easily. In this case, the plurality of signal
lines, such as the plurality of pixel signal lines, for which the influence of electromagnetic waves on each other
is essentially small, may be grouped together by one upward shield 401b and electrically shielded, and on the
other hand, signal lines, for example, image signal lines and clock signal lines, for which the influence of
electromagnetic waves on each other is essentially large, may be electrically shielded by a separate upward
shield 401b. That is, this minimizes disadvantages when multiple signal lines are combined and electrically
shielded.

[0090]

In the specific example of FIG. 7, in addition to the upward shield 401a illustrated in FIG. 5, the wiring 400 is
electrically shielded from the vertical direction from the downward shield 11b composed of the same
conductive film as the lower-side light-shielding film 11a in the image display region.

[0091]

In the specific example of FIG. 8, in addition to the upward shield 401a illustrated in FIG. 5, the wiring 400 is
electrically shielded from the vertical direction from the downward shield 402 composed of the same
conductive film as the scan line 3a in the image display region.

[0092]

In the specific example of FIG. 9, the wiring 400 is electrically shielded from the vertical and horizontal
directions by the upward shield 401c and the downward shield 11b as in FIG. 7, in addition to side shields 401d
extended from the same conductive film as the upward shield 401c and embedded in holes dug in grooves along
the wiring 400 in the base insulating film 12, the first interlayer insulation film 41, the dielectric film 75, and
the second interlayer insulating film 42. In particular, in this specific example, the shield is electrically shielded
throughout the circumference of each wiring 400, and thus adverse effects from electromagnetic waves between
the plurality of wiring 400 can be minimized.

[0093]

In the specific example of FIG. 10, the wiring 400 is electrically shielded from the vertical and horizontal
directions by the upward shield 401c and downward shield 402 as in FIG. 8, in addition to side shields 401e
extended from the same conductive film as the upward shield 401¢c and embedded in holes dug in grooves along
the wiring 400 in the first interlayer insulation film 41, dielectric film 75, and second interlayer insulating film
42. In particular, in this specific example, the shield is electrically shielded throughout the circumference of
each wiring 400, and thus adverse effects from electromagnetic waves between the plurality of wiring 400 can
be minimized.

As described above, according to the electro-optical device of the present embodiment, in the image display
region, a second conductive film that forms the data line 6a is laminated on the first conductive film that forms
the capacitance line 300 via the interlayer insulation film. In the peripheral region, the wiring 400 connected to
the peripheral circuit is formed from one of the first conductive film and the second conductive film, and a
shield for electrically shielding the wiring 400 from at least one direction (for example, upward or downward) is
formed from the other of the first conductive film and the second conductive film. Therefore, it is possible to
effectively reduce the electromagnetic noise interference into image signals and the like on the wiring 400 of
image signal lines and the like. Moreover, a dedicated film does not need to be formed separately to form the
wiring 400 and the shield in the peripheral region, which is also advantageous in terms of simplifying the device
configuration and the manufacturing process. In particular, when the pixel pitch is reduced and the driving
frequency is increased to improve image quality, generally the noise associated with such signal lines (for
example, electromagnetic noise from a control signal line such as a clock signal line or a waveform selection
signal line to an image signal line on an image signal line, electromagnetic noise from an external device or
other circuit to an image signal line on an image signal line, and electromagnetic noise from a control signal line
such as a clock signal line or a waveform selection signal line to an external device or other circuit, and the like)

Page 15 BOE v. Samsung IPR2025-01480
Ex-1010



(16) JP 3858572 B2 2006.12.13

increases relatively (that is, S/N decreases). Therefore, a configuration in which the wiring 400 of image signal
lines, control signal lines, and the like, which are wired in the peripheral region as in the present embodiment, is
electrically shielded by a shield such as the upward shield 401a, 401b, or 401c, the downward shield 11b or
402, or the side shields 401d or 401e is very advantageous in terms of reducing the pixel pitch or increasing the
driving frequency.

[0094]

Furthermore, in the present embodiment, the image signal line is electrically shielded as the wiring 400 in
particular, and thus it is possible to effectively reduce the electromagnetic noise interference from other signal
lines as noise sources or from wiring or circuits or elements into the image signal lines S1, S2, ... Therefore,
ultimately, it is possible to display a high-quality image in the image display region based on image signals S1,
S2, ... having a high S/N.

