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(54) [Title of the Invention] Electro-optical Device and Electronic Equipment Equipped with the Same

(57) [Abstract]
[Problem] In an electro-optical device such as a liquid crystal
device, to achieve high-density integration and miniaturization
while displaying high-quality images free from display
unevenness along data lines.
[Solution] An electro-optical device includes, on a substrate (10),
data lines (6a) and scanning lines (3a) intersecting each other,
pixel electrodes (9a) and pixel switching elements (30) provided
corresponding to intersections of the data lines and scanning lines,
and a storage capacitor (70) electrically connected to the pixel
electrodes, wherein the storage capacitor includes a lower
electrode (71), a dielectric film (75), and an upper electrode (300a)
sequentially stacked from a lower layer side, with at least one of
the lower electrode and the upper electrode being formed of a low-
resistance film. The device further includes an additional capacitor 
(Ca(i)-k) having the same stacked structure as the storage
capacitor and electrically connected to the data lines.

[Selected Drawing] FIG. 3 
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[Scope of Claims] 
[Claim 1] 
An electro-optical device comprising, on a substrate, 
a plurality of data lines and a plurality of scanning lines intersecting each other; 
pixel electrodes and pixel switching elements provided corresponding to intersections of the data lines and scanning lines; 
a storage capacitor electrically connected to the pixel electrodes, the storage capacitor including a lower electrode, a dielectric 

film, and an upper electrode sequentially stacked from a lower layer side, with at least one of the lower electrode and the upper 
electrode being formed of a low-resistance film; 

and an additional capacitor having the same stacked structure as the storage capacitor and electrically connected to the data 
lines. 10 

[Claim 2] 
The electro-optical device according to claim 1, wherein the lower electrode and the upper electrode are formed of a metal 

film. 
[Claim 3] 
The electro-optical device according to claim 1, 
wherein the lower electrode is formed of a conductive polysilicon film, 
and the upper electrode is formed of a metal film. 
[Claim 4] 
The electro-optical device according to any one of claims 1 to 3, wherein the additional capacitor is formed on a layer lower 

than the data lines. 20 
[Claim 5] 
The electro-optical device according to any one of claims 1 to 4, wherein one electrode constituting the additional capacitor 

is set to a predetermined potential. 
[Claim 6] 
The electro-optical device according to claim 5, further comprising: an opposing substrate disposed opposite the substrate; 
an opposing electrode formed on the opposing substrate and disposed to face the pixel electrodes; 
a drive circuit disposed on either the opposing substrate or the substrate for driving the data lines, scanning lines, and pixel 

electrodes; 
a first power supply supplying a predetermined potential to the opposing electrode; 
and a second power supply supplying a predetermined potential to the drive circuit, 30 
wherein 
one electrode of the additional capacitor is electrically connected to the first power supply or 
the second power supply to be set to the predetermined potential. 
[Claim 7] 
The electro-optical device according to claim 5 or 6, further comprising a storage capacitor fixed potential line supplying a 

predetermined potential to either the lower electrode or the upper electrode, 
wherein one electrode of the additional capacitor is electrically connected 
to the storage capacitor fixed potential line to be set to the predetermined potential. 
[Claim 8] 
The electro-optical device according to any one of claims 1 to 7, further comprising: a sampling circuit disposed in a peripheral 40 

region surrounding a pixel region where the pixel electrodes are provided, the sampling circuit including a plurality of sampling 
switches each supplying an image signal to the data lines in response to a sampling signal; 

and a data line drive circuit disposed in the peripheral region for sequentially supplying the sampling signal to each sampling 
switch corresponding to the data lines, 

wherein 
the additional capacitor is disposed in a region between the region where the sampling circuit is disposed and the pixel region. 
[Claim 9] 
The electro-optical device according to any one of claims 1 to 7, further comprising a data line drive circuit provided on one 

end side of the data lines for driving the data lines, 
wherein the additional capacitor is provided on the other end side of the data lines. 50 
[Claim 10] 
The electro-optical device according to any one of claims 1 to 9, further comprising N image signal lines supplying N (where 

N is a natural number of 2 or more) serial-to-parallel converted image signals for each group of N data lines among the plurality 
of data lines, 

wherein a capacitance value of a first additional capacitor electrically connected to a data line located at an end of the group 
of N data lines differs from a capacitance value of a second additional capacitor electrically connected to a data line other than 
the data line at the end of the group. 

[Claim 11] 
An electro-optical device comprising, on a substrate, 
a plurality of data lines and a plurality of scanning lines intersecting each other; 60 
pixel electrodes and pixel switching elements provided corresponding to intersections of the data lines and scanning lines; 
a fixed potential line supplying a predetermined potential and formed of a low-resistance film; 
and an additional capacitor including a first electrode extending from the fixed potential line and a second electrode 

electrically connected to the data lines. 
[Claim 12] 
An electronic device comprising the electro-optical device according to any one of claims 1 to 11. 
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[Detailed Description of the Invention] 
[Technical Field] 
[0001] 
The present invention relates to the technical field of an electro-optical device, such as a liquid crystal device, and an electronic 

device, such as a liquid crystal projector, incorporating the electro-optical device. 
[Background Art] 
[0002] 
This type of electro-optical device includes, on a substrate, pixel electrodes, scanning lines, data lines, and thin film transistors 

(TFTs) as pixel switching elements for selectively driving the pixel electrodes, and is configured to be capable of active matrix 
driving. Additionally, for purposes such as achieving high contrast, a storage capacitor may be provided between the TFT and 10 
the pixel electrode. 

[0003] 
Active matrix driving refers to a driving method in which the operation of the TFTs is controlled by supplying scanning 

signals to the scanning lines, and image signals are supplied to the data lines, thereby applying an electric field corresponding 
to the image signals to the pixel electrodes corresponding to the TFTs turned ON by the scanning signals. Methods for supplying 
image signals include, for example, a method of sequentially supplying image signals to each data line individually or a method 
of performing serial-to-parallel conversion of image signals and simultaneously supplying them to a group of adjacent data lines. 

[0004] 
In such driven electro-optical devices, a technical problem arises in which display unevenness occurs due to push-down of 

the image signal potential written to the data lines. For instance, in the case of supplying image signals simultaneously to groups 20 
of data lines as exemplified above, display unevenness appears along the data lines at the boundary between two adjacent groups. 
Patent Document 1, disclosed by the applicant of the present application, describes a technique of providing a capacitor to the 
data lines as a means to address this technical problem. 

[0005] 
[Patent Document 1] Japanese Patent Application Laid-Open No. 2004-125887 
[Disclosure of the Invention] 
[Problem to Be Solved by Invention] 
[0006] 
Meanwhile, such electro-optical devices face a general demand for high-density integration and miniaturization. Although 

the technique disclosed in Patent Document 1 reduces display unevenness by providing capacitors to the data lines, this approach 30 
may pose a technical problem in that it could hinder achieving high-density integration and miniaturization of the device. 

[0007] 
The present invention was made in view of the above-mentioned problems and aims to provide an electro-optical device 

capable of achieving high-density integration and miniaturization while displaying high-quality images free from display 
unevenness along data lines, and an electronic device incorporating such an electro-optical device. 

[Means for Solving Problem] 
[0008] 
To solve the above problems, a first electro-optical device according to the present invention includes, on a substrate, a 

plurality of data lines and a plurality of scanning lines intersecting each other; pixel electrodes and pixel switching elements 
provided corresponding to intersections of the data lines and scanning lines; a storage capacitor electrically connected to the 40 
pixel electrodes, the storage capacitor including a lower electrode, a dielectric film, and an upper electrode sequentially stacked 
from a lower layer side, with at least one of the lower electrode and the upper electrode being formed of a low-resistance film; 
and an additional capacitor having the same stacked structure as the storage capacitor and electrically connected to the data lines. 

[0009] 
According to the first electro-optical device of the present invention, during operation, the switching operation of the pixel 

switching elements, such as thin film transistors, is controlled through the scanning lines, and image signals are supplied through 
the data lines, whereby a voltage corresponding to the image signals is applied to the pixel electrodes via the pixel switching 
elements. 

[0010] 
In the present invention, the storage capacitor connected to the pixel electrodes and pixel switching elements enhances the 50 

potential retention characteristics of the pixel electrodes. One of the lower electrode and the upper electrode constituting the 
storage capacitor is electrically connected to the pixel electrodes and pixel switching elements, functioning as a pixel potential 
side capacitor electrode, while the other is electrically connected to, for example, a fixed potential line set to a predetermined 
potential, functioning as a fixed potential side capacitor electrode. 

