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(54) Title of Invention 
 ELECTRO-OPTICAL DEVICE 

(57) Abstract 
Problem 
 To increase the pixel aperture ratio and at the 
same time increase storage capacity, as well as reduce 
a decrease in display image quality caused by the 
formation of unevenness in the surface of an 
alignment layer in the vicinity of a pixel electrode, in 
an electro-optical device comprising an intermediate 
conductive layer for relaying between a pixel electrode 
and a pixel-switching TFT. 
Solution 
 The present electro-optical device comprises a 
TFT (30), a data line (6a), a scan line (3a), a capacitor 
line (3b), a first intermediate conductive layer (80), a 
second intermediate conductive layer (180), and a 
pixel electrode (9a) on a substrate. A first contact hole 
(8a) connecting a drain of the TFT and the first 
intermediate conductive layer is formed at a location 
overlapping the data line as seen in plan view.  
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CLAIMS 
1. An electro-optical device comprising: 
 a thin-film transistor provided on a substrate; 
 a pixel electrode electrically connected to a drain region of 
a semiconductor layer of the thin-film transistor; 
 a plurality of wires provided between the semiconductor 
layer of the thin-film transistor and the pixel electrode with an 
insulating film interposed therebetween; 
 an intermediate conductive layer making an electrical 
connection between the drain region of the semiconductor layer of the 
thin-film transistor and the pixel electrode; and 
 a first contact hole electrically connecting the drain region 
of the semiconductor layer of the thin-film transistor and the 
intermediate conductive layer beneath a region of at least one wire of 
the plurality of wires. 
2. The electro-optical device according to claim 1, wherein the 
diameter of the first contact hole is smaller than the diameter of a 
second contact hole electrically connecting the intermediate 
conductive layer and the pixel electrode. 
3. The electro-optical device according to claim 1, wherein at least one 
wire of the plurality of wires is a data line electrically connected to a 
source region of the semiconductor layer of the thin-film transistor, 
and the first contact hole is located beneath a region of the data line. 
4. The electro-optical device according to claim 3, wherein the first 
contact hole is disposed in the vicinity of the intersection of the data 
line and the scan line. 
5. The electro-optical device according to claim 3, wherein at least one 
wire of the plurality of wires forms a scan line disposed intersecting 
the data line, and the intermediate conductive layer extends along the 
scan line from the region of the data line. 
6. The electro-optical device according to claim 4, wherein a second 
contact hole electrically connecting the intermediate conductive layer 
and the pixel electrode is provided in a portion of the intermediate 
conductive layer that extends along the scan line. 
7. The electro-optical device according to claim 6, wherein the second 
contact hole is located substantially centrally between adjacent data 
lines. 
8. The electro-optical device according to claim 3 or 4, wherein the 
intermediate conductive layer extends along the data line. 
9. The electro-optical device according to claim 1, wherein at least one 
wire of the plurality of wires is a capacitor line extending beneath the 
intermediate conductive layer, and the capacitor line extends so as to 
avoid a region of the first contact hole. 
10. The electro-optical device according to claim 1, wherein the depth 
of the first contact hole is less than the depth of a second contact hole 
between the intermediate conductive layer and the pixel electrode. 
11. The electro-optical device according to claim 4, wherein 

the intermediate conductive layer is at least partially disposed 
opposing a capacitor electrode formed from the same film as the scan 
line, with an interlayer insulating film interposed therebetween. 
12. The electro-optical device according to claim 11, wherein the 
second contact hole is formed at a location overlapping the capacitor 
electrode as seen in plan view. 
13. The electro-optical device according to claim 11 or claim 12, 
wherein: 
the capacitor electrode, as seen in plan view, has a portion that extends 
along the scan line and a portion that extends along the data line from 
the location of an intersection with the data line; and 
the intermediate conductive layer overlaps at least a portion of the 
capacitor electrode, with an interlayer insulating film interposed 
therebetween. 
14. The electro-optical device according to claim 1, wherein the 
intermediate conductive layer is constituted by a light-shielding 
conductive film. 
15. The electro-optical device according to claim 14, wherein the 
intermediate conductive layer defines portion of the light-shielding 
region. 
16. The electro-optical device according to claim 15, wherein: 
the intermediate conductive layer includes a portion that extends along 
the data line as seen in plan view; and 
a portion of the light-shielding region in a direction along the data line 
is defined. 
17. The electro-optical device according to claim 16, wherein: 
 the capacitor electrode has a portion that extends along the 
data line as seen in plan view; and 
 a width Wd of the data line, a width Wc of the capacitor 
electrode, and a width Wm of the portion of the intermediate 
conductive layer that extends along the data line respectively satisfy 
the relationship Wd < Wc < Wm at a location along the data line. 
18. The electro-optical device according to claim 17, wherein, as seen 
in plan view, an edge portion of the pixel electrode lying along the 
data line overlaps an edge portion of the intermediate conductive 
layer. 
19. The electro-optical device according to claim 3, wherein the 
semiconductor layer is formed under the region of the data line. 
20. The electro-optical device according to claim 19, wherein the first 
contact hole is formed at a location such that the first contact hole and 
a third contact hole connecting the source region of the semiconductor 
layer and the data line are symmetric with respect to a channel region 
of the semiconductor layer. 
21. The electro-optical device according to claim 19, further 
comprising: 
 a lower light-shielding film, beneath the semiconductor 
layer, that protrudes from the scan line as seen in plan view;  
 wherein a second contact hole electrically connecting the 
intermediate conductive layer and the pixel electrode is located, as 
seen in plan view, in the region in which the lower light-shielding film 
protrudes from the scan line. 
22. An electro-optical device comprising: 
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 a thin-film transistor provided on a substrate; 
 a data line electrically connected to a source region of a 
semiconductor layer of the thin-film transistor; 
 a pixel electrode electrically connected to a drain region of 
the semiconductor layer of the thin-film transistor; 
 a light-shielding intermediate conductive layer making an 
electrical connection between the drain region of the semiconductor 
layer of the thin-film transistor and the pixel electrode; 
 a capacitor line provided along the data line and located in 
the drain region of the semiconductor layer of the thin-film transistor; 
 a light-shielding film formed from the same film as the 
intermediate conductive layer; and 
 a contact hole electrically connecting the capacitor line and 
the light-shielding film under a region of the data line. 
DETAILED DESCRIPTION OF THE INVENTION 
[0001] 
TECHNICAL FIELD PERTAINING TO THE INVENTION 
 The present invention pertains to the technical field of 
active-matrix-driven electro-optical devices, and, in particular, to the 
technical field of electro-optical devices comprising an intermediate 
conductive layer for good electrical conduction provided between a 
pixel electrode and a pixel-switching thin-film transistor (thin-film 
transistor; hereinbelow, called "TFT" where appropriate) for pixel 
switching in a layered structure on a substrate. 
[0002] 
BACKGROUND ART 
 Conventionally, in an active-matrix-driven electro-optical 
device driven by a TFT, the TFT is set to an ON state when a scan 
signal is supplied to a gate electrode of the TFT via a scan line, and an 
image signal supplied to a source region of a semiconductor layer via 
a data line is supplied to a pixel electrode via the TFT. Because this 
image signal is supplied to the pixel electrodes via their respective 
TFTs for only an extremely short time, a storage capacitor is typically 
added to each pixel electrode in order to hold the voltage of the 
supplied image signal for a much longer time than the TFT is set to 
this ON state. 
[0003] 
 Meanwhile, in electro-optical devices of this type, various 
types of conductive films that form scan lines, data lines, etc., as well 
as gate-insulating films and interlayer insulating films for electrically 
insulating these conductive films from each other, are layered between 
conductive films, such as ITO films, which form pixel electrodes, and 
semiconductor layers, which form pixel-switching TFTs, and the 
distance between these pixel electrodes and semiconductor layers is, 
for example, approximately 1,000 nm in length. Accordingly, it is 
technically difficult to electrically connect these pixel electrodes and 
semiconductor layers via single contact holes. Therefore, techniques 
have been developed wherein fintermediate conductive layers are 
provided between the interlayer insulating films and used as relays to 
electrically connect the pixel electrodes and the semiconductor layers. 
[0004] 
PROBLEMS TO BE SOLVED BY THE INVENTION 
 In electro-optical devices of this type, there is a strong 
general demand for increased display image quality; to this end, it is 
extremely important to increase the pixel aperture ratio (i.e., to 

increase the size of the aperture region of a pixel, through which 
display light passes, relative to the light-shielding region thereof, 
through which display light does not pass) while reducing pixel pitch. 
[0005] 
 Providing intermediate conductive layers as described 
above in particular not only increases the number of manufacturing 
processes, but also increases the number of layers stacked and the 
number of contact holes, thereby further complicating the layered 
structure; this results in problems such as making it more difficult to 
incorporate the storage capacitors described above, especially as the 
pixel pitch is reduced, or to ensure the regions in which the contact 
holes are to be formed. Furthermore, as the number of required 
contact holes increases due to the provision of intermediate 
conductive layers in this manner, irregularities caused by the presence 
of the contact holes form in the surfaces of the interlayer insulating 
films located thereover on the substrate, and irregularities ultimately 
form adversely in the surfaces of the pixel electrodes and alignment 
layers formed thereover. The formation of irregularities in the surfaces 
of the alignment layers in the vicinities of the pixel electrodes results 
in malfunctions caused by misalignment of liquid crystal, which is one 
example of an electro-optical material. This results in the problems of 
display defects such as reduced contrast ratio and greatly reduced 
image quality. 