[0095]

In the embodiment described above, a relay wiring 305 or a sampling circuit drive signal line 306 that relays the
image signal line and the sampling circuit 301 illustrated in FIG. 4 may be electrically shielded from above,
below or the sides as illustrated in FIG. 5 to FIG. 10. In this manner, it is possible to effectively reduce
electromagnetic noise interference in the image signals S1, S2, ... on the relay wiring 305 and the diving of
electromagnetic noise into the sampling circuit drive signals Q1, Q2, ... on the sampling circuit drive signal line
306. These relay wiring 305 and the sampling circuit drive signal line 306 include portions facing the opposing
electrode 21 provided on the opposing substrate 20, and thus are particularly effective when electrically
shielded by an upward shield disposed between these wirings and the opposing electrode 21 from the
perspective of reducing the parasitic capacitance between them.

[0096]

In the embodiment described above, the wiring 400 (CLX) and the wiring 400 (CLX") as clock signal lines, and
the wiring 400 (ENB1) and the wiring 400 (ENB2) as waveform selection signal lines may be electrically
shielded from above, below, or the sides as illustrated in FIG. 5 to FIG. 10. When configured in this manner, it
is possible to effectively prevent high-frequency and powerful electromagnetic noise caused by a high-
frequency and high-potential control signal that is on these control signal lines and is generally an easy source
of noise for image signals from interfering with the image signal on the image signal lines and the like.

[0097]

In the electro-optical device of the present invention described above (including each embodiment), the shield is
preferably fixed to a ground potential or other constant potential. In this case, it is more preferable that the
image signal line (wiring 400 (VID1), wiring 400 (VID2), ..., and the like) and the control signal line (wiring
400 (CLX), wiring 400 (CLX"), ..., and the like) are electrically shielded separately and fixed to different
constant potentials. When configured in this manner, it is possible to prevent situations in which these potential
changes mutually affect both signal lines via the same constant potential wiring. For example, the image signal
line may be electrically shielded at a low potential by connecting it to a low potential (ground potential or about
several volts) first constant potential line, and the control signal line may be electrically shielded at a high
potential by connecting it to a high potential (about ten volts) second constant potential line.

[0098]

In addition, in the present embodiment, it is preferable that the shield and the main line or branch wiring of the
power supply wiring are shared. When configured in this manner, the shield can be fixed to a constant potential
while trying to simplify the device configuration and manufacturing process. Moreover, the region occupied by
the shield in the peripheral region is allocated to the power supply wiring, and thus the power supply wiring can
be configured to be wide with relative ease. Moreover, by forming the shield wider, the performance of the
shield is also improved, which is even more advantageous.

[0099]

Furthermore, in the various specific examples illustrated in FIG. 5 to FIG. 10, the wiring 400 is formed from the
same conductive film as the capacitance line 300 and the shield is formed from a different conductive layer than
the capacitance line 300, but the wiring 400 may be formed from the same conductive film as the data line 6a
and the shield may be formed from a different conductive layer than the data line 6a, the wiring 400 may be
formed from the same conductive film as the scan line 3a and the shield may be formed from a different
conductive layer than the scan line 3a, or the wiring 400 may be formed from the same conductive film as the
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lower-side light-shielding film 11a and the shield may be formed from a different conductive layer than the
lower-side light-shielding film 11a.

[0100]

Furthermore, it is also possible to form a portion of the shield from the same membrane as the wiring, and in
this case, it is possible to electrically shield the shield mainly from the side. In the present embodiment, as
illustrated in FIG. 4, the wiring 400 (VSSY) supplying the negative power source VSSY and the wiring 400
(VSSX) supplying the negative power source VSSY enclose the wiring 400 (VID2), the wiring 400 (VIDA4), the
wiring 400 (VID6), and the like, which are image signal lines, and function as image signal shield lines.
Similarly, in the same plane, a wiring 400 (VDDY) for supplying a positive power source VDDY and a wiring
400 (VSSX) for supplying a negative power source VSSX are connected to a wiring 400 (VID1), wiring 400
(VID3), wiring 400 (VIDS), ..., which are image signal lines, and functions as an image signal shield line.
Furthermore, the wiring 400 (VDDX) supplying the positive power supply VDDX also surrounds control signal
lines such as the wiring 400 (CLX) and the wiring 400 (CLX"), which are clock signal lines, in the same plane,
and functions as a control signal shield line. Similarly, the wiring 400 (VDDY) supplying the positive power
source VDDY also surrounds control signals such as wiring 400 (CLY) and wiring 400 (CLY"), which are clock
signal lines, in the same plane, and functions as a control signal shield line. In particular, as illustrated by the
dashed line in FIG. 4, the two tips of the wiring 400 (VDDX) as the control signal shield line may be connected
to each other by a connection unit 93, or similarly, the two tips of the wiring 400 (VSSX) as the image signal
shield line may be connected to each other by a connection unit 91.

[0101]

Furthermore, both of the two stacked conductive films may be formed of low-resistance Al films, whereby low-
resistance wiring can be electrically shielded by low-resistance conductive films, resulting in a configuration in
which electromagnetic noise is extremely unlikely to occur.