[0011] 
Furthermore, the present invention includes an additional capacitor electrically connected to the data lines. Thus, for example, 

the additional capacitor is added to the wiring capacitance of the data lines or the capacitance arising from the overlap between 
the data lines and other wirings, thereby appropriately securing the capacitance around the data lines. Consequently, variations 
in the potential that the data lines should maintain, i.e., push-down of the image signal potential written to the data lines, can be 
suppressed. As a result, display unevenness along the data lines caused by the push-down of the image signal potential can be 60 
reduced or prevented. 

[0012] 
In the present invention, the additional capacitor particularly has the same stacked structure as the storage capacitor. Here, 

"same stacked structure" means that the order of stacking of each layer is identical. Specifically, the additional capacitor is 
composed of one electrode formed from the same film as the lower electrode of the storage capacitor, another electrode formed 
from the same film as the upper electrode of the storage capacitor, and a dielectric film interposed between this pair of electrodes. 
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The term "formed from the same film" means that, for example, a common precursor film for the additional capacitor and the 
storage capacitor is formed, and by performing patterning on this precursor film, one electrode of the additional capacitor and 
the lower electrode of the storage capacitor are formed with specific pattern shapes corresponding to their respective locations. 
In other words, the additional capacitor and the storage capacitor are formed simultaneously in the manufacturing process. By 
manufacturing the additional capacitor and the storage capacitor concurrently, it is possible to simplify the manufacturing 
process or reduce manufacturing costs compared to manufacturing them separately. To put it in another way, by utilizing the 
process for manufacturing the storage capacitor necessary for enhancing pixel potential retention characteristics, the additional 
capacitor can be easily manufactured with a configuration similar to that of the storage capacitor. 

[0013] 
Furthermore, in the present invention, at least one of the lower electrode and the upper electrode of the storage capacitor is 10 

particularly formed of a low-resistance film. Here, the "low-resistance film" as referred to in the present invention is a conductive 
film with an electrical resistance per unit quantity, such as sheet resistance, lower than that of a conductive polysilicon film. For 
example, the "low-resistance film" is composed of a conductive metal film, such as an aluminum film. Specifically, the storage 
capacitor has, for example, a Metal-Insulator-Semiconductor (MIS) structure in which the lower electrode is formed of a 
polysilicon film and the upper electrode is formed of a low-resistance metal film. Alternatively, the storage capacitor has, for 
example, a Metal-Insulator-Metal (MIM) structure in which both the lower electrode and the upper electrode are formed of a 
low-resistance metal film. Since the additional capacitor has the same stacked structure as the storage capacitor, as described 
above, at least one of the pair of electrodes constituting the additional capacitor is also formed of a low-resistance film, such as 
an aluminum film. Thus, the additional capacitor has, for example, an MIS structure or an MIM structure, similar to the storage 
capacitor. Accordingly, the dielectric film constituting the additional capacitor can be formed of a dielectric material with a high 20 
dielectric constant (i.e., a High-K material). Therefore, it is possible to fabricate the additional capacitor with a capacitance 
value sufficient to reduce display unevenness within a relatively small area. In other words, the additional capacitor can be 
efficiently formed in a region on the substrate where other wirings or circuits are not formed (i.e., so-called dead space), thereby 
achieving high-density integration and miniaturization of the device. 

[0014] 
Moreover, if both electrodes constituting the additional capacitor were formed of a relatively high-resistance film, such as a 

conductive polysilicon film, it would be necessary to form, for example, a fixed potential line supplying a predetermined 
potential to the additional capacitor from a low-resistance film disposed in a layer separate from the pair of electrodes 
constituting the additional capacitor. Additionally, contact holes would need to be formed for each additional capacitor to 
electrically connect the fixed potential line to the additional capacitor, resulting in a complex stacked structure on the substrate. 30 
However, in the present invention, since at least one of the pair of electrodes constituting the additional capacitor is formed of 
a low-resistance film, such as an aluminum film, the fixed potential side capacitor electrode of the pair of electrodes constituting 
the additional capacitor can be formed as part of the fixed potential line supplying the predetermined potential. Thus, the 
additional capacitor can be formed without complicating the stacked structure on the substrate. Consequently, the high degree 
of freedom in layout when forming the additional capacitor allows for efficient formation of the additional capacitor in the dead 
space on the substrate. 

[0015] 
As described above, according to the first electro-optical device of the present invention, it is possible to achieve high-density 

integration and miniaturization of the device while displaying high-quality images free from display unevenness along the data 
lines. 40 

[0016] 
In one aspect of the first electro-optical device according to the present invention, the lower electrode and the upper electrode 

are formed of a metal film. 
[0017] 
According to this aspect, the storage capacitor and the additional capacitor have an MIM structure. Thus, capacitance can be 

formed with a simple structure. Specifically, since the fixed potential line supplying a predetermined potential to the storage 
capacitor and the additional capacitor can be formed from the metal film constituting the lower electrode or the upper electrode, 
it is possible to add capacitance to the data lines without complicating the stacked structure on the substrate. 

[0018] 
In another aspect of the first electro-optical device according to the present invention, the lower electrode is formed of a 50 

conductive polysilicon film, and the upper electrode is formed of a metal film. 
[0019] 
According to this aspect, the storage capacitor and the additional capacitor have an MIS structure. Therefore, for example, by 

performing an oxidation treatment to oxidize the upper surface of one electrode (i.e., the electrode formed from the same film 
as the lower electrode) constituting the additional capacitor, or by performing a firing treatment to fire the dielectric film after 
stacking it on the one electrode, the withstand voltage of the storage capacitor can be enhanced. Thus, the dielectric film can be 
formed of a High-K material, such as a silicon nitride film. Consequently, the additional capacitor can be fabricated with a 
capacitance value sufficient to reduce display unevenness within a relatively small area. 

[0020] 
In another aspect of the first electro-optical device according to the present invention, the additional capacitor is formed on a 60 

layer lower than the data lines. 
[0021] 
According to this aspect, the additional capacitor is formed on a layer lower than the data lines. That is, the storage capacitor, 

which has the same stacked structure as the additional capacitor, is also formed on a layer lower than the data lines. Therefore, 
compared to the case where the additional capacitor (and the storage capacitor) is formed on a layer higher than the data lines, 
the storage capacitor can be disposed close to the pixel switching element, which is typically disposed on a layer lower than the 
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storage capacitor and the data lines, via an interlayer insulating film. Consequently, the channel region of a thin film transistor, 
as an example of the pixel switching element, can be reliably shielded from incident light from the upper layer side. As a result, 
during device operation, light leakage current in the thin film transistor is reduced, and the contrast ratio can be improved. 

[0022] 
It should be noted that the additional capacitor may be formed on a layer higher than the data lines. In this case, the storage 

capacitor is also formed on a layer higher than the data lines, but by forming the storage capacitor to at least partially overlap 
the pixel switching element in a planar view on the substrate, the pixel switching element can be shielded from incident light 
from the upper layer side. 

[0023] 
In another aspect of the first electro-optical device according to the present invention, one electrode constituting the additional 10 

capacitor is set to a predetermined potential. 
[0024] 
According to this aspect, the additional capacitor can function appropriately. Specifically, the additional capacitor can 

accumulate an appropriate amount of charge corresponding to the potential difference between the voltage of the image signal 
supplied to the data lines and the predetermined potential. The "predetermined potential" as referred to in the present invention 
means a potential predetermined regardless of changes in the image signal potential or image data, and may be, for example, a 
fixed potential completely constant with respect to the time axis or a fixed potential that remains constant for a certain period 
(e.g., a potential inverted with respect to a reference potential at regular intervals). 

[0025] 
In the aspect mentioned earlier where one electrode constituting the additional capacitor is set to a predetermined potential, 20 

the device may further include: an opposing substrate disposed opposite the substrate; an opposing electrode formed on the 
opposing substrate and disposed to face the pixel electrodes; a drive circuit disposed on either the opposing substrate or the 
substrate for driving the data lines, scanning lines, and pixel electrodes; a first power supply supplying a predetermined potential 
to the opposing electrode; and a second power supply supplying a predetermined potential to the drive circuit, wherein the one 
electrode is electrically connected to the first power supply or the second power supply to be set to the predetermined potential. 

[0026] 
In this case, the power supply for setting one electrode of the additional capacitor to the predetermined potential is shared 

with the power supply (i.e., the first power supply) for setting the opposing electrode to a predetermined potential (i.e., the 
opposing electrode potential) or the power supply (i.e., the second power supply) for supplying a predetermined potential to the 
drive circuit, thereby simplifying the device configuration. This aspect also includes cases where the first power supply and the 30 
second power supply are a single common power supply. 

[0027] 
In the aspect where one electrode constituting the additional capacitor is set to a predetermined potential, the device may 

further include a storage capacitor fixed potential line supplying a predetermined potential to either the lower electrode or the 
upper electrode, wherein the one electrode is electrically connected to the storage capacitor fixed potential line to be set to the 
predetermined potential. 