[0006] 
 The present invention was conceived in view of the 
problems described above, and an object of the present invention is to 
provide an electro-optical device in which the pixel aperture ratio can 
be increased, and, moreover, irregularities on the surfaces of 
alignment layers in the vicinities of pixel electrodes are reduced, 
thereby enabling high-quality image display. 
[0007] 
MEANS FOR SOLVING THE PROBLEMS 
 (1) In order to solve the problems described above, the 
electro-optical device of the present invention comprises a thin-film 
transistor provided on a substrate, a pixel electrode electrically 
connected to a drain region of a semiconductor layer of the thin-film 
transistor, a plurality of wires provided between the semiconductor 
layer of the thin-film transistor and the pixel electrode with an 
insulating film interposed therebetween, an intermediate conductive 
layer making an electrical connection between the drain region of the 
semiconductor layer of the thin-film transistor and the pixel electrode, 
and a first contact hole electrically connecting the drain region of the 
semiconductor layer of the thin-film transistor and the intermediate 
conductive layer beneath a region of at least one wire of the plurality 
of wires. 
[0008] 
 According to the electro-optical device of the present 
invention, the drain region of the semiconductor layer and the pixel 
electrode are electrically connected via the intermediate conductive 
layer, making it possible to establish a good connection between the 
two via two comparatively small-diameter contact holes, even with a 
large film thickness therebetween. Furthermore, it is also possible to 
make the size of each of the regions in which the contact holes are 
formed small, and to increase the pixel aperture ratio. 
[0009] 
 In addition, the first contact hole is formed beneath the 
region of at least one wire, and; thus,irregular unevenness in the 
aperture region of each pixel due to the presence of the first contact 
hole does not occur. It thereby becomes possible to perform rubbing 
uniformly in the vicinities of the pixel electrodes and also to make the 
layer thickness of the electro-optical material uniform. As a result, it is 
possible to reduce the incidence of 
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malfunctions such as misalignment of liquid crystal and other electro-
optical substances. 
[0010] 
 According to the electro-optical device of the present 
invention, as described above, it is possible to increase the pixel 
aperture ratio and, moreover, to reduce a decrease in display image 
quality caused by the occurence of irregular unevenness in the surface 
of the alignment layer in the vicinities of the pixel electrodes. As a 
result, a bright, high-quality image display with a high contrast ratio 
becomes possible. 
[0011] 
 (2) One aspect of the electro-optical device of the present 
invention is characterized in that the diameter of the first contact hole 
is smaller than the diameter of a second contact hole electrically 
connecting the intermediate conductive layer and the pixel electrode. 
[0012] 
 According to this aspect, the intermediate conductive layer 
prevents over-etching when forming the second contact hole. In 
addition, making the diameter of the first contact hole smaller than the 
diameter of the second contact hole makes it possible to reduce the 
size of the non-pixel-aperture region. 
[0013] 
 (3) Another aspect of the electro-optical device of the 
present invention is characterized in that at least one wire of the 
plurality of wires is a data line electrically connected to a source 
region of the semiconductor layer of the thin-film transistor, and the 
first contact hole is located beneath a region of the data line. 
[0014] 
 According to this aspect, the first contact hole can be 
disposed in the non-pixel-aperture region, thus making it possible to 
reduce the unevenness that occurs in the surface of the alignment 
layer. 
[0015] 
 (4) In another aspect, it is preferable that the first contact 
hole be disposed in the vicinity of an intersection of the data line and 
the scan line. 
[0016] 
 According to this configuration, because it is disposed in 
the vicinity of the intersection of the data line and the scan line, it 
becomes possible to reduce the unevenness that occurs in the surface 
of the alignment layer within a comparatively large area, perform 
rubbing uniformly in the vicinities of pixel electrodes, and reduce the 
incidence of misalignment of the liquid-crystal layer. 
[0017] 
 (5) In another aspect, it is preferable that at least one wire 
of the plurality of wires forms a scan line disposed intersecting the 
data line, and that the intermediate conductive layer extends along the 
scan line from the region of the data line. 
[0018] 
 According to this configuration, the intermediate 
conductive layer extends along the scan line from the region of the 
data line, thus making it possible to form the first contact hole and the 
second contact hole in a region along the data line and the scan line, 
thereby contributing to a reduction of the pixel pitch. 
[0019] 
 (6) It is further preferable to provide a second contact hole 
electrically connecting the intermediate conductive layer and the pixel 
electrode in a portion of the intermediate conductive layer that extends 
along the scan line. 
[0020] 
 According to this configuration, a second contact hole 
having a smaller diameter than the contact hole that conventionally 
connects the drain region and the pixel electrode is disposed in the 
portion that extends along the scan line, thus making it possible to 
reduce the unevenness that occurs in the surface of the alignment layer 

while reducing an increase in the size of the non-pixel-aperture region 
in the vicinity of the scan line. 
[0021] 
 (7) It is further preferable that the second contact hole be 
located substantially centrally between adjacent data lines. 
[0022] 
 According to this configuration, the adverse effects of 
unevenness in the alignment layer over the second contact hole can be 
made left-right symmetric in each pixel, and display defects in each 
pixel can be averaged out when all pixels are viewed macroscopically. 
[0023] 
 (8) Another aspect is characterized in that the intermediate 
conductive layer extends along the data line. 
[0024] 
 According to this configuration, the region of the first 
contact hole can be covered with the intermediate conductive layer 
without increasing the size of the non-pixel-aperture region under the 
data line. 
[0025] 
 (9) Another aspect of the electro-optical device of the 
present invention is characterized in that at least one wire of the 
plurality of wires is a capacitor line extending beneath the 
intermediate conductive layer, and the capacitor line extends so as to 
avoid a region of the first contact hole. 
[0026] 
 According to this aspect, the capacitor line extends so as to 
avoid the region of the first contact hole, which has a smaller diameter 
than the contact hole conventionally connecting the drain region and 
the pixel electrode, thus making it possible to reduce the uneveness 
that occurs in the surface of the alignment layer while ensuring 
capacitor surface area. 
[0027] 
 (10) Another aspect of the electro-optical device of the 
present invention is characterized in that the depth of the first contact 
hole is less than the depth of the second contact hole between the 
intermediate conductive layer and the pixel electrode. 
[0028] 
 According to this aspect, it is possible to reduce the 
unevenness that occurs in the surface of the alignment layer in the 
region of the first contact hole. 
[0029] 
 (11) Another aspect of the electro-optical device of the 
present invention is characterized in that the intermediate conductive 
layer is at least partially disposed opposing a capacitor electrode 
formed from the same film as the scan line, with an interlayer 
insulating film interposed therebetween. 
[0030] 
 According to this aspect, the intermediate conductive layer 
is disposed opposing a capacitor electrode formed from the same film 
as the scan line, with the interlayer insulating film interposed 
therebetween, making it possible to add a storage capacitor connected 
to the pixel electrode. That is, it is possible to three-dimensionally 
construct a storage capacitor not only below the capacitor electrode, 
but also above the capacitor electrode, thereby making effective use of 
the limited light-shielding region to increase storage capacity. 
[0031] 
 (12) In another aspect, the second contact hole may be 
formed at a location overlapping the capacitor electrode as seen in 
plan view. 
[0032] 
 According to this configuration, the portion of the 
intermediate conductive layer, in terms of plan-view location, in 
which the second contact hole is formed also overlaps the capacitor 
electrode, i.e., is disposed opposing the capacitor electrode with an 
insulating film interposed therebetween, thus making it possible to 
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construct a storage capacitor also in the plan-view region in which the 
second contact hole is formed. 
[0033] 
 (13) In another aspect, the capacitor electrode, as seen in 
plan view, has a portion that extends along the scan line and a portion 
that extends along the data line from the location of an intersection 
with the data line, and the intermediate conductive layer overlaps at 
least a portion of the capacitor electrode, with an interlayer insulating 
film interposed therebetween. 
[0034] 
 According to this configuration, in a light-shielding region 
along the data line, it is possible to opposingly dispose the capacitor 
electrode and an electrode extending from the drain region of the 
semiconductor layer and to opposingly dispose the capacitor electrode 
and the intermediate conductive layer. Accordingly, it is possible to 
construct a three-dimensional storage capacitor in the light-shielding 
region along the data line as well. 
[0035] 
 (14) Another aspect of the electro-optical device of the 
present invention is characterized in that the intermediate conductive 
layer is constituted by a light-shielding conductive film. 
[0036] 
 According to this aspect, the intermediate conductive layer 
constituted by a light-shielding conductive film makes it possible to 
shield a channel region of the thin-film transistor and regions adjacent 
thereto from light. That is, generally, when light impinges a channel 
region of a semiconductor layer constituting a thin-film transistor, or 
regions adjacent to that channel region, leakage current due to 
photoexcitation is produced. This alters the characteristics of the thin-
film transistor in the OFF state. According to the present invention, by 
contrast, the intermediate conductive layer can be used to prevent such 
changes in transistor characteristics caused by such incident light. 