[0102]

In the embodiment described above, as illustrated in FIG. 3, the formation of steps along regions of the data line
6a and the scan line 3a on the underlying surface of the pixel electrode 9a (that is, the surface of the third
interlayer insulating film 43) caused by stacking many conductive layers is mitigated by planarizing the surface
of the third interlayer insulating film 43; however, instead of or in addition to this, planarization may be
performed by forming grooves in the TFT array substrate 10, the base insulating film 12, the first interlayer
insulating film 41, the second interlayer insulating film 42, or the third interlayer insulating film 43 and
embedding wiring such as the data line 6a and TFT 30 therein, or by polishing the step on the upper surface of
the second interlayer insulating film 42 through CMP (Chemical Mechanical Polishing) or the like, or by
forming a flat surface using organic SOG, thereby achieving the planarization process.

[0103]

In the embodiment described above, the pixel switching TFT 30 preferably has an LDD structure as illustrated
in FIG. 3; however, the TFT may have an offset structure without impurity implantation in the low
concentration source region 1b and the low concentration drain region 1c, or may be a self-aligned type TFT in
which the gate electrode portion constituting part of the scan line 3a is used as a mask to implant impurities at
high concentration and thereby form the high-concentration source and drain regions in a self-aligned manner.
In the present embodiment, a single-gate structure is adopted in which only one gate electrode of the pixel
switching TFT 30 is disposed between the high concentration source region 1d and the high concentration drain
region le, but two or more gate electrodes may be disposed between these regions. In this manner, by
configuring the TFT with a dual-gate, triple-gate, or higher-order gate structure, it is possible to prevent leakage
current at the junctions between the channel and the source and drain regions, thereby reducing the off-state
current.

[0104]

In addition, as a modification of the embodiments of the present invention described above, in the peripheral
region, in place of or in addition to providing various shields for the wiring 400 as illustrated in FIG. 5 to FIG.
10, one of the four conductive films, namely the capacitance line 300, the data line 6a, the scan line 3a, and the
lower-side light-shielding film 11a, is used to form control signal lines, such as wiring 400 (CLX) and wiring
400 (CLY), while another of these four conductive films is used to form image signal lines, such as wiring 400
(VID1) and wiring 400 (VID2). By configuring in this manner, compared to the case where these two types of
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signal lines are formed in the same plane by patterning the same conductive film, the two signal lines are
divided in a direction perpendicular to the substrate and an interlayer insulating film is disposed between the
signal lines, so that noise interference between the signal lines can be reduced, which is advantageous. That is,
even without a shield, noise can be reduced by forming the two types of signal lines so as to be separated in a
direction perpendicular to the substrate. Furthermore, by combining such a configuration with the various
shields in this manner, the effect of reducing electromagnetic noise can be further enhanced.

[0105]

(Overall Configuration of Electro-Optical Device)

The overall configuration of the electro-optical device in each of the embodiments constructed as described
above will be described with reference to FIG. 11 and FIG. 12. Note that FIG. 11 is a plan view of the TFT
array substrate 10 together with each constituent element formed thereon from the side of the opposing substrate
20, and FIG. 12 is an H-H' cross-sectional view of FIG. 11.

[0106]

In FIG. 12, a sealant 52 is provided along the edge of the TFT array substrate 10, and a light-shielding film 53
serving as a bezel defining the periphery of the image display region 10a is provided in parallel on the inner side
thereof. In the region outside the sealant 52, the data line drive circuit 101 and external circuit connection
terminals 102 are provided along one edge of the TFT array substrate 10, and the scan line drive circuit 104 is
provided along the two edges adjacent to this edge. It goes without saying that the scan line drive circuit 104
may be provided on only one side insofar as the scan signal delay supplied to the scan line 3a is not
problematic. Furthermore, the data line drive circuit 101 may be arranged on both sides along the side of the
image display region 10a. Furthermore, on the remaining edge of the TFT array substrate 10, a plurality of
wirings 105 are provided to connect the scan line drive circuits 104 provided on both sides of the image display
region 10a. In addition, at least one corner portion of the opposing substrate 20, a vertical conductive member
106 is provided to establish electrical conduction between the TFT array substrate 10 and the opposing substrate
20. In addition, the sampling circuit 301 illustrated in FIG. 4 is provided in the frame region. Then, as illustrated
in FIG. 12, the opposing substrate 20, having approximately the same contour as the sealant 52 illustrated in
FIG. 11, is bonded to the TFT array substrate 10 by the sealant 52.