[0028] 
In this case, the wiring for setting one electrode of the additional capacitor to the predetermined potential is shared with the 

storage capacitor fixed potential line supplying a predetermined potential to the fixed potential side capacitor electrode of the 
storage capacitor, thereby simplifying the device configuration. Furthermore, in this aspect, since substantially or completely 40 
the same predetermined potential is supplied to the additional capacitor and the storage capacitor, the voltage corresponding to 
the image signal in the storage capacitor and the voltage corresponding to the image signal in the additional capacitor can be 
substantially or completely matched. Thus, the voltage generated in the additional capacitor can be suppressed. 

[0029] 
In another aspect of the first electro-optical device according to the present invention, the device further includes: a sampling 

circuit disposed in a peripheral region surrounding the pixel region where the pixel electrodes are provided, the sampling circuit 
including a plurality of sampling switches each supplying an image signal to the data lines in response to a sampling signal; and 
a data line drive circuit disposed in the peripheral region for sequentially supplying the sampling signal to each sampling switch 
corresponding to the data lines, wherein the additional capacitor is disposed in a region between the region where the sampling 
circuit is disposed and the pixel region. 50 

[0030] 
According to this aspect, by disposing the additional capacitor in the region between the region where the sampling circuit is 

disposed and the pixel region, the additional capacitor can be efficiently formed on a substrate with limited area. Thus, high-
density integration and miniaturization of the device can be achieved. 

[0031] 
Furthermore, according to this aspect, the additional capacitor can be electrically connected between the drain of a thin film 

transistor, which is an example of a sampling switch, and the data line. Thus, it is possible to suppress an increase in the push-
down amount of the image signal potential written to the data line due to the influence of parasitic capacitance between the gate 
and drain of the thin film transistor. Specifically, by electrically connecting the additional capacitor immediately after the output 
side of the sampling switch, it is possible to suppress the push-down in the sampling switch from causing variations in the 60 
potential of the data line. 

[0032] 
In another aspect of the first electro-optical device according to the present invention, the device further includes a data line 

drive circuit provided on one end side of the data lines for driving the data lines, wherein the additional capacitor is provided 
on the other end side of the data lines. 

[0033] 
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According to this aspect, the positional relationship of various components with respect to the data lines becomes favorable. 
In this aspect, since the data line drive circuit is disposed at one end of the data lines and the additional capacitor is disposed at 
the other end, the flow of the image signal proceeds from the data line drive circuit, through the data lines (and the pixel 
switching elements and pixel electrodes connected thereto), to the additional capacitor, enabling smooth transmission of the 
image signal to the pixel electrodes. Additionally, charge accumulation in the additional capacitor is performed using, so to 
speak, a used image signal. In other words, according to this aspect, despite providing the additional capacitor, which could act 
as an obstacle to the data lines, any adverse effects that might arise can be effectively avoided. 

[0034] 
In this aspect, a sampling circuit or the like may be provided between the data line drive circuit and the data lines. 
[0035] 10 
In another aspect of the first electro-optical device according to the present invention, the device further includes N image 

signal lines supplying N (where N is a natural number of 2 or more) serial-to-parallel converted image signals for each group 
of N data lines among the plurality of data lines, wherein a capacitance value of a first additional capacitor electrically connected 
to a data line located at an end of the group of N data lines differs from a capacitance value of a second additional capacitor 
electrically connected to a data line other than the data line at the end of the group. 

[0036] 
According to this aspect, during operation, N series of serial-to-parallel converted image signals are supplied to N image 

signal lines and further supplied to, for example, a sampling circuit. The N series of image signals are generated, for example, 
by an external circuit converting a serial image signal into multiple parallel image signals, such as 3-phase, 6-phase, 12-phase, 
24-phase, etc., to achieve high-definition image display while suppressing an increase in drive frequency. In parallel with the 20 
supply of such image signals, a data line drive circuit sequentially supplies sampling signals to each sampling switch 
corresponding to a group of data lines. Consequently, the sampling circuit sequentially supplies N image signals to the plurality 
of data lines for each group of data lines in response to the sampling signals. Thus, the data lines belonging to the same data line 
group are driven simultaneously. 

[0037] 
When driving is performed for each data line group in this manner, while image signals are supplied to one data line group, 

the potential of a data line belonging to this data line group and adjacent to another data line group to be driven next may differ 
from the potential of a data line belonging to the other data line group, depending on the content of the displayed image. 

[0038] 
When the push-down amount of the image signal potential in the two data lines located at both ends of a data line group 30 

differs from the push-down amount in the other data lines belonging to the same data line group due to such a potential difference, 
the push-down amount in each data line can be made uniform by setting the capacitance values of the two additional capacitors 
(i.e., the first additional capacitors) corresponding to these two data lines to be different from the capacitance values of the other 
additional capacitors (i.e., the second additional capacitors) electrically connected to the other data lines in the data line group. 
Thus, display unevenness along the data lines can be reduced or prevented. 

[0039] 
To solve the above problems, a second electro-optical device according to the present invention includes, on a substrate, a 

plurality of data lines and a plurality of scanning lines intersecting each other; pixel electrodes and pixel switching elements 
provided corresponding to intersections of the data lines and scanning lines; a fixed potential line supplying a predetermined 
potential and formed of a low-resistance film; and an additional capacitor including a first electrode extending from the fixed 40 
potential line and a second electrode electrically connected to the data lines. 

[0040] 
According to the second electro-optical device of the present invention, during operation, a voltage corresponding to the 

image signal is applied to the pixel electrodes in substantially the same manner as in the first electro-optical device described 
above. 

[0041] 
The second electro-optical device according to the present invention includes an additional capacitor electrically connected 

to the data lines, similar to the first electro-optical device described above. Thus, the capacitance around the data lines can be 
appropriately secured. Consequently, push-down of the image signal potential written to the data lines can be suppressed. As a 
result, display unevenness along the data lines caused by the push-down of the image signal potential can be reduced or 50 
prevented. 

[0042] 
In the present invention, the first electrode constituting the additional capacitor extends from the fixed potential line and 

functions as a fixed potential side electrode. Meanwhile, the second electrode constituting the additional capacitor is electrically 
connected to the data lines and functions as a pixel potential side electrode. The fixed potential line is formed of a low-resistance 
film, such as an aluminum film. Thus, the first electrode extending from the fixed potential line is also formed of a low-resistance 
film. If both electrodes constituting the additional capacitor were formed of a relatively high-resistance film, such as a 
conductive polysilicon film, it would be necessary to form the fixed potential line supplying a predetermined potential to the 
additional capacitor from a low-resistance film disposed in a layer separate from the pair of electrodes constituting the additional 
capacitor, and further form contact holes for each additional capacitor to electrically connect the fixed potential line to the 60 
additional capacitor, resulting in a complex stacked structure on the substrate. However, in the present invention, the first 
electrode constituting the additional capacitor extends from the fixed potential line. In other words, the first electrode is formed 
as part of the fixed potential line supplying the predetermined potential. Thus, the additional capacitor can be formed without 
complicating the stacked structure on the substrate. Consequently, the high degree of freedom in layout when forming the 
additional capacitor allows for efficient formation of the additional capacitor in the dead space on the substrate. 

[0043] 
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As described above, according to the second electro-optical device of the present invention, it is possible to achieve high-
density integration and miniaturization of the device while displaying high-quality images free from display unevenness along 
the data lines. 

[0044] 
To solve the above problems, an electronic device of the present invention includes the electro-optical device of the present 

invention described above (including its various aspects). 
[0045] 
Since the electronic device of the present invention includes the first or second electro-optical device described above, it is 

possible to realize various electronic devices capable of high-quality image display, such as projection display devices, 
televisions, mobile phones, electronic organizers, word processors, viewfinder-type or direct-view monitor-type video tape 10 
recorders, workstations, video phones, POS terminals, and touch panels. Additionally, as the electronic device of the present 
invention, it is possible to realize electrophoretic devices such as electronic paper, electron emission devices (e.g., Field 
Emission Displays and Conduction Electron-Emitter Displays), and display devices using these electrophoretic devices or 
electron emission devices. 

[0046] 
The operations and other advantages of the present invention will become apparent from the best mode for carrying out the 

invention described below. 
[Best Mode for Carrying Out the Invention] 
[0047] 
Hereinafter, embodiments of the present invention will be described with reference to the drawings. In the following 20 

embodiments, a liquid crystal device of a TFT active matrix driving type with a built-in drive circuit, which is an example of 
the electro-optical device of the present invention, will be described. 

<First Embodiment> 
The liquid crystal device according to the first embodiment will be described with reference to FIGS. 1 to 7. 
[0048] 
First, the overall configuration of the liquid crystal device according to this embodiment will be described with reference to 

FIGS. 1 and 2. FIG. 1 is a plan view showing the overall configuration of the liquid crystal device according to this embodiment, 
and FIG. 2 is a cross-sectional view taken along the line H-H' in FIG. 1. 