[0037] 
 (15) In another aspect, the intermediate conductive layer 
may be configured to define a portion of the light-shielding region. 
[0038] 
 According to this configuration, it is possible to at least 
partially eliminate the need, for example: to form a light-shielding 
film for defining a light-shielding region on an opposing substrate, 
which is an other substrate disposed opposing one substrate on which 
the pixel electrode or the like is formed; to increase the width of the 
data line in order to define the light-shielding region; or to separately 
form an integrated light-shielding film for defining the light-shielding 
region on the one substrate. That is, to the extent that a light-shielding 
film or the like to define the light-shielding region becomes at least 
partially unnecessary, it does not lead to a reduction in the 
transmittance of the electro-optical device due to misalignment of the 
two substrates when being bonded. This makes it possible to greatly 
reduce the incidence of defects in the electro-optical device. 
[0039] 
 (16) A configuration is also possible in which the 
intermediate conductive layer further includes a portion that extends 
along the data line as seen in plan view, and a portion of the light-
shielding region is defined in a direction along the data line. 
[0040] 
 According to this configuration, it is possible, in a portion 
wherein the light-shielding region is defined by the intermediate 
conductive layer along the data line, to eliminate the need to form a 
light-shielding film for defining a light-shielding region on the 
opposing substrate, increase the width of the data line in order to 
define a light-shielding region, or separately form an integrated light-
shielding filmintermediate conductive. This makes it possible to 
greatly reduce transmittance variation in the electro-optical device. 

[0041] 
 (17) A configuration is also possible in which the capacitor 
electrode further has a portion that extends along the data line as seen 
in plan view, and a width Wd of the data line, a width Wc of the 
capacitor electrode, and a width Wm of the portion of the intermediate 
conductive layer that extends along the data line satisfy the 
relationship Wd < Wc < Wm at a location along the data line. 
[0042] 
 According to this configuration, it becomes possible to 
provide two-fold shielding against incident light from the opposing 
substrate (out of the pair of substrates) using the data line and the 
intermediate conductive layer. Here, an Al (aluminum) film is 
typically used as the material of the data line for supplying an image 
signal in order to prioritize low wire resistance; however, an Al film is 
both a light-shielding film and, at the same time, a reflective film of 
extremely high reflectivity. Accordingly, when a thin-film transistor is 
light-shielded solely by a data line formed from an Al film, projected 
light or returning light that is oblique to the surface of the substrate is 
reflected by the inner surface of the data line (i.e., the surface on the 
side facing the thin-film transistor), causing multiple reflection within 
the layered structure and ultimately causing the problem in which light 
reaches the channel region or regions adjacent thereto. Nevertheless, 
according to the configuration of the present invention, the 
intermediate conductive layer provided beneath the data line is formed 
from a low-reflective, high-melting-point metal film or a polysilicon 
film, thus making it possible to adopt a configuration that attenuates 
multiply reflected light caused by internal reflection as described 
above. Meanwhile, a larger storage capacitor can be constructed using 
the capacitor electrode and the intermediate conductive layer, which 
are wider than the data line. 
[0043] 
 (18) A configuration is also possible in which, as seen in 
plan view, an edge portion of the pixel electrode lying along the data 
line overlaps an edge portion of the intermediate conductive layer. 
[0044] 
 According to such a configuration, it is possible to reduce 
the width of the data line. This makes it possible to minimize parasitic 
capacitance between the data line and the pixel electrode. It is thereby 
possible to markedly reduce a decrease in the contrast ratio, as well as 
display defects such as crosstalk and ghosting. 
[0045] 
 (19) Another aspect of the electro-optical device of the 
present invention is characterized in that the semiconductor layer is 
formed under the region of the data line. 
[0046] 
 According to this configuration, it is possible to ensure a 
region in which the semiconductor layer and the pixel electrode are 
electrically connected, as well as to reduce the pitch of non-aperture 
regions along the scan line. 
[0047] 
 (20) In addition, the first contact hole is characterized by 
being formed at a location such that the first contact hole and a third 
contact hole connecting the source region of the semiconductor layer 
and the data line are symmetric with respect to the channel region of 
the semiconductor layer. 
[0048] 
 According to this configuration, it is possible to make the 
stepped shape formed by multilayer wiring left-right symmetric with 
respect to the data line, and to eliminate differences in light leakage 
caused by the handedness of the liquid crystal. 
[0049] 
 (21) Furthermore, it is characterized by comprising a lower 
light-shielding film, beneath the semiconductor layer, that protrudes 
from the scan line as seen in plan view, wherein a second contact hole 
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electrically connecting the intermediate conductive layer and the pixel 
electrode is located, as seen in plan view, in the region in which the 
lower light-shielding film protrudes from the scan line. 
[0050] 
 According to this configuration, the semiconductor layer is 
not formed along the scan line, thus making it possible to reduce the 
pitch of non-aperture regions along the scan line and to electrically 
connect the intermediate conductive layer and the pixel electrode. 
[0051] 
 (22) Another electro-optical device of the present invention 
is characterized by comprising a thin-film transistor provided on a 
substrate, a data line electrically connected to a source region of a 
semiconductor layer of the thin-film transistor, a pixel electrode 
electrically connected to a drain region of the semiconductor layer of 
the thin-film transistor, a light-shielding intermediate conductive layer 
making an electrical connection between the drain region of the 
semiconductor layer of the thin-film transistor and the pixel electrode, 
a capacitor line provided along the data line and located in the drain 
region of the semiconductor layer of the thin-film transistor, a light-
shielding film formed from the same film as the intermediate 
conductive layer, and a contact hole electrically connecting the 
capacitor line and the light-shielding film under a region of the data 
line. 
[0052] 
 According to this aspect, the contact hole connecting the 
light-shielding film and the capacitor line is covered by the data line, 
thereby making it possible to reduce the incidence of unevenness that 
occurs in the surface of the alignment layer in the region of the contact 
hole. In addition, the light-shielding film can be formed as a capacitor 
electrode to increase capacitance. 
[0053] 
 These effects and other advantages of the present invention 
will be made apparent by the embodiments described below. 
[0054] 
MODES FOR CARRYING OUT THE INVENTION 
 Embodiments of the present invention will be described 
below with reference to the drawings. 
[0055] 
(First Embodiment) 
 The configuration of a liquid-crystal device constituting a 
first embodiment of an electro-optical device according to the present 
invention will be described with reference to FIG. 1 to FIG. 4. FIG. 1 
depicts an equivalent circuit of various elements, wires, 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 mutually adjacent pixel groups on a TFT array substrate on which 
data lines, scan lines, pixel electrodes, and the like are formed; and 
FIG. 3 is a cross-sectional view along line A-A' in FIG. 2. Note that, in 
FIG. 3, the various layers and members are scaled differently to enable 
said layers and members to be recognizable in the drawing. In 
addition, FIG. 4 includes enlarged, partial plan views of capacitor 
lines and scan lines, in which the plan-view pattern of a capacitor line 
and a scan line in the present embodiment (FIG. 4(a)) is compared 
with the plan-view pattern thereof in a comparative example (FIG. 
4(b)). 
[0056] 
 In FIG. 1, a plurality of pixels formed in a matrix 
constituting an image-display region of the electro-optical device 
according to the present embodiment form a TFT 30 for controlling a 
pixel electrode 9a, and a data line 6a, to which is supplied an image 
signal, is electrically connected to a source of the TFT 30. Image 
signals S1, S2, ..., Sn written to the data line 6a may be supplied line-

sequentially in that order, or group-by-group to a plurality of mutually 
adjacent data lines 6a. In addition, it is configured such that a scan line 
3a is electrically connected to a gate of the TFT 30, and scan signals 
G1, G2, ..., Gm are line-sequentially applied in that order to the scan 
line 3a at a prescribed timing. The pixel electrode 9a is electrically 
connected to a drain of the TFT 30, and the image signals S1, S2, ..., 
Sn supplied from the data line 6a are written at a prescribed timing by 
closing the TFT 30, which is a switching device, for a fixed interval. 
The image signals S1, S2, ..., Sn of prescribed levels written to liquid 
crystal via the pixel electrode 9a are held for a fixed interval between 
the pixel electrode 9a and a counter electrode (described below) 
formed on an opposing substrate (described below). Light can be 
modulated and gradients can be displayed by changing the orientation 
and order of the molecular assembly by the applied voltage level. The 
amount of transmitted incident light decreases according to the 
applied voltage in a normally white mode, the amount of transmitted 
incident light increases according to the applied voltage in a normally 
black mode, and light having a contrast ratio corresponding to the 
image signal is emitted from the electro-optical device overall. Here, 
to prevent leakage of the held image signal, a storage capacitor 70 is 
added, in parallel with a liquid-crystal capacitor formed between the 
pixel electrode 9a and the counter electrode, between a capacitor 
electrode electrically connected to the pixel electrode 9a and a 
capacitor electrode constituting part of a capacitor line 3b, with a 
dielectric film interposed therebetween. The voltage of the pixel 
electrode 9a is held, for example, by the storage capacitor 70 for a 
length of time three orders of magnitude longer than the length of time 
the source voltage is applied. Holding characteristics can thereby be 
further improved, and an electro-optical device having a high contrast 
ratio can be realized. 