[0107]

In addition to the data line drive circuits 101, the scan line drive circuits 104, and the sampling circuits 301, a
pre-charge circuit for supplying a pre-charge signal of a predetermined voltage level to each of the plurality of
data lines 6a prior to the image signal, and a test circuit for inspecting the quality, defects, and the like of the
electro-optical device during manufacturing or shipment may also be formed on the TFT array substrate 10.
[0108]

In the embodiments described above with reference to FIG. 1 to FIG. 12, instead of providing the data line drive
circuit 101 and the scan line drive circuit 104 on the TFT array substrate 10, these circuits may be electrically
and mechanically connected to a driver LSI mounted on, for example, a TAB (Tape Automated bonding)
substrate via an anisotropic conductive film provided at the periphery of the TFT array substrate 10. On both the
side of the opposing substrate 20 where incident projected light enters and the side of the TFT array substrate 10
where emitted light exits, polarizing films, phase retardation films, polarizers, and the like are arranged in
predetermined directions according to the operating mode, such as TN mode, VA (Vertically Aligned) mode,
PDLC (Polymer Dispersed Liquid Crystal) mode, or according to whether a normally white mode or normally
black mode is employed.

[0109]

The electro-optical device according to the embodiment described above is applied to a projector, wherein three
electro-optical devices are respectively used as light valves for RGB, and light of each color separated by
dichroic mirrors for RGB color separation is incident on each light valve as projected light. Therefore, in each
embodiment, a color filter is not provided on the opposing substrate 20. However, a color filter of RGB,
together with its protective film, may be formed on the opposing substrate 20 in a predetermined region facing
the pixel electrode 9a. By configuring in this manner, the electro-optical device according to each of the
embodiments can be applied to direct-view or reflective-type color electro-optical devices other than projectors.
Furthermore, a microlens may be formed so as to correspond to each pixel on the opposing substrate 20.
Alternatively, a color filter layer may be formed beneath the pixel electrode 9a, corresponding to RGB, on the
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TFT array substrate 10 using a color resist or the like. By configuring in this manner, a bright electro-optical
device can be realized by improving the light collection efficiency of the incident light. Furthermore, a dichroic
filter that produces RGB colors by utilizing light interference may be formed on the opposing substrate 20 by
depositing multiple interference layers having different refractive indices. According to the opposing substrate
provided with the dichroic filter, a brighter color electro-optical device can be realized.

[0110]

The present invention is not limited to the embodiments described above, various modifications may be made
without departing from the spirit or scope of the invention as set forth in the claims and the overall disclosure of
the specification, and electro-optical devices and methods of manufacturing the same involving such
modifications are also included within the technical scope of the present invention.

[Brief Description of Drawings]

[FIG. 1] An equivalent circuit of various elements, wiring, and the like provided in a plurality of pixels in a
matrix shape constituting an image display region in the electro-optical device according to an embodiment of
the present invention.

[FIG. 2] A plan view of a plurality of adjacent pixel groups of a TFT array substrate in which data lines, a scan
line, a pixel electrode, and the like are formed in the electro-optical device according to the embodiment.
[FIG. 3] A cross-sectional view along the line A-A’ in FIG. 2.

[FIG. 4] A schematic plan view illustrating the configuration of various wirings such as shields and peripheral
circuits provided on the TFT array substrate in the present embodiment.

[FIG. 5] A B-B’ cross-sectional view of FIG. 4 according to one specific example of a shield that can be
adopted in the present embodiment.

[FIG. 6] A B-B’ cross-sectional view of FIG. 4 according to another specific example of a shield that can be
adopted in the present embodiment.

[FIG. 7] A B-B’ cross-sectional view of FIG. 4 according to another specific example of a shield that can be
adopted in the present embodiment.

[FIG. 8] A B-B’ cross-sectional view of FIG. 4 according to another specific example of a shield that can be
adopted in the present embodiment.

[FIG. 9] A B-B’ cross-sectional view of FIG. 4 according to another specific example of a shield that can be
adopted in the present embodiment.

[FIG. 10] A B-B’ cross-sectional view of FIG. 4 according to another specific example of a shield that can be
adopted in the present embodiment.

[FIG. 11] A plan view of the TFT array substrate in the electro-optical device according to the embodiment,
viewed from the side of the opposing substrate, together with the constituent elements formed thereon.

[FIG. 12] A cross-sectional view along the line H-H” in FIG. 11.

[Description of Reference Numerals]

la ... Semiconductor layer

la' ... Channel region

1b ... Low concentration source region

Ic ... Low concentration drain region

1d ... High concentration source region

le ... High concentration drain region

2 ... Insulating thin film

3a ... Scan line

6a ... Data line

9a ... Pixel electrode

10 ... TFT array substrate

11a ... Lower light-shielding film

12 ... Base insulating film

16 ... Alignment film

20 ... Opposing substrate

21 ... Opposing electrode

22 ... Alignment film
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