[0049] 
In FIG. 1 and 2, in the liquid crystal device 100 according to this embodiment, a TFT array substrate 10, and an opposing 30 

substrate 20 are disposed opposite each other. A liquid crystal layer 50 is sealed between the TFT array substrate 10 and the 
opposing substrate 20, and the TFT array substrate 10 and the opposing substrate 20 are adhered to each other by a sealing 
material 52 provided in a sealing region located around an image display region 10a, which is an example of the "pixel region" 
according to the present invention. 

[0050] 
In FIG. 1, parallel to the inner side of the sealing region where the sealing material 52 is disposed, a light-blocking frame-

shaped light-shielding film 53 defining the frame region of the image display region 10a is provided on the opposing substrate 
20 side. In the peripheral region outside the sealing region where the sealing material 52 is disposed, a data line drive circuit 
101 and external circuit connection terminals 102 are provided along one side of the TFT array substrate 10. A sampling circuit 
7 is provided inside the sealing region along this one side, covered by the frame-shaped light-shielding film 53. Scanning line 40 
drive circuits 104 are provided inside the sealing region along two sides adjacent to this one side, covered by the frame-shaped 
light-shielding film 53. On the TFT array substrate 10, vertical conduction terminals 106 for connecting both substrates via 
vertical conduction materials 107 are disposed in regions facing the four corners of the opposing substrate 20. This enables 
electrical conduction between the TFT array substrate 10 and the opposing substrate 20. 

[0051] 
On the TFT array substrate 10, routing wirings 90 are formed to electrically connect the external circuit connection terminals 

102, the data line drive circuit 101, the scanning line drive circuits 104, and the vertical conduction terminals 106. The routing 
wirings 90 include image signal lines 171, an opposing electrode potential line 91, and the like, which will be described later. 

[0052] 
Although not shown here, as described later, a plurality of capacitors (additional capacitors) electrically connected to each 50 

data line are disposed in the peripheral region located around the image display region 10a. 
[0053] 
In FIG. 2, a stacked structure is formed on the TFT array substrate 10, incorporating wirings such as thin film transistors 

(TFTs) for pixel switching as drive elements, scanning lines, and data lines. In the image display region 10a, pixel electrodes 9a 
are provided in a matrix on the upper layer of the wirings such as TFTs for pixel switching, scanning lines, and data lines. An 
alignment film is formed on the pixel electrodes 9a. On the other hand, a light-shielding film 23 is formed on the surface of the 
opposing substrate 20 facing the TFT array substrate 10. The light-shielding film 23 is formed of, for example, a light-shielding 
metal film and is patterned, for example, in a grid shape within the image display region 10a on the opposing substrate 20. An 
opposing electrode 21 made of a transparent material such as ITO is formed over substantially the entire surface to face the 
plurality of pixel electrodes 9a on the light-shielding film 23. An alignment film is formed on the opposing electrode 21. The 60 
liquid crystal layer 50 is composed of, for example, a liquid crystal in which one or several types of nematic liquid crystals are 
mixed, and it assumes a predetermined alignment state between the pair of alignment films. 

[0054] 
Although not shown here, as described later, an inspection circuit for inspecting the quality, defects, and the like of the liquid 

crystal device during manufacturing or at the time of shipment is formed in the peripheral region on the TFT array substrate 10. 
[0055] 
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Next, the electrical configuration of the liquid crystal device according to this embodiment will be described with reference 
to FIG. 3. FIG. 3 is a block diagram showing the electrical configuration of the liquid crystal device according to this 
embodiment. 

[0056] 
In FIG. 3, the liquid crystal device 100 includes a scanning line drive circuit 104, a data line drive circuit 101, a sampling 

circuit 7, an inspection circuit 900, image signal lines 171, and a capacitor unit CA in the peripheral region of the TFT array 
substrate 10. 

[0057] 
The scanning line drive circuit 104, upon receiving a Y start pulse DY, sequentially generates and outputs scanning signals 

Y1, ..., Ym based on the timing of a Y clock signal CLY and an inverted Y clock signal CLYinv. The data line drive circuit 101, 10 
upon receiving an X start pulse DX, sequentially generates and outputs sampling signals S1, S2, ..., Sn based on the timing of 
an X clock signal CLX and an inverted X clock signal CLXinv. Each of the scanning line drive circuit 104 and the data line 
drive circuit 101 includes signal processing means, such as a shift register, composed of a plurality of TFTs formed in the 
peripheral region of the image display region 10a on the TFT array substrate 10. 

[0058] 
The sampling circuit 7 includes a plurality of sampling switches 77 provided for each data line 6a. Each sampling switch 77 

is composed of a single-channel TFT, either P-channel or N-channel. Therefore, compared to the case where each sampling 
switch 77 is composed of a complementary TFT, the area required on the TFT array substrate 10 to dispose each sampling 
switch 77 is smaller, allowing the plurality of sampling switches 77 to be arranged at a finer pitch. This enables high-definition 
image display. 20 

[0059] 
The liquid crystal device 100 includes data lines 6a, scanning lines 3a, and capacitor lines 300 as an example of the "storage 

capacitor fixed potential line" according to the present invention, which are wired vertically and horizontally in the image display 
region 10a occupying the center of the TFT array substrate 10. Pixel units 700 are provided in a matrix at positions corresponding 
to the intersections of the data lines 6a and the scanning lines 3a. Each pixel unit 700 includes a liquid crystal element 118, a 
TFT 30 for pixel switching, and a storage capacitor 70. The liquid crystal element 118 is composed of a pixel electrode 9a, an 
opposing electrode 21, and a liquid crystal layer 50 interposed between the pair of electrodes (see FIG. 2). The capacitor line 
300 is electrically connected to an opposing electrode potential line 91. The opposing electrode potential line 91 is electrically 
connected to a fixed potential power supply (not shown) via the external circuit connection terminals 102 (see FIG. 1). The 
potential of the power supply supplied to the opposing electrode potential line 91 (and the capacitor line 300 electrically 30 
connected thereto) is the opposing electrode potential LCCOM, which is an example of the "predetermined potential" according 
to the present invention, supplied to the opposing electrode 21 (see FIG. 2) disposed opposite the pixel electrodes 9a. The 
capacitor line 300 is electrically connected to one electrode constituting the storage capacitor 70 (in this embodiment, as 
described later, a part of the capacitor line 300 constitutes one electrode of the storage capacitor 70). The potential of this one 
electrode is maintained at the opposing electrode potential LCCOM during the operation of the liquid crystal device 100. The 
storage capacitor 70 is added in parallel with the liquid crystal element 118. Since the voltage of the pixel electrode 9a is held 
by the storage capacitor 70 for a period, for example, three orders of magnitude longer than the time during which the image 
signal is applied, the retention characteristics are improved, resulting in a high contrast ratio. 

[0060] 
Each of the image signal lines 171 is electrically connected to a corresponding data line 6a via the sampling circuit 7. The N 40 

series (in this embodiment, N = 6, i.e., six series) of image signals obtained by serial-to-parallel conversion of one series of 
input image data VID supplied from an external circuit are supplied to each data line 6a via the sampling switches 77, which 
are turned on and off in response to the sampling signal Si. The N series of image signals are generated, for example, by 
converting one series of input image data using signal conversion means such as an image signal supply circuit (not shown). 
Serial-to-parallel conversion is also referred to as serial-to-parallel expansion or phase expansion. 

[0061] 
In this embodiment, six series, i.e., six-phase (N = 6), image signals VID1 to VID6 are generated, and six image signal lines 

171 are provided corresponding to these six-phase image signals. Furthermore, in an image signal supply circuit (not shown), 
the voltages of the image signals VID1 to VID6 are inverted to positive and negative polarities with respect to the reference 
potential, which is the opposing electrode potential LCCOM, and the polarity-inverted image signals VID1 to VID6 are output. 50 
The number of phases for serial-to-parallel expansion (i.e., the number of series of image signals subjected to serial-to-parallel 
expansion) is not limited to six phases. 

[0062] 
The inspection circuit 900 is electrically connected to the data lines 6a and supplies inspection signals to each pixel unit 700. 
[0063] 
The capacitor unit CA includes a plurality of capacitors Ca(i)-k (where i = 1, 2, ..., n, where n is a natural number of 2 or 

more, and k = 1, 2, ..., N; in this embodiment, N = 6) as an example of the "additional capacitor" according to the present 
invention. The plurality of capacitors Ca(i)-k are electrically connected to a fixed potential line 310 for capacitance formation 
and each data line 6a. The fixed potential line 310 for capacitance formation is electrically connected to the opposing electrode 
potential line 91, to which the opposing electrode potential LCCOM is supplied. These capacitors Ca(i)-k can reduce or prevent 60 
the image signal potential supplied to the data lines 6a from becoming lower than the original image signal potential (i.e., push-
down) when the sampling switches 77 are turned on. Specifically, by adding the capacitance of the capacitors Ca(i)-k to, for 
example, the wiring capacitance of the data lines 6a or the capacitance caused by the overlap between the data lines 6a and other 
wirings, the capacitance around the data lines 6a can be appropriately secured. Consequently, variations in the potential that the 
data lines 6a should maintain, i.e., push-down of the image signal potential written to the data lines 6a, can be suppressed. As a 
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result, display unevenness along the data lines 6a caused by the push-down of the image signal potential can be reduced or 
prevented. 