[0057] 
 In FIG. 2, a plurality of the transparent pixel electrodes 9a 
(outlined by dotted lines 9a') is provided in a matrix on the TFT-array 
substrate of the electro-optical device, and the data lines 6a, the scan 
lines 3a, and the capacitor lines 3b are respectively provided along the 
vertical and horizontal boundaries of the pixel electrodes 9a. Using 
first intermediate conductive layers 80, which are one example of 
intermediate conductive layers, as relays, the pixel electrodes 9a are 
electrically connected to drain regions (described below) of 
semiconductor layers 1a via first contact holes 8a and second contact 
holes 8b. The data lines 6a are electrically connected to source regions 
(described below) of the semiconductor layers 1a, which are 
constituted by polysilicon films or the like, via third contact holes 5. 
In addition, the scan lines 3a are disposed so as to oppose channel 
regions 1a' (the regions indicated by the rightward-descending 
diagonal lines in the drawing) of the semiconductor layers 1a, and the 
scan lines 3a function as gate electrodes. In this manner, the TFT 30, 
in which the scan line 3a is disposed opposing the channel region 1a' 
as a gate electrode is provided at each intersection between the scan 
line 3a and the data line 6a. The capacitor lines 3b are formed from the 
same film as the scan lines 3a and comprise portions that extend 
substantially linearly in parallel with the scan lines 3a, and portions 
that extend, along the data lines 6a, from the intersections of the scan 
lines 3a with the data lines 
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6a to the vicinities of third contact holes 5 associated with adjacent 
pixels. 
[0058] 
 In FIG. 2, the regions indicated by thick lines are first 
light-shielding films 11a disposed at least beneath the semiconductor 
layers 1a of the TFTs 30. More specifically, in FIG. 2, each of the first 
light-shielding films 11a is formed in a stripe shape along the scan line 
3a, the location at which the first light-shielding films 11a intersects 
the data line 6a is formed downward at a wide portion in the drawing, 
and the channel region 1a' of the TFT and the adjacent regions thereof 
are provided at a location at which they are covered by that wide 
portion, viewed from the TFT-array substrate side. Note that, as shown 
in the present embodiment, the first light-shielding films 11a may be 
formed extending in stripe shapes downward of the scan lines 3a in 
directions along the scan lines 3a or may be formed extending in stripe 
shapes downward of the data lines 6a in directions along the data lines 
6a. Alternatively, they may be formed extending in a lattice shape 
downward of and along the scan lines 3a and the data lines 6a, 
respectively. In addition, the first light-shielding films 11a may also be 
extended outside the image-display region formed by the plurality of 
pixel electrodes 9a formed in a matrix shape, and be electrically 
connected to an optimal constant potential among constant-potential 
sources, such as: a negative power supply or a positive power supply 
supplied to scan-line drive circuits, data-line drive circuits, and other 
peripheral circuits for driving the electro-optical device; a grounded 
power supply; and a constant-potential source supplied to the counter 
electrode. Malfunctioning of the TFTs 30 can be prevented by fixing 
the first light-shielding films 11a at a constant potential in this manner. 
[0059] 
 In particular, in the present embodiment, the first contact 
holes 8a electrically connecting drain regions 1e and the first 
intermediate conductive layers 80 are provided under the data lines 6a, 
and the second contact holes 8b electrically connecting the first 
intermediate conductive layers 80 and the pixel electrodes 9a are 
provided over the capacitor lines 3b in the vicinity of the center 
between mutually adjacent data lines 6a. In addition, island-shaped 
second intermediate conductive layers 180 formed from the same film 
as the first intermediate conductive layers 80 are formed along the 
data lines 6a. The second intermediate conductive layers 180 overlap 
portions of the capacitor lines 3b that extend along the data lines 6a, 
and the second intermediate conductive layers 180 and the capacitor 
lines 3b are electrically connected to each other by contact holes 18a 
provided beneath the data lines 6a. In addition, the capacitor lines 3b 
are formed in light-shielding regions intersecting the data lines 6a in 
regions beneath the data lines 6a in which the first contact holes 8a are 
formed, and are necked down so as to avoid the first contact holes 
8a;the capacitor lines 3b are thereby configured so as not to be in 
electrical contact with the first contact holes 8a. 
[0060] 
 In addition, as shown in FIG. 2 and the cross-sectional 
view in FIG. 3, the channel regions 1a' are disposed in correspondence 
with the intersecting regions of the scan lines 3a and the data lines 6a. 
In addition, a high-density source region 1d, a low-density source 
region 1b, the channel region 1a', a low-density drain region 1c, and 
the high-density drain region 1e formed from the semiconductor layer 
1a are disposed so as to overlap the data line 6a and moreover so as to 
be covered by the data line. Furthermore, of the high-density source 
region 1d, the low-density source region 1b, the channel region 1a', 

the low-density drain region 1c, and the high-density drain region 1e, 
the high-density source region 1d and the low-density source region 
1b are disposed downward of the data line 6a extending to one side of 
the scan line 3a, and the low-density drain region 1c and the high-
density drain region 1e are disposed downward of the data line 6a 
extending to the other side of the scan line 3a, thus sandwiching the 
scan line 3a. Furthermore, the high-density drain region 1e is 
electrically connected to the first intermediate conductive layer 80 via 
the first contact hole 8a, the first intermediate conductive layer 80 is 
connected to the pixel electrode 9a via the second contact hole 8b, and 
the high-density source region 1d is electrically connected to the data 
line 6a via the third contact hole 5. Thus, the first contact hole 8a and 
the third contact hole 5 are formed overlapping the data line 6a, which 
is a non-display region, thereby making it possible to prevent a 
reduction in the aperture ratio caused by the contact holes. In addition, 
it is possible to prevent the occurrence of irregular unevenness in the 
aperture regions of the pixels caused by the presence of the contact 
holes. Furthermore, because the semiconductor layer is disposed 
overlapping the data line 6a, the data line functions as a light-shielding 
film, making it possible to prevent the penetration of light to the 
semiconductor layer. 
[0061] 
 Next, as shown in the cross-sectional view of FIG. 3, the 
electro-optical device comprises a transparent TFT-array substrate 10 
constituting an example of a substrate, and a transparent opposing 
substrate 20 disposed opposing the same. The TFT-array substrate 10 
is constituted by, for example, a quartz substrate, a glass substrate, or a 
silicon substrate, and the opposing substrate 20 is composed of, for 
example, a glass substrate or a quartz substrate. The pixel electrodes 
9a are provided on the TFT-array substrate 10, and an alignment layer 
16 that has been subjected to a prescribed alignment process, such as 
rubbing, is provided thereabove. The pixel electrodes 9a are 
constituted by, for example, transparent conductive films such as ITO 
(indium tin oxide) films. In addition, the alignment layer 16 is 
constituted by, for example, an organic film such as a polyimide film. 
[0062] 
 On the other hand, a counter electrode 21 is provided over 
the entire surface of the opposing substrate 20, and an alignment layer 
22 that has been subjected to a prescribed alignment process, such as 
rubbing, is provided therebelow. The counter electrode 21 is 
constituted by, for example, a transparent conductive film such as an 
ITO film. In addition, the alignment layer 22 is constituted by an 
organic film such as a polyimide film. 
[0063] 
 The pixel-switching TFT 30 for performing switching 
control of the pixel electrode 9a is provided on the TFT-array substrate 
10 at a location adjacent to the pixel electrode 9a. 
[0064] 
 As further shown in FIG. 3, a second light-shielding film 
23 is provided on the opposing substrate 20 in the light-shielding 
region of each pixel. As will be described in detail below, owing to the 
second light-shielding film 23 and the like, incident light does not 
penetrate from the opposing substrate 20 side into the channel region 
1a' of the semiconductor layer 1a of the pixel-switching TFT 30 nor 
into the regions adjacent to the channel region 1a', including the low-
density source region 1b and the low-density drain region 1c. 
Furthermore, the second light-shielding film 23 has functions such as 
improving the contrast ratio and preventing color mixing of colorants 
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when a color filter is formed. 
[0065] 
 Liquid crystal, which is an example of an electro-optical 
material, is sealed into a space enclosed by a sealing material 
(described below) between the TFT-array substrate 10 and the 
opposing substrate 20, which are configured as described above and 
disposed so that the pixel electrodes 9a and the counter electrode 21 
face each other, thereby forming a liquid-crystal layer 50. The 
alignment layers 16 and 22 cause the liquid-crystal layer 50 to take on 
a prescribed alignment state when electric fields are not being applied 
thereto by the pixel electrodes 9a. The liquid-crystal layer 50 is 
composed of, for example, one type or a mixture of multiple types of 
nematic liquid crystal. The sealing material is, for example, an 
adhesive composed of a photosetting resin or a thermosetting resin for 
bonding the TFT-array substrate 10 and the opposing substrate 20 to 
each other at the peripheries thereof, and a gap material such as glass 
fibers or glass beads for keeping a prescribed distance between the 
substrates is mixed therein. 
[0066] 
 As further shown in FIG. 3, the first light-shielding film 
11a is provided between the TFT-array substrate 10 and the pixel-
switching TFT 30 at a location opposing the pixel-switching TFT 30. 
The first light-shielding film 11a is preferably constituted by a single 
metal, an alloy, a metal silicide, or the like containing at least one of Ti 
(titanium), Cr (chromium), W (tungsten), Ta (tantalum), Mo 
(molybdenum), and Pb (lead), which are opaque refractory metals. By 
forming the first light-shielding film 11a from a material of this sort, it 
is possible to keep the first light-shielding film 11a from breaking or 
melting during high-temperature processes in the process of forming 
the pixel-switching TFT 30. The formation of the first light-shielding 
film 11a makes it possible to prevent reflected light from the TFT-
array substrate 10 from impinging the channel region 1a', the low-
density source region 1b, and the low-density drain region 1c of the 
pixel-switching TFT 30, which are easily excited by light;thus, 
changes in the characteristics of the pixel-switching TFT 30 caused by 
the generation of light-induced leakage current do not occur. 
[0067] 
 Furthermore, a base insulating film 12 is provided between 
the first light-shielding film 11a and the plurality of pixel-switching 
TFTs 30. The base insulating film 12 is provided to electrically 
insulate the semiconductor layer 1a constituting the pixel-switching 
TFT 30 from the first light-shielding film 11a. Furthermore, the base 
insulating film 12 also functions as a base film for the pixel-switching 
TFT 30 as a result of being formed over the entire surface of the TFT-
array substrate 10. That is, it functions to prevent roughening of the 
surface of the TFT-array substrate 10 during polishing, and 
degradation of the characteristics of the pixel-switching TFT 30 by 
residual contaminants after cleaning. The base insulating film 12 is 
constituted by, for example, highly insulative glass, such as NSG 
(non-doped silicate glass), PSG (phosphosilicate glass), BSG 
(borosilicate glass), and BPSG (borophosphosilicate glass); a silicon 
oxide film; a silicon nitride film; or the like. The base insulating film 
12 also makes it possible to prevent contamination of the pixel-
switching TFT 30 and the like by the first light-shielding film 11a. 

[0068] 
 As shown in FIG. 2 and FIG. 3, the capacitor line 3b, 
which is formed from the same conductive polysilicon film as the scan 
line 3a, has a portion on its underside that is disposed opposing the 
first capacitor electrode 1f, which extends from the drain region 1e of 
the semiconductor layer 1a, with an insulating thin film 2 interposed 
therebetween, and functions as a second capacitor electrode. The 
insulating thin film 2, which includes a gate-insulating film 
constituting the TFT 30, can thus be used to form the large storage 
capacitor 70. Furthermore, a portion of the capacitor line 3b is 
disposed opposing a portion of the first intermediate conductive layer 
80 thereabove, with a first interlayer insulating film 81 interposed 
therebetween. By making the first interlayer insulating film 81 a thin 
film, an even larger storage capacitor 70 can be formed. In this way, it 
is possible to three-dimensionally construct the storage capacitor 70 
not only below the capacitor line 3b, but also above the capacitor line 
3b, thereby making effective use of the limited light-shielding region 
to increase the size of the storage capacitor 70. 
[0069] 
 Note that, in the present embodiment, the second capacitor 
electrode formed from the same film as the scan line 3b is extended to 
form the capacitor line 3b; this aspect advantageously eliminates the 
need for a dedicated wire, thus avoiding additional process steps. If 
the capacitor line 3b cannot be formed from the same film as the scan 
line 3b, the second capacitor electrode may be formed in an island 
shape for each pixel, and for example, the first light-shielding film 11a 
supplying a constant potential thereto may substitute as a wire for 
forming a storage capacitor. In this situation, the first light-shielding 
film 11a and the second capacitor electrode may be electrically 
connected to each pixel. The optimal constant potential from among: a 
constant-potential source, such as a negative power supply or a 
positive power supply supplied to peripheral circuits (for example, 
scan-line drive circuits and data-line drive circuits) for driving the 
electro-optical device; a grounded power supply; and a constant-
potential source supplied to the counter electrode; is supplied to the 
second capacitor electrode, thus making it possible to construct the 
stable storage capacitor 70 between the first capacitor electrode 1f and 
the intermediate conductive layer 80. 
[0070] 
 In the present embodiment, as particularly shown in FIG. 2 
and FIG. 3, the first contact hole 8a is formed at a location 
overlapping the data line 6a as seen in plan view. Accordingly, despite 
the presence of the first contact hole 8a, which connects the 
semiconductor layer 1a and the first intermediate conductive layer 80 
respectively located below and above the conductive polysilicon film 
constituting the scan line 3a and the capacitor line 3b, the light-
shielding region spreading along the data line 6a can be utilized to 
facilitate routing the scan line 3a and the capacitor line 3b around the 
first contact hole 8a. This aspect is shown in magnified form in FIG. 
4(a). 
[0071] 
 If a first contact hole 8a' were formed in a region in which 
a scan line 3a' portion and a capacitor line 3b' portion not overlapping 
a data line 6a' are disposed in parallel, as in the comparative example 
shown in FIG. 4(b), it would be necessary to neck down the capacitor 
line 3b' or the scan line 3a' around the first contact hole 8a' so as to 
avoid the first contact hole 8a'. However, if the neck portion is too 
large, the wire width of the capacitor line 3b' or the scan line 3a' will 
be narrowed locally, and thereby wire resistance would become large. 
Thereby, display defects such as signal delay and crosstalk will 
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adversely occur. Consequently, a width W' of the light-shielding 
region in the direction of the scan line 3a becomes larger than a width 
W of the light-shielding region in the direction of the scan line 3a' in 
the present embodiment shown in FIG. 4(a) (i.e., W' > W). That is, in 
the present embodiment, compared to the comparative example, the 
aperture region of each pixel can be increased to the extent that the 
width W of the light-shielding region in the direction of the scan line 
3a can be reduced. 
[0072] 
 In addition, providing the first contact hole 8a at the 
intersection of the light-shielding region in the direction of the data 
line 6a and the light-shielding region in the direction of the scan line 
3a, as shown in FIG. 4(a), makes it possible to reduce the irregular 
unevenness that occurs thereabove (on the surface of the alignment 
layer 16) due to the presence of the first contact hole 8a and the 
presence of the capacitor line 3b routed so as to avoid the same. In 
addition, it is also spaced apart from the aperture region of the pixel. 
Consequently, the effects of irregular unevenness that occurs due to 
the formation of the first contact hole 8a can be efficiently reduced. If 
unevenness in the surface of the alignment layer 16 in the vicinity of 
the pixel electrode 9a is reduced in this way, rubbing can be performed 
uniformly in the vicinity of the pixel electrode 9a, and the layer 
thickness of the liquid-crystal layer 50 can be made uniform. As a 
result, it is possible to reduce misalignment of the liquid-crystal layer 
50. 
[0073] 
 Furthermore, the surface area of the second capacitor 
electrode disposed opposing the first capacitor electrode 1f can be 
increased to the extent that the portion of the capacitor line 3b 
extending along the scan line 3a is not necked down to avoid the first 
contact hole 8a, and the size of the storage capacitor 70 constructible 
by the second capacitor electrode and the first capacitor electrode 1f 
can be increased. 
[0074] 
 In addition, in the present embodiment, as shown in FIG. 2, 
the second contact hole 8b is formed substantially at the center 
between two mutually adjacent data lines 6a in the light-shielding 
region of each pixel along the scan line 3a as seen in plan view. 
Consequently, unevenness in the alignment layer 16 over the second 
contact hole 8b can be disposed substantially in the vicinity of the 
center of the light-shielding region along one side of the aperture 
region of each pixel. Thereby, the adverse effects of unevenness in the 
surface of the alignment layer 16 over the second contact hole 8b can 
be made left-right symmetric in each pixel, and display defects in each 
pixel can be averaged out when all pixels are viewed macroscopically. 
[0075] 
 Thus, there is a higher degree of freedom in the location at 
which the second contact hole 8b is formed in the present 
embodiment, and the second contact hole 8b can be formed at any 
location as long as it is in a region above the first intermediate 
conductive layer 80 that does not overlap the data line 6a. 
[0076] 
 Therefore, forming the second contact hole 8b at a location 
overlapping the capacitor line 3b in the present embodiment 
advantageously makes it possible to construct the storage capacitor 70 
in the planar region in which the second contact hole 8b is formed. 
[0077] 
 Note that the insulating thin film 2, which serves as one 
dielectric film in the storage capacitor 70, is nothing other than a gate-
insulating film of the TFT 30 formed on the polysilicon film via high-

temperature oxidation or the like, and therefore can be a thin 
insulating film having a high withstand voltage, and the first interlayer 
insulating film 81, which serves as another dielectric film, can be 
formed thin like the insulating thin film 2. Accordingly, it is possible 
to construct a high-capacity storage capacitor 70 in a much smaller 
region by thinly forming these dielectric films. 