[0064] 
In this embodiment, as described later, the plurality of data lines 6a are sequentially driven for each data line group consisting 

of six data lines 6a. The capacitor Ca(i)-k is connected to the k-th data line 6a from the left among the six data lines 6a belonging 
to the i-th data line group (i.e., a data line group consisting of six data lines 6a to which the sampling signal Si is simultaneously 
supplied). 

[0065] 
Next, the operating principle of the liquid crystal device according to this embodiment will be described with reference to 

FIG. 3. The liquid crystal device 100 according to this embodiment is driven by a 1H inversion driving method, which is an 10 
example of a line inversion method. 

[0066] 
In FIG. 3, the TFT 30 is an example of the "pixel switching element" according to the present invention and is provided to 

apply an image signal supplied from the data line 6a to a selected pixel. The gate of the TFT 30 is electrically connected to the 
scanning line 3a, and the source is electrically connected to the data line 6a. The drain of the TFT 30 is electrically connected 
to the pixel electrode 9a (see FIG. 2) constituting the liquid crystal element 118. The pixel electrode 9a holds a liquid crystal 
capacitance formed with the opposing electrode 21, described later, for a certain period in accordance with the image signal. 
One electrode of the storage capacitor 70 is electrically connected to the drain of the TFT 30 in parallel with the pixel electrode 
9a, and the other electrode is connected to the capacitor line 300 to which the opposing electrode potential LCCOM is supplied, 
maintaining a fixed potential. 20 

[0067] 
The liquid crystal device 100 employs, for example, a TFT active matrix driving method, where scanning signals Y1, Y2, ..., 

Ym are sequentially applied to each scanning line 3a from the scanning line drive circuit 104, and image signals are applied to 
the data lines 6a from the data line drive circuit 101 in the column of the selected pixel region in the horizontal direction where 
the TFT 30 is turned on. In this case, the image signals may be sequentially supplied to each data line 6a. As a result, the image 
signals are supplied to the pixel electrodes 9a in the selected pixel region. Since the TFT array substrate 10 and the opposing 
substrate 20 are disposed opposite each other with the liquid crystal layer 50 interposed therebetween (see FIG. 2), applying an 
electric field to the liquid crystal layer 50 for each pixel arranged in a matrix as described above controls the amount of 
transmitted light for each pixel between the substrates, enabling grayscale image display. At this time, leakage of the image 
signals held in each pixel unit 700 is prevented by the storage capacitor 70. 30 

[0068] 
The image signals VID1 to VID6, which are serial-to-parallel expanded into six phases, are supplied to each pixel unit 700 

via N image signal lines 171, which in this embodiment are six image signal lines. The data lines 6a are sequentially driven for 
each data line group consisting of six data lines 6a corresponding to the number of image signal lines 171, as described below. 

[0069] 
The sampling signals Si (i = 1, 2, ..., n) are sequentially supplied from the data line drive circuit 101 to each sampling switch 

77 corresponding to a data line group, and each sampling switch 77 is turned on in response to the sampling signal Si. 
[0070] 
Thus, the image signals VID1 to VID6 are simultaneously supplied to the data lines 6a belonging to a data line group from 

each of the six image signal lines 171 via the sampling switches 77 turned on, and are sequentially supplied for each data line 40 
group, so that the data lines 6a belonging to the same data line group are driven simultaneously. Therefore, according to the 
liquid crystal device 100, driving the data lines 6a for each data line group can suppress the drive frequency. 

[0071] 
An applied voltage defined by the potentials of the pixel electrode 9a and the opposing electrode 21 is applied to the liquid 

crystal element 118. The liquid crystal modulates light and enables grayscale display by changing the orientation or order of the 
molecular assembly in response to the applied voltage level. In normally white mode, the transmittance of incident light 
decreases in response to the voltage applied to each pixel unit, while in normally black mode, the transmittance of incident light 
increases in response to the voltage applied to each pixel unit. As a result, light with contrast corresponding to the image signals 
VID1 to VID6 is emitted from the liquid crystal device 100, displaying an image. 

[0072] 50 
In this embodiment, since the 1H inversion driving method is adopted, during the image display period of the m-th (where m 

is a natural number) field or frame, a voltage with a polarity opposite to that of the adjacent row with respect to the reference 
voltage is applied to each row of pixel electrodes 9a arranged in the direction along the data lines 6a (i.e., the Y direction in FIG. 
3), and the pixel units 700 are driven with liquid crystal drive voltages of opposite polarities applied for each row. More 
specifically, in the image display period of the m+1-th field or frame following the m-th field, the polarity of the liquid crystal 
drive voltage is inverted. From the m+2-th field or frame onward, the same state as in the m-th and m+1-th fields is periodically 
repeated. By periodically inverting the polarity of the voltage applied to the liquid crystal layer 50 in this manner, the application 
of a DC voltage to the liquid crystal is prevented, suppressing liquid crystal degradation. Additionally, since the polarity of the 
applied voltage is inverted for each row of pixel electrodes 9a, crosstalk and flicker are reduced. While the potential of the 
electrode electrically connected to the capacitor line 300 among the pair of electrodes constituting the storage capacitor 70 is 60 
maintained at the opposing electrode potential LCCOM and thus constant, the potential of the electrode not electrically 
connected to the capacitor line 300 becomes periodically inverted in polarity due to the polarity inversion of the applied voltage 
relative to the opposing electrode potential LCCOM, i.e., the image signal potential. 

[0073] 
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In this embodiment, the 1H inversion driving method is described as the driving method for the liquid crystal device 100, but 
a 1S inversion driving method, in which a voltage of opposite polarity is applied for each pixel column, or a dot inversion 
driving method, in which a voltage of opposite polarity is applied for each adjacent pixel, may also be adopted. 

[0074] 
Next, the specific configuration of the pixel unit that realizes the above operations will be described with reference to FIGS. 

4 and 5. FIG. 4 is a plan view of a plurality of adjacent pixel unit groups in which data lines, scanning lines, pixel electrodes, 
and the like are formed on the TFT array substrate in the liquid crystal device according to this embodiment, and FIG. 5 is a 
cross-sectional view taken along the line A-A' in FIG. 4. 

[0075] 
In FIG. 4, a plurality of pixel electrodes 9a are provided in a matrix on the TFT array substrate 10 (their outlines are indicated 10 

by dotted lines 9a'), and data lines 6a and scanning lines 3a are provided along the vertical and horizontal boundaries of the 
pixel electrodes 9a, respectively. The data lines 6a are made of, for example, a metal film or alloy film such as an aluminum 
film, and the scanning lines 3a are made of, for example, a conductive polysilicon film. The scanning lines 3a are disposed to 
face the channel region 1a' of the semiconductor layer 1a, indicated by the diagonally upward hatched area in the figure, and the 
scanning lines 3a function as gate electrodes. Specifically, at each intersection of the scanning lines 3a and the data lines 6a, a 
TFT 30 for pixel switching is provided, with the main line portion of the scanning line 3a disposed as a gate electrode facing 
the channel region 1a'. 

[0076] 
As shown in FIG. 5, the liquid crystal device 100 includes a transparent TFT array substrate 10 and a transparent opposing 

substrate 20 disposed opposite thereto. The TFT array substrate 10 is made of, for example, a quartz substrate, a glass substrate, 20 
or a silicon substrate, and the opposing substrate 20 is made of, for example, a glass substrate or a quartz substrate. The TFT 
array substrate 10 is provided with pixel electrodes 9a, on which an alignment film 16 subjected to a predetermined alignment 
treatment, such as rubbing, is formed. The pixel electrodes 9a are made of, for example, a transparent conductive film such as 
an ITO film. On the other hand, the opposing substrate 20 is provided with an opposing electrode 21 over substantially its entire 
surface, and an alignment film 22 subjected to a predetermined alignment treatment, such as rubbing, is formed on the lower 
side thereof. The opposing electrode 21 is made of, for example, a transparent conductive film such as an ITO film, similar to 
the pixel electrodes 9a, and the alignment films 16 and 22 are made of, for example, a transparent organic film such as a 
polyimide film. The liquid crystal layer 50 assumes a predetermined alignment state by the alignment films 16 and 22 when no 
electric field is applied from the pixel electrodes 9a. 