[0078] 
 Thus, it is possible, according to the electro-optical device 
of the present embodiment, to increase the pixel aperture ratio and, at 
the same time, to increase the size of the storage capacitor 70, as well 
as to reduce a decrease in display image quality due to the occurrence 
of irregular unevenness in the surface of the alignment layer 16 in the 
vicinity of the pixel electrode 9a. As a result, a bright, high-quality 
image display with a high contrast ratio and a reduced incidence of 
display defects, such as flickering, ghosting, and crosstalk, become 
possible. 
[0079] 
 Once again turning to FIG. 3, the pixel-switching TFT 30 
has an LDD (lightly doped drain) structure, and comprises: the scan 
line 3a; the channel region 1a' of the semiconductor layer 1a in which 
a channel is formed by the electric field from the scan line 3a; the 
insulating thin film 2, which insulates the scan line 3a and the 
semiconductor layer 1a; the data line 6a; the low-density source region 
1b and the low-density drain region 1c of the semiconductor layer 1a; 
and the high-density source region 1d and the high-density drain 
region 1e of the semiconductor layer 1a. A corresponding one of the 
plurality of pixel electrodes 9a is connected to the high-density drain 
region 1e using the first intermediate conductive layer 80 as a relay. In 
the present embodiment, the data line 6a in particular is constituted by 
a light-shielding and conductive thin film, such as a low-resistance 
metal film made of Al or the like, an alloy film made of a metal 
silicide or the like, etc. 
[0080] 
 The third contact hole 5 leading to the high-density source 
region 1d and the first contact hole 8a leading to the high-density 
drain region 1e are respectively formed on the first interlayer 
insulating film 81 provided over the scan line 3a and the capacitor line 
3b. 
[0081] 
 The first intermediate conductive layers 80 connected to 
the high-density drain region 1e via the first contact hole 8a and the 
second intermediate conductive layer 180 connected to the capacitor 
line 3b via the contact hole 18a are formed on the first interlayer 
insulating film 81. 
[0082] 
 A second interlayer insulating film 4 is formed on the first 
intermediate conductive layer 80. The data line 6a is formed on the 
second interlayer insulating film 4, and the data line 6a is electrically 
connected to the high-density drain region 1d via the third contact 
hole 5 formed in the second interlayer insulating film 4. 
[0083] 
 Furthermore, a third interlayer insulating film 7, in which 
is formed the second contact hole 8b leading to the first intermediate 
conductive layer 80, is formed over the data line 6a and the second 
interlayer insulating film 4. The pixel electrode 9a is electrically 
connected to the first intermediate conductive layer 80 via the second 
contact hole 8b. The pixel electrode 9a is provided on the upper 
surface of the third interlayer insulating film 7 thus configured. 
[0084] 
 The pixel-switching TFT 30 preferably has an LDD 
structure as described above but may have an offset structure in which 
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impurities are not implanted into the low-density source region 1b and 
the low-density drain region 1c, or may be a self-aligned TFT in 
which impurities are implanted at high densities using the gate 
electrode, which is a portion of the scan line 3a, as a mask, and in 
which the high-density source region 1d and the high-density drain 
region 1e are formed in a self-aligned manner. 
[0085] 
 In addition, the present embodiment has a single-gate 
structure in which only one gate electrode constituted by a portion of 
the scan line 3a of the pixel-switching TFT 30 is disposed between the 
high-density source region 1d and the high-density drain region 1e, 
but two or more gate electrodes may also be disposed therebetween. 
Configuring the TFT to be dual-gate, triple-gate, or more in this 
manner makes it possible to prevent leakage current at the junctions 
between the channel and the source and between the channel and the 
drain region, and to reduce the current when the TFT is off. Providing 
at least one of these gate electrodes in an LDD structure or an offset 
structure makes it possible to further reduce the off current and to 
obtain a stable switching device. 
[0086] 
 Next, the first intermediate conductive layer 80 will be 
further described. 
[0087] 
 As shown in FIG. 2 and FIG. 3, the first intermediate 
conductive layer 80 is interposed between the semiconductor layer 1a 
and the pixel electrode 9a and electrically connects the high-density 
drain region 1e and the pixel electrode 9a via the first contact hole 8a 
and the second contact hole 8b. 
[0088] 
 Consequently, the respective diameters of the first contact 
hole 8a and the second contact hole 8b can be made smaller than if a 
single contact hole were formed from the pixel electrode 9a to the 
semiconductor layer 1a. That is, if etching selectivity is low when 
forming one contact hole, etching accuracy decreases as the depth of 
the formed contact hole increases; consequently, to prevent over-
etching of the extremely thin semiconductor layer 1a of, for example, 
approximately 50 nm, the process must be set up so that dry etching, 
which is capable of forming small-diameter contact holes, is stopped 
part way through, and the final formation of the hole through to the 
semiconductor layer 1a is performed via wet etching. Alternatively, 
the need to separately provide a film for preventing dry-etching-
induced over-etching adversely arises. 
[0089] 
 In the present embodiment, in contrast, the pixel electrode 
9a and the high-density drain region 1e need only be connected by the 
first contact hole 8a and second contact hole 8b, which are disposed in 
a straight line, making it possible to form the first contact hole 8a and 
the second contact hole 8b by dry etching. Alternatively, at least wet 
etching can be used to shorten the distance at which they are formed. 
However, wet etching may be deliberately performed after dry etching 
to impart some taper to the first contact hole 8a and the second contact 
hole 8b. According to the present embodiment, as described above, the 
respective diameters of the first contact hole 8a and the second contact 

hole 8b can be made small, and only small depressions or unevenness 
is formed on the surface of the first intermediate conductive layer 80 
at the first contact hole 8a, thereby promoting planarization of the 
portion of the pixel electrode 9a located thereabove. Furthermore, 
only small depressions or unevenness is formed on the surface of the 
pixel electrode 9a at the second contact hole 8b, thereby promoting 
planarization of this portion of the pixel electrode 9a. In the present 
embodiment, furthermore, the diameter of the second contact hole 8b 
can be further reduced by forming the first interlayer insulating film 
81 thinly in this manner. 
[0090] 
 Examples of specific materials for the first intermediate 
conductive layer 80 include a single metal, an alloy, a metal silicide, 
or the like including at least one of the opaque refractory metals Ti, 
Cr, W, Ta, Mo, Pb, and the like, as, for example, in the first light-
shielding film 11a. If it is constituted by these, there will be no 
corrosion of the refractory metal even if the refractory metal and the 
ITO film constituting the pixel electrode 9a contact each other, thus 
establishing a good electrical connection between the first 
intermediate conductive layer 80 and the pixel electrode 9a via the 
second contact hole 8b. However, the first intermediate conductive 
layer 80 may also be constituted by a conductive polysilicon film. In 
this situation as well, it will be capable of sufficiently demonstrating 
relay functionality and the function of increasing the storage capacitor 
70. In this situation in particular, the generation of thermal and other 
stresses between it and the first interlayer insulating film 81 will tend 
not to occur, which is useful for preventing cracks. 
[0091] 
 In addition, the film thickness of the first intermediate 
conductive layer 80 is preferably, for example, approximately 50 nm 
or more and 500 nm or less. This is because the possibility of over-
etching when forming the second contact hole 8b during the 
manufacturing process will decrease if the film thickness of the first 
intermediate conductive layer 80 is approximately 50 nm, and 
unevenness in the surface of the pixel electrode 9a does not become a 
problem or is comparatively easily planarizable if it is approximately 
500 nm. However, if the first intermediate conductive layer 80 is 
constituted by a high-refractory metal film or a film of an alloy 
thereof, there is practically no possibility of dry-etching-induced over-
etching, as described above, because etching selectivity will differ 
greatly between the metal film and the interlayer insulating film. 
[0092] 
 In the present embodiment, in addition to the foregoing, 
the first intermediate conductive layer 80 and the second intermediate 
conductive layer 180 in particular are constituted by high-refractory 
metal films, which are light-shielding conductive films. Accordingly, 
it is possible to shield the channel region 1a' of the TFT 30 and 
regions adjacent thereto from light using not only the second light-
shielding film 23 on the opposing substrate 20 and the data line 6a on 
the TFT-array substrate 10 but also the first intermediate conductive 
layer 80 and the second intermediate conductive layer 180. Thereby, it 
is possible to prevent changes in transistor characteristics even when 
there is strong incident light from the opposing substrate 20 side. 
Consequently, the electro-optical device of the present embodiment is 
effective when there is strong incident light such as in, for example, 
projector light valve applications. 
[0093] 
 Furthermore, in the present embodiment, because the light-
shielding first intermediate conductive layer 80 and the second 
intermediate conductive layer 180 are configured to be wide in this 
manner so as to define a portion of the aperture region of each pixel, 
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in the light-shielding regions in which these are present, there is no 
need to form the second light-shielding film 23 on the opposing 
substrate 20 or to form the data line 6b with increased width in order 
to define the aperture regions. 