[0077] 30 
As shown in FIG. 5, the TFT 30 has a Lightly Doped Drain (LDD) structure, and its components include the scanning line 3a 

functioning as a gate electrode as described above, a channel region 1a' of a semiconductor layer 1a made of, for example, a 
polysilicon film in which a channel is formed by an electric field from the scanning line 3a, an insulating film 2 including a gate 
insulating film insulating the scanning line 3a from the semiconductor layer 1a, and a low-concentration source region 1b, a 
low-concentration drain region 1c, a high-concentration source region 1d, and a high-concentration drain region 1e in the 
semiconductor layer 1a. 

[0078] 
The TFT 30 preferably has the LDD structure as shown in FIG. 5, but it may have an offset structure in which impurities are 

not implanted into the low-concentration source region 1b and the low-concentration drain region 1c, or it may be a self-aligned 
TFT in which impurities are implanted at a high concentration using a gate electrode formed from a part of the scanning line 3a 40 
as a mask to form the high-concentration source region and the high-concentration drain region in a self-aligned manner. In this 
embodiment, the TFT 30 for pixel switching has a single-gate structure with only one gate electrode disposed between the high-
concentration source region 1d and the high-concentration drain region 1e, but two or more gate electrodes may be disposed 
therebetween. By configuring the TFT with a dual-gate or triple-gate or more, leakage current at the junctions between the 
channel and the source and drain regions can be prevented, reducing the current when off. Furthermore, the semiconductor layer 
1a constituting the TFT 30 may be either a non-single-crystal layer or a single-crystal layer. A known method such as a bonding 
method can be used to form the single-crystal layer. By using a single-crystal layer for the semiconductor layer 1a, the 
performance of peripheral circuits can be particularly enhanced. 

[0079] 
In FIG. 5, the storage capacitor 70 is provided on the upper layer side of the TFT 30 via an interlayer insulating film 41 and 50 

is formed by a lower electrode 71 connected to the high-concentration drain region 1e of the TFT 30 and the pixel electrode 9a, 
and an upper electrode 300a formed as a part of the capacitor line 300, which are disposed opposite each other with a dielectric 
film 75 interposed therebetween. 

[0080] 
The lower electrode 71 is made of a conductive polysilicon film and is electrically connected to the high-concentration drain 

region 1e of the TFT 30 via a contact hole 83 opened in the interlayer insulating film 41. That is, the lower electrode 71 functions 
as a pixel potential side capacitor electrode set to the pixel potential. An extension portion of the lower electrode 71 is electrically 
connected to the pixel electrode 9a via a contact hole 85 opened through the interlayer insulating films 43 and 42. Thus, in 
addition to functioning as a pixel potential side capacitor electrode, the lower electrode 71 also serves to electrically relay and 
connect the pixel electrode 9a to the high-concentration drain region 1e of the TFT 30 via the contact holes 83 and 85. 60 

A High Temperature Oxide (HTO) film is formed on the upper layer side of the lower electrode 71, as described later. 
[0081] 
The interlayer insulating films 41, 42, and 43 are each formed of, for example, Non-Silicate Glass (NSG). Alternatively, the 

interlayer insulating films 41, 42, and 43 may be formed of silicate glass such as Phosphosilicate Glass (PSG), Borosilicate 
Glass (BSG), or Borophosphosilicate Glass (BPSG), silicon nitride, silicon oxide, or the like. 

[0082] 
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The dielectric film 75 is composed of, for example, a relatively thin silicon nitride (SiN) film with a thickness of about 5 to 
300 nm. From the perspective of increasing the storage capacitor 70, the dielectric film 75 is preferably as thin as possible, 
provided that sufficient film reliability is ensured. The dielectric film 75 may be subjected to a firing treatment, in which case 
the denseness of the dielectric film can be enhanced. 

[0083] 
The upper electrode 300a is formed as a part of the capacitor line 300 made of an aluminum film and functions as a fixed 

potential side capacitor electrode disposed opposite the lower electrode 71. The capacitor line 300 and the upper electrode 3a 
are not limited to an aluminum film and may be formed of another conductive film with an electrical resistance per unit quantity, 
such as sheet resistance, lower than that of a conductive polysilicon film. The capacitor line 300 and the upper electrode 3a may 
also have a laminated structure of a two-layer or multilayer film in which multiple conductive films are stacked. In a planar 10 
view, as shown in FIG. 4, the capacitor line 300 is formed overlapping the formation region of the scanning line 3a. More 
specifically, the capacitor line 300 includes a main line portion extending along the scanning line 3a, protruding portions 
protruding upward along the data lines 6a from each intersection with the data lines 6a in the figure, and constricted portions 
slightly narrowed at locations corresponding to the contact holes 85. The protruding portions contribute to increasing the 
formation area of the storage capacitor 70 by utilizing the region above the scanning line 3a and the region below the data line 
6a. As described above, the capacitor line 300 is electrically connected to a fixed potential source via the opposing electrode 
potential line 91 wired around the image display region 10a and is set to a predetermined potential (i.e., the opposing electrode 
potential LCCOM). 

[0084] 
In this embodiment, particularly, the lower electrode 71 is made of a conductive polysilicon film, and the upper electrode 20 

300a is made of an aluminum film. That is, the storage capacitor 70 has an MIS structure in which a semiconductor film, an 
insulating film, and a metal film are sequentially stacked. An HTO film is formed on the upper layer side of the lower electrode 
71. The HTO film is a high-temperature silicon oxide film formed by oxidizing the upper surface of the lower electrode 71 made 
of a polysilicon film or a film formed by a Low Pressure (LP)-CVD method. The HTO film formed between the lower electrode 
71 and the dielectric film 75 enhances the withstand voltage of the storage capacitor 70. Thus, the occurrence of leakage current 
can be suppressed or prevented, and the capacitance of the storage capacitor 70 can be increased by using a high dielectric 
constant material (i.e., a High-K material). As a result, flicker, pixel unevenness, and the like can be reduced or preferably 
eliminated, enabling high-quality display. 

[0085] 
Next, the configuration of the capacitors electrically connected to the data lines of the liquid crystal device according to this 30 

embodiment will be described with reference to FIGS. 6 and 7 in addition to FIG. 3. FIG. 6 is a plan view of the capacitors 
electrically connected to the data lines, and FIG. 7 is a cross-sectional view taken along the line B-B' in FIG. 6. In FIG. 7, the 
scale of each layer and each member is varied to ensure that they are recognizable in the drawing. 

[0086] 
FIG. 6 shows the specific configuration of the capacitors Ca(i)-k (where k = 1, ..., 6) electrically connected to the data lines 

6a of the i-th data line group described with reference to FIG. 3. 
[0087] 
In FIG. 6, the capacitors Ca(i)-k (where k = 1, ..., 6) are arranged on the TFT array substrate 10 in a region between the region 

where the sampling circuit 7 is disposed and the image display region 10a, along a direction intersecting the data lines 6a (i.e., 
the direction in which the scanning lines 3a extend, or the X direction). 40 

[0088] 
As shown in FIG. 7, the capacitor Ca(i)-1 includes a pixel potential side electrode 511-1 electrically connected to the data 

line 6a and a fixed potential side electrode 310a formed as a part of the fixed potential line 310 for capacitance formation, which 
extends in a direction intersecting the data line 6a and is maintained at a predetermined potential, with a dielectric film 75 
interposed between the pair of electrodes. The capacitors Ca(i)-2 to Ca(i)-6 are configured substantially similarly to the capacitor 
Ca(i)-1. 

[0089] 
In FIG. 7, the pixel potential side electrode 511-1 is formed on the interlayer insulating film 41. That is, the pixel potential 

side electrode 511-1 is formed from the same film (i.e., a conductive polysilicon film) as the lower electrode 71 constituting the 
storage capacitor 70 described with reference to FIG. 5. The pixel potential side electrode 511-1 is electrically connected to the 50 
data line 6a via a contact hole 581 opened through the interlayer insulating film 42 and the dielectric film 75. As a result, the 
pixel potential side electrode 511-1 has the same potential as the data line 6a. The contact hole 581 is provided inside an opening 
591 provided in the fixed potential side electrode 310a. Thus, the contact hole 581 enables electrical connection between the 
pixel potential side electrode 511-1 and the data line 6a while maintaining electrical insulation between the pixel potential side 
electrode 511-1 and the data line 6a, and the fixed potential side electrode 310a. 

[0090] 
The fixed potential side electrode 310a (in other words, the fixed potential line 310 for capacitance formation) is formed on 

the dielectric film 75 formed on the pixel potential side electrode 511-1, so as to face the pixel potential side electrode 511-1. 
That is, the fixed potential side electrode 310a is formed from the same film (i.e., an aluminum film) as the upper electrode 300a 
(in other words, the capacitor line 300) constituting the storage capacitor 70 described with reference to FIG. 5. The fixed 60 
potential side electrode 310a is formed as a part of the fixed potential line 310 for capacitance formation, which is electrically 
connected to the opposing electrode potential line 91 (see FIG. 3) for supplying the opposing electrode potential LCCOM to the 
opposing electrode 21. Thus, the potential of the fixed potential side electrode 310a is maintained at the opposing electrode 
potential LCCOM. 

[0091] 
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Thus, in this embodiment, the capacitor Ca(i)-k particularly has the same stacked structure as the storage capacitor 70 (see 
FIG. 5). Specifically, the capacitor Ca(i)-k is composed of the pixel potential side electrode 511-1 formed from the same film 
as the lower electrode 71 of the storage capacitor 70, the fixed potential side electrode 310a formed from the same film as the 
upper electrode 300a of the storage capacitor 70, and the dielectric film 75 interposed between the pair of electrodes. In other 
words, the capacitor Ca(i)-k and the storage capacitor 70 are formed simultaneously in the manufacturing process. By 
manufacturing the capacitor Ca(i)-k and the storage capacitor 70 concurrently, it is possible to simplify the manufacturing 
process or reduce manufacturing costs compared to manufacturing them separately. In other words, by utilizing the process for 
manufacturing the storage capacitor 70 necessary for enhancing pixel potential retention characteristics, the capacitor Ca(i)-k 
can be easily manufactured with the same stacked structure as the storage capacitor 70. 

[0092] 10 
Furthermore, in this embodiment, the capacitor Ca(i)-k particularly has an MIS structure, which is the same stacked structure 

as the storage capacitor 70. Thus, the dielectric film 75 constituting the capacitor Ca(i)-k can be formed of a dielectric material 
with a high dielectric constant (i.e., a High-K material). Therefore, it is possible to fabricate the capacitor Ca(i)-k with a 
capacitance value sufficient to reduce display unevenness, as described above, within a relatively small area. In other words, 
the capacitor Ca(i)-k can be efficiently formed in a dead space on the TFT array substrate 10 where other wirings or circuits are 
not formed, enabling high-density integration and miniaturization of the device. 

[0093] 
The storage capacitor 70 and the capacitor Ca(i)-k may have an MIM structure. Specifically, both electrodes constituting each 

of the storage capacitor 70 and the capacitor Ca(i)-k may be formed of a metal film, such as an aluminum film. In this case, the 
wiring for supplying a predetermined potential to the storage capacitor 70 (in other words, the capacitor Ca(i)-k) can be formed 20 
from the metal film constituting the storage capacitor 70 (or the capacitor Ca(i)-k), enabling the addition of capacitance to the 
data lines 6a without complicating the stacked structure on the TFT array substrate 10. 

[0094] 
Additionally, as shown in FIG. 7, in this embodiment, the capacitor Ca(i)-k is particularly formed on a layer lower than the 

data line 6a. That is, as shown in FIG. 5, the storage capacitor 70, which has the same stacked structure as the capacitor Ca(i)-
k, is also formed on a layer lower than the data line 6a. Therefore, compared to the case where the capacitor Ca(i)-k (and the 
storage capacitor 70) is formed on a layer higher than the data line 6a, the storage capacitor 70 can be disposed close to the TFT 
30 for pixel switching via the interlayer insulating film 41. Consequently, the channel region 1a' of the TFT 30 for pixel 
switching can be reliably shielded from incident light from the upper layer side. As a result, during device operation, light 
leakage current in the TFT 30 is reduced, improving the contrast ratio. 30 

[0095] 
The capacitor Ca(i)-k may be formed on a layer higher than the data line 6a. In this case, the storage capacitor 70 is also 

formed on a layer higher than the data line 6a, but by forming the storage capacitor 70 to at least partially overlap the TFT 30 
in a planar view on the TFT array substrate 10, the TFT 30 can be appropriately shielded from incident light from the upper 
layer side. 

[0096] 
In FIGS. 3 and 7, in this embodiment, the capacitor Ca(i)-k is particularly disposed in a region between the region where the 

sampling circuit 7 is disposed and the image display region 10a. Thus, it can be efficiently formed on the TFT array substrate 
10 with limited area, enabling high-density integration and miniaturization of the device. 

[0097] 40 
Furthermore, in this embodiment, the capacitor Ca(i)-k is particularly electrically connected immediately after the drain of 

the sampling switch 77 composed of a single-channel TFT (in other words, on the drain or output side of the sampling switch 
77 rather than the portion of the data line 6a formed in the image display region 10a). Thus, it is possible to suppress an increase 
in the push-down amount of the image signal potential written to the data line 6a due to the influence of parasitic capacitance 
between the gate and drain of the sampling switch 77. In other words, it is possible to suppress the push-down in the sampling 
switch 77 from causing variations in the potential of the data line 6a. 

[0098] 
Additionally, as shown in FIG. 6, in this embodiment, the pixel potential side electrodes 511-1 and 511-6 of the capacitors 

Ca(i)-1 and Ca(i)-6 are particularly formed to have a smaller area than the other pixel potential side electrodes 511-2 to 511-5. 
The area where the pixel potential side electrodes 511-1 and 511-6 overlap with the fixed potential side electrode 310a and the 50 
dielectric film 75 is smaller than that of the other capacitors Ca(i)-2 to Ca(i)-5. Thus, the capacitance of each of the capacitors 
Ca(i)-1 and Ca(i)-6 is set to be relatively smaller than the capacitance of the other capacitors Ca(i)-2 to Ca(i)-5. This can suppress 
the push-down amount of the image signal potential in the two data lines 6a located at both ends of the data line group (i.e., the 
two data lines 6a connected to the capacitors Ca(i)-1 and Ca(i)-6, respectively) from differing from the push-down amount in 
the other data lines (i.e., the four data lines 6a connected to the capacitors Ca(i)-2 to Ca(i)-5, respectively) in the same data line 
group. In other words, by setting the capacitance values of the capacitors Ca(i)-1 and Ca(i)-6 to be different from the capacitance 
values of the capacitors Ca(i)-2 to Ca(i)-5, the push-down amount in each data line 6a can be made uniform. Thus, display 
unevenness along the data lines 6a can be reduced or prevented. Alternatively, the capacitance values of the capacitors may be 
optimized by providing the capacitors Ca(i)-2 and Ca(i)-5 without providing the capacitors Ca(i)-1 and Ca(i)-6. In this case as 
well, the push-down amount in each data line 6a can be made uniform. 60 

[0099] 
As described above, according to the liquid crystal device 100 of this embodiment, it is possible to achieve high-density 

integration and miniaturization of the device while displaying high-quality images free from display unevenness along the data 
lines 6a. 

<Examples of Modification> 
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Next, modifications of the liquid crystal device according to this embodiment will be described with reference to FIGS. 8 to 
10. FIG. 8 is a cross-sectional view similar to FIG. 7 in the first modification. FIG. 9 is a cross-sectional view similar to FIG. 7 
in the second modification. FIG. 10 is a cross-sectional view similar to FIG. 7 in the third modification. 

[0100] 
As shown in FIG. 8 as the first modification, the capacitor Ca(i)-1 may be configured such that the fixed potential side 

electrode 310a, the dielectric film 75, and the pixel potential side electrode 511-1 are stacked in this order from the lower layer 
side. According to this modification, when forming the contact hole 582 for connecting the data line 6a and the pixel potential 
side electrode 511-1, there is no need to avoid the fixed potential side electrode 310 (i.e., there is no need to provide the opening 
591 described with reference to FIG. 7), enabling efficient formation of the capacitor Ca(i)-1 on the TFT array substrate 10 with 
limited area. This modification provides effects similar to those of the embodiment described above. In this modification, the 10 
pixel potential side electrode 511-1 and the data line 6a are electrically connected to each other via the contact hole 582 opened 
in the interlayer insulating film 42. 

[0101] 
As shown in FIG. 9 as the second modification, the capacitor Ca(i)-1 may be formed on a layer higher than the data line 6a 

via the interlayer insulating film 42, with the pixel potential side electrode 511-1, the dielectric film 75, and the fixed potential 
side electrode 310a stacked in this order from the lower layer side. The pixel potential side electrode 511-1 is electrically 
connected to the data line 6a via a contact hole 584 opened in the interlayer insulating film 42. This modification provides 
effects similar to those of the embodiment described above. 

[0102] 
As shown in FIG. 10 as the third modification, the capacitor Ca(i)-1 may be formed on a layer higher than the data line 6a 20 

via the interlayer insulating film 42, with the fixed potential side electrode 310a, the dielectric film 75, and the pixel potential 
side electrode 511-1 stacked in this order from the lower layer side. The pixel potential side electrode 511-1 is electrically 
connected to the data line 6a via a contact hole 585 opened in the interlayer insulating film 42. The contact hole 585 is formed 
in a region that does not overlap with the fixed potential side electrode 310a in a planar view on the TFT array substrate 10. 
This modification provides effects similar to those of the embodiment described above. 