[0094] 
 Here, in particular, as shown in FIG. 2, the data line 6a, the 
capacitor line 3b, and the second intermediate conductive layer 180 
are laid out in plan view so that width Wd of the data line 6a, width 
Wc of a protruding portion of the capacitor line 3b, and width Wm of 
the second intermediate conductive layer 180 satisfy the relationship 
Wd < Wc < Wm in the light-shielding region of each pixel along the 
data line 6a. Accordingly, it is possible to provide two-fold shielding 
against incident light from the opposing substrate 20 side using the 
data line 6a and the second intermediate conductive layer 180 on the 
TFT-array substrate 10. If the TFT 30 were shielded from light solely 
by the data line 6a, which is formed from a highly reflective Al film, 
then projected light or returning light oblique to the substrate surface 
would be internally reflected by the data line 6a, ultimately arriving 
adversely at the channel region 1a' or regions adjacent thereto as 
multiply reflected light. Nevertheless, in the present embodiment, 
multiply reflected light resulting from internal reflection as described 
above can be attenuated by forming the first intermediate conductive 
layer 80 and the second intermediate conductive layer 180 from a low-
reflectivity refractive metal film or from a polysilicon film, and by 
forming the second intermediate conductive layer 180 so as to be 
wider than the data line 6a (Wd < Wm). Accordingly, the 
configuration of the present embodiment is highly beneficial in 
applications in which there is strong incident or reflected light, such as 
projector light valve applications. 
[0095] 
 Furthermore, in the present embodiment, in particular an 
edge portion of the pixel electrode 9a along the data line 6a overlaps 
an edge portion of the second intermediate conductive layer 180, and 
an edge portion of the pixel electrode 9a along the data line 6a 
substantially does not overlap an edge portion of the data line 6a, as 
seen in plan view. Thus, by defining the light-shielding region of the 
second intermediate conductive layer 180 such that the data line 6a 
and the pixel electrode 9a do not overlap as much as possible in this 
manner, it is possible to greatly reduce parasitic capacitance between 
the source and the drain. It is thereby possible to realize a high-quality 
electro-optical device in which a decrease in the contrast ratio and the 
occurrence of display defects, such as crosstalk and ghosting, are 
curtailed. 
[0096] 
 Note that, in the present embodiment, the second interlayer 
insulating film 4 between the data line 6a and the second intermediate 
conductive layer 180 is preferably formed so that the film thickness 
thereof is 500–2,000 nm. In addition to such a film thickness 
requirement, the second intermediate conductive layer 180 is 
connected to the capacitor line 3b via the contact hole 18a, making it 
possible to reduce parasitic capacitance between the data line 6a and 
the second intermediate conductive layer 180 to practically negligible. 
Note that more specific film thicknesses may be determined 
individually and specifically through experimentation, theoretical 
calculation, simulation, and the like according to the required image 
quality and device specifications. 
[0097] 
 In the embodiment described above, the first light-
shielding film 11a is preferably drawn into a peripheral region on the 
TFT-array substrate 1 and connected to a constant potential line. By 
adopting such a configuration, the first light-shielding film 11a can be 
fixed at a 

constant potential, and the characteristics of the TFT 30 formed over 
the first light-shielding film 11a with the base insulating film 12 
interposed therebetween are not changed by fluctuations in the 
potential of the first light-shielding film 11a. In this situation, 
examples of constant-potential sources include: a constant-potential 
source such as a negative power supply or a positive power supply 
supplied to peripheral circuits such as scan-line drive circuits and 
data-line drive circuits for driving the electro-optical device; a 
grounded power supply; a constant-potential source supplied to the 
counter electrode 21; and the like. The capacitor line 3a and the first 
light-shielding film 11a may be electrically connected. By adopting 
such a configuration, the wiring for forming the storage capacitor can 
be advantageously formed with a redundant structure. 
[0098] 
(Electro-Optical-Device Manufacturing Process) 
 Next, a manufacturing process of the electro-optical device 
according to the first embodiment having the configuration described 
above will be described with reference to FIG. 5 and FIG. 6. Here, 
FIG. 5 and FIG. 6 are process diagrams sequentially illustrating the 
layers on the TFT-array substrate side in each process in 
correspondence with the cross-sectional view along line A-A' in FIG. 
2, as in FIG. 3. 
[0099] 
 First, the TFT-array substrate 10, which is made of a quartz 
substrate, a glass substrate, or a silicon substrate, is prepared, as 
shown in process (1) in FIG. 5. Here, thermal treatment is performed 
in an inert gas atmosphere, preferably N2 (nitrogen) or the like, at a 
high temperature of approximately 900°C–1,300°C, and pretreatment 
is performed in advance to reduce stress generated in the TFT-array 
substrate 10 in a subsequently performed high-temperature process. 
That is, the TFT-array substrate 10 is thermally treated at the same 
temperature or a higher temperature in advance according to the 
maximum temperature at which high-temperature treatment is 
performed in the manufacturing process. Furthermore, the first light-
shielding film 11a is then formed by sputtering a film of a metal, such 
as Ti, Cr, W, Ta, Mo, or Pb, or a metal alloy such as a metal silicide, 
onto the entire surface of the TFT-array substrate 10, which has been 
thus treated, to form a light-shielding conductive film having a film 
thickness of approximately 100–500 nm, and preferably 
approximately 200 nm, followed by photolithography and etching. 
Note that an anti-reflective film, such as a polysilicon film, may be 
formed on the first light-shielding film 11a to mitigate surface 
reflection. 
[0100] 
 Next, as shown in process (2) in FIG. 5, the base insulating 
film 12 constituted by a silicate glass film of NSG, PSG, BSG, BPSG, 
or the like, or a silicon nitride film, a silicon oxide film, or the like is 
formed on the first light-shielding film 11a by, for example, normal-
pressure or low-pressure CVD using TEOS (tetraethyl orthosilicate) 
gas, TEB (tetraethyl borane) gas, TMOP (tetramethyl oxyphosphate) 
gas, or the like. The film thickness of the base insulating film 12 is, for 
example, approximately 500 m to 2,000 nm. 
[0101] 
 Next, as shown in process (3) in FIG. 5, an amorphous 
silicon film is formed on the base insulating film 12 by low-pressure 
CVD (CVD performed at a pressure of, for example, approximately 
20–40 Pa) using a monosilane gas, a disilane gas, or the like at a flow 
rate of approximately 400–600 cc/min in a comparatively low-
temperature environment of approximately 450°C–550°C, preferably 
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approximately 500°C, after which the amorphous silicon film is solid-
phase grown to a thickness of approximately 50–200 nm, preferably 
approximately 100 nm, by thermally treating the amorphous silicon 
film at approximately 600°C–700°C in a nitrogen atmosphere for 
approximately 1–10 hours, preferably 4–6 hours, thereby forming a 
polysilicon film. Thermal treatment using RTA (rapid-thermal anneal) 
or laser annealing using an excimer laser or the like may be used as 
the method for effecting solid-phase growth. 
[0102] 
 At this time, if an n-channel pixel-switching TFT 30 is 
fabricated as the pixel-switching TFT 30, then the channel region 
thereof may be doped with trace amounts of an impurity constituted 
by a group-V element, such as Sb (antimony), As (arsenic), or P 
(phosphorus), by ion implantation or the like. In addition, if the pixel-
switching TFT 30 is a p-channel type, doping with trace amounts of an 
impurity constituted by a group-III element, such as B (boron), Ga 
(gallium), or In (indium), may be performed by ion implantation or 
the like. Note that the polysilicon film 1 may also be directly formed 
by low-pressure CVD or the like without an intermediate amorphous 
silicon film. Alternatively, silicon ions may be implanted into a 
polysilicon film deposited by a low-pressure CVD method or the like 
to amorphize the film, followed by recrystallizing by a subsequent 
heat treatment or the like to form the polysilicon film 1. 
[0103] 
 Next, as shown in process (4) in FIG. 5, the semiconductor 
layer 1a constituting the pixel-switching TFT 30 is thermally oxidized 
at a temperature of approximately 900°C–1,300°C, preferably 
approximately 1,000°C, to form the insulating thin film 2 having a 
single-layer structure constituted by a relatively thin thermally 
oxidized silicon film approximately 20–150 nm thick. However, such 
a thin thermal silicon oxide film having a thickness of 30 nm or less 
may be formed, after which a comparatively thin insulating thin film 
constituted by a high-temperature silicon oxide film (HTO film) or a 
silicon nitride film approximately 50 nm thick may be deposited by 
low-pressure CVD or the like to form an insulating thin film 2 having 
a multilayer structure including the thermal silicon oxide film and the 
insulating thin film. Making a multilayer structure in this manner 
shortens the high-temperature thermal oxidation time, thereby making 
it possible to prevent thermal-induced warping, especially when using 
a large substrate 8 inches or larger. 
[0104] 
 As a result, the thickness of the semiconductor layer 1a 
will be approximately 30–150 nm thick, and preferably approximately 
35–50 nm thick, and the thickness of the insulating thin film 2 will be 
approximately 20–150 nm thick, and preferably approximately 30–
100 nm thick. 
[0105] 
 Next, as shown in process (5) in FIG. 5, a resist layer 500 
may be formed on the semiconductor layer 1a, except for the portion 
that will become the first capacitor electrode 1f, by a photolithography 
process, an etching process, or the like, then doped with, for example, 
P ions at a dosage of approximately 3 × 1012/cm2 to reduce the 
resistance of the first capacitor electrode 1f. 