<Second Embodiment> 
Next, the liquid crystal device according to the second embodiment will be described with reference to FIG. 11. FIG. 11 is a 

block diagram similar to FIG. 3 in the second embodiment. In FIG. 11, components similar to those of the first embodiment 
shown in FIG. 3 are denoted by the same reference numerals, and their descriptions are appropriately omitted. 

[0103] 30 
As shown in FIG. 11, the liquid crystal device 120 according to the second embodiment differs from the liquid crystal device 

100 according to the first embodiment described above in that it includes a capacitor unit CB on the side opposite to the data 
line drive circuit 101 with respect to the image display region 10a, and is otherwise configured substantially similarly to the 
liquid crystal device 100 according to the first embodiment. 

[0104] 
In FIG. 11, in this embodiment, the capacitor unit CB is particularly provided on the side opposite to the data line drive circuit 

101 with respect to the image display region 10a. The capacitor unit CB includes a plurality of capacitors Cb(i)-k (where i = 1, 
2, ..., n, n is a natural number of 2 or more, and k = 1, 2, ..., 6). The capacitors Cb(i)-k are connected to the other end of the data 
line 6a, which is different from the end connected to the data line drive circuit 101. That is, the data line drive circuit 101 is 
disposed at one end of the data line 6a, and the capacitor Cb(i)-k is disposed at the other end. The capacitor Cb(i)-k has the same 40 
stacked structure as the storage capacitor 70. Thus, the flow of the image signal proceeds from the data line drive circuit 101, 
through the data line 6a (and the TFT 30 and pixel electrode 9a connected thereto), to the capacitor Cb(i)-k, enabling smooth 
transmission of the image signal to the pixel electrode 9a. Additionally, charge accumulation in the capacitor Cb(i)-k is 
performed using, so to speak, a used image signal. In other words, according to the liquid crystal device 120, despite providing 
the capacitor Cb(i)-k, which could act as an obstacle to the data line 6a, any adverse effects that might arise can be effectively 
avoided. 

<Electronic Device> 
Next, the application of the liquid crystal device, which is the electro-optical device described above, to various electronic 

devices will be described with reference to FIG. 12. FIG. 12 is a plan view showing a configuration example of a projector. 
Here, a projector using the liquid crystal device as a light valve will be described. 50 

[0105] 
As shown in FIG. 12, inside the projector 1100, a lamp unit 1102 composed of a white light source, such as a halogen lamp, 

is provided. The projection light emitted from the lamp unit 1102 is separated into the three primary colors of RGB by four 
mirrors 1106 and two dichroic mirrors 1108 disposed within a light guide 1104, and is incident on liquid crystal panels 1110R, 
1110B, and 1110G as light valves corresponding to each primary color. 

[0106] 
The configuration of the liquid crystal panels 1110R, 1110B, and 1110G is equivalent to that of the liquid crystal device 

described above, and they are driven by the primary color signals of R, G, and B supplied from an image signal processing 
circuit, respectively. The light modulated by these liquid crystal panels is incident on a dichroic prism 1112 from three directions. 
In the dichroic prism 1112, the R and B light is refracted at 90 degrees, while the G light travels straight. As a result, the images 60 
of each color are synthesized, and a color image is projected onto a screen or the like via a projection lens 1114. 

[0107] 
Focusing on the display images by the liquid crystal panels 1110R, 1110B, and 1110G, the display image by the liquid crystal 

panel 1110G needs to be horizontally inverted relative to the display images by the liquid crystal panels 1110R and 1110B. 
[0108] 
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Since the light corresponding to the primary colors of R, G, and B is incident on the liquid crystal panels 1110R, 1110B, and 
1110G via the dichroic mirrors 1108, there is no need to provide color filters. 

[0109] 
In addition to the electronic device described with reference to FIG. 12, examples include mobile personal computers, mobile 

phones, liquid crystal televisions, viewfinder-type or direct-view monitor-type video tape recorders, car navigation systems, 
pagers, electronic organizers, calculators, word processors, workstations, video phones, POS terminals, and devices with touch 
panels. It goes without saying that the present invention can be applied to these various electronic devices. 

[0110] 
The present invention is also applicable to, in addition to the liquid crystal device described in the above embodiments, 

reflective liquid crystal devices (LCOS) with elements formed on a silicon substrate, plasma displays (PDP), field emission 10 
displays (FED, SED), organic EL displays, digital micromirror devices (DMD), and electrophoretic devices. 

[0111] 
The present invention is not limited to the embodiments described above and can be appropriately modified within the scope 

that does not contradict the gist or concept of the invention as derived from the claims and the entire specification. Electro-
optical devices with such modifications and electronic devices incorporating such electro-optical devices are also included in 
the technical scope of the present invention. 

[Brief Description of Drawings] 
[0112] 
[FIG. 1] A plan view illustrating the overall configuration of the liquid crystal device according to the first embodiment. 
[FIG. 2] A cross-sectional view along the line H-H' in FIG. 1. 20 
[FIG. 3] A block diagram showing the electrical configuration of the liquid crystal device according to the first embodiment. 
[FIG. 4] A plan view of a plurality of pixel unit groups in the liquid crystal device according to this embodiment. 
[FIG. 5] A cross-sectional view along the line A-A' in FIG. 4. 
[FIG. 6] A plan view of capacitors electrically connected to data lines. 
[FIG. 7] A cross-sectional view along the line B-B' in FIG. 6. 
[FIG. 8] A cross-sectional view similar to FIG. 7 in the first modification. 
[FIG. 9] A cross-sectional view similar to FIG. 7 in the second modification. 
[FIG. 10] A cross-sectional view similar to FIG. 7 in the third modification. 
[FIG. 11] A block diagram similar to FIG. 3 in the second embodiment. 
[FIG. 12] A plan view showing the configuration of a projector as an example of an electronic device applying the electro- 30 

optical device. 
[Description of Reference Numerals] 
[0113] 
3a … Scanning line, 6a … Data line, 7 … Sampling circuit, 9a … Pixel electrode, 10 … TFT array substrate, 10a … Image 

display region, 20 … Opposing substrate, 21 … Opposing electrode, 23 … Light-shielding film, 30 … TFT, 50 … Liquid crystal 
layer, 52 … Sealing material, 53 … Frame-shaped light-shielding film, 71 … Lower electrode, 75 … Dielectric film, 91 … 
Opposing electrode potential line, 101 … Data line drive circuit, 102 … External circuit connection terminal, 104 … Scanning 
line drive circuit, 106 … Vertical conduction terminal, 107 … Vertical conduction material, 118 … Liquid crystal element, 
171 … Image signal line, 300 … Capacitor line, 300a … Upper electrode, 310 … Fixed potential line for capacitance formation, 
310a … Fixed potential side electrode, 581, 582, 584, 585 … Contact hole, 591 … Opening, 700 … Pixel unit, 900 … Inspection 40 
circuit, CA, CB … Capacitor unit, Ca(i)-k, Cb(i)-k … Capacitor, Pixel potential side electrode 511-k 
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[FIG. 1] 

[FIG. 2] 

[FIG. 4] 

[FIG. 3] 

[FIG. 5] 
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[FIG. 6] 
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[FIG. 12] 
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I, Shenal Cooray, hereby declare: 

That I possess advanced knowledge of the Japanese and English languages. The attached Japanese 
into English translation has been translated by me and to the best of my knowledge and belief, it 
is a true and accurate translation of: JP2008008942A_ELECTRO-OPTICAL DEVICE AND 
ELECTRONIC EQUIPMENT EQUIPPED WITH THE SAME 

I declare that all statements made herein of my knowledge are true, and that all statements made 
on information and belief are believed to be true. I further declare that these statements were made 
with the knowledge that willfully false statements and the like are punishable by fine or 
imprisonment or both, under Section 1001 of Title 18 of the United States Code. 

In signing 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. 
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Shenal Cooray

Page 19 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 20 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 21 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 22 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 23 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 24 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 25 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 26 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 27 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 28 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 29 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 30 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 31 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 32 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 33 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 34 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 35 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 36 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 37 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 38 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 39 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 40 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 41 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 42 BOE v. Samsung IPR2025-01479 
Ex-1011



Page 43 BOE v. Samsung IPR2025-01479 
Ex-1011


	JP2008008942A_ELECTRO-OPTICAL DEVICE AND ELECTRONIC EQUIPMENT EQUIPPED WITH THE SAME_English
	O-257410_Certification_updated
	JP_2008008942_A
	Bibliography
	Abstract
	Claims
	Drawings