[0106] 
 Next, as shown in process (6) in FIG. 6, the capacitor line 
3b is first formed along with the scan line 3a by a photolithographic 
process, an etching process, or the like using a 

resist mask. Furthermore, if the pixel-switching TFT 30 is an n-
channel TFT having an LDD structure, doping with an impurity 
constituted by a group V element, such as P, is performed at a low 
concentration (e.g., a P ion dosage of 1–3 × 1013/cm2) using a gate 
electrode that is a portion of the scan line 3a as a mask in order to first 
form the low-density source region 1b and the low-density drain 
region 1c in the semiconductor layer 1a. Thereby, the semiconductor 
layer 1a under the scan line 3a becomes the channel region 1a'. 
[0107] 
 Next, as shown in process (7) in FIG. 6, a resist layer 600 
is formed on the scan line 3a using a mask wider than the scan line 3a, 
then likewise doped with an impurity constituted by a group V 
element, such as P, at a high concentration (e.g., a P ion dosage of 1–
3 × 1015/cm2) in order to form the high-density source region 1d and 
the high-density drain region 1e constituting the pixel-switching TFT 
30. In addition, if the pixel-switching TFT 30 is made a p-channel 
type, the semiconductor layer 1a may be doped with an impurity 
composed of a group III element, such as B, in order to form the low-
density source region 1b and the low-density drain region 1c, as well 
as the high-density source region 1d and the high-density drain region 
1e. 
[0108] 
 Next, as shown in process (8) in FIG. 6, the resist layer 600 
is removed, after which a thin high-temperature silicon oxide film 
(HTO film) or silicon nitride film approximately 200 nm thick or less 
is deposited on the scan line 3a and the capacitor line 3b by low-
pressure CVD, plasma CVD, or the like, thereby forming the first 
interlayer insulating film 81. However, before depositing the 
insulating film in this manner, a high-temperature process may be 
performed on the TFT-array substrate 10, which is constituted by a 
quartz substrate or the like, to form an oxide film that has a high 
withstand voltage, is relatively thin, and has few defects, thereby 
forming the first interlayer insulating film 81 having a multilayer 
structure that blows, including such an oxide film. 
[0109] 
 Next, as shown in process (9) in FIG. 6, the first contact 
hole 8a for electrically connecting the first intermediate conductive 
layer 80 and the high-density drain region 1e is formed in the first 
interlayer insulating film 81 by dry etching, such as reactive ion 
etching or reactive ion beam etching. Such dry etching is highly 
directional, thus enabling the formation of the first contact hole 8a 
with a small diameter. Alternatively, wet etching, which is 
advantageous for preventing over-etching of the first contact hole 8a 
through the semiconductor layer 1a, may be used in combination 
therewith. Such wet etching is also effective from the viewpoint of 
tapering the first contact hole 8a for a better electrical connection. In 
the present embodiment, the contact hole 18a for connecting the 
second intermediate conductive layer 180 and the capacitor line 3b is 
also formed at the same time as the first contact hole 8a is formed. 
This makes it possible to prevent an increase in the number of 
processes. 
[0110] 
 Next, as shown in process (10) in FIG. 6, a film of a metal 
such as Ti, Cr, W, Ta, Mo, or Pd, or a film of a metal alloy such as a 
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metal silicide, or a polysilicon film is deposited by sputtering or the 
like on the first interlayer insulating film 81, as with the first light-
shielding film 11a, followed by photolithography and etching 
processing to form the first intermediate conductive layer 80. 
Concurrently, the second intermediate conductive layer 180 is also 
formed. Note that an anti-reflective film, such as a polysilicon film, 
may be formed on the first intermediate conductive layer 80 and the 
second intermediate conductive layer 180 to mitigate surface 
reflection, and the layer structure of the first intermediate conductive 
layer 80 and the second intermediate conductive layer 180 may be 
formed as a structure comprising two or more layers, with a 
polysilicon film as a lower layer and a refractory metal as an upper 
layer, in order to make the connection resistance between the high-
density drain region 1e and the first intermediate conductive layer 80 
small. 
[0111] 
 Next, as shown in process (11) in FIG. 6, the second 
interlayer insulating film 4 constituted by a silicate glass film of NSG, 
PSG, BSG, BPSG, or the like, a silicon nitride film, a silicon oxide 
film, or the like is formed using, for example, normal-pressure or low-
pressure CVD, TEOS gas, or the like so as to cover the stepped upper 
surface of the layered body constituted by the scan line 3a, the 
capacitor line 3b, the first interlayer insulating film 81, and the base 
insulating film 12. Note that, after the second interlayer insulating film 
4 has been formed, thermal treatment may be performed at 
approximately 1,000°C to activate the semiconductor layer 1a. 
[0112] 
 Next, the third contact hole 5 for the data line 6a is formed 
in the second interlayer insulating film 4, the first interlayer insulating 
film 81, and the insulating thin film 2 by etching; the data line 6a is 
formed thereover from an approximately 100–500-nm-thick film of a 
low-resistance metal, such as Al, or a metal silicide by sputtering; and 
the third interlayer insulating film 7 is formed thereover by CVD or 
the like. 
[0113] 
 Next, the second contact hole 8b is etched into the third 
interlayer insulating film 7 and the second interlayer insulating film 4, 
and, finally, the pixel electrode 9a constituted by an ITO film is 
formed so as to be electrically connected to the first intermediate 
conductive layer 80 via the second contact hole 8b. In this process 
(11) in particular, a contact hole for connecting the scan line 3a and 
the capacitor line 3b with wires in the peripheral region of the 
substrate (not shown) may also be formed in the first interlayer 
insulating film 81 and the second interlayer insulating film 4 at the 
same time as the formation of the third contact hole 5. In addition, the 
data line 6a may be deposited to a thickness of approximately 100–
500 nm, preferably approximately 300 nm, and the third interlayer 
insulating film 7 may be deposited to a thickness of approximately 
500–1,500 nm. In addition, the second contact hole 8a should be 
formed by dry etching, such as reactive ion etching, reactive ion beam 
etching, or the like and tapered by wet etching. Furthermore, the pixel 
electrode 9a may be deposited to a thickness of approximately 50–200 
nm. Note that, if the electro-optical device will be used in a reflective 
liquid-crystal device, then the pixel electrode 9a may be formed from 
a highly reflective and light-shielding material such as Al. 
[0114] 
 According to the manufacturing process of the present 
embodiment as described above, the electro-optical device of the 
present embodiment described above can be manufactured 
comparatively easily. In addition, the semiconductor layer 1a of the 

pixel-switching TFT 30 is formed from polysilicon, thereby enabling 
the formation of peripheral circuits in substantially the same process 
as the pixel-switching TFT 30. 
[0115] 
 Note that, in the manufacturing process described above, 
the surfaces of the second interlayer insulating film 4 and the third 
interlayer insulating film 7 may be planarized by CMP or the like so 
that the film surfaces are planarized in the stage in which the pixel 
electrode 9a is formed. Alternatively, a recessed hollow may be 
formed by pre-etching in a prescribed region of the TFT-array 
substrate 10 and similarly processed in a subsequent process, resulting 
in the surface of the third interlayer insulating film 7 being planarized, 
or hollowed recesses may be formed in the second interlayer 
insulating film 4 and the base insulating film 12. Thus, if the surface 
of the base film is planarized in the stage in which the pixel electrode 
9a is formed, then the occurrence of disclinations in the liquid crystal 
caused by the stepped geometry can be curtailed as much as possible, 
thereby not leading to display defects such as a reduction in contrast 
ratio. 
[0116] 
(Second Embodiment) 
 The configuration of a liquid-crystal device constituting a 
second embodiment of the electro-optical device of the present 
invention will now be described with reference to FIG. 7 and FIG. 8. 
FIG. 7 is a plan view of a plurality of mutually adjacent pixel groups 
on a TFT-array substrate on which data lines, scan lines, pixel 
electrodes, and the like are formed; and FIG. 8 is a cross-sectional 
view along line A-A' in FIG. 7. Note that, in FIG. 8, the various layers 
and members are scaled differently so that said layers and members 
are large enough to be recognizable in the drawing. 
[0117] 
 As shown in FIG. 7 and FIG. 8, the second embodiment 
differs from the first embodiment in that the first intermediate 
conductive layer 80 and the second intermediate conductive layer 180 
of the first embodiment are not separated, but are provided as the 
single L-shaped intermediate conductive layer 80' in each pixel, and in 
that the contact hole 18a for connecting the second intermediate 
conductive layer 180 and the capacitor line 3b in the first embodiment 
is not formed, and other structural members are the same as in the first 
embodiment. Note that, in FIG. 7 and FIG. 8, structural elements the 
same as those of the first working example in FIG. 2 and FIG. 3 are 
labeled with the same reference symbols, and descriptions thereof will 
be omitted. 
[0118] 
 In this manner, the intermediate conductive layer 80' in the 
second embodiment is laid over the portion of the capacitor line 3b 
lying along the data line 6a with the second interlayer insulating film 4 
interposed therebetween to form the storage capacitor 70. 
Accordingly, in the light-shielding region along the data line 6a, the 
first capacitor electrode 1f extending from the high-density drain 
region 1e of the semiconductor layer 1a and the capacitor line 3b can 
be disposed opposing each other, and the capacitor line 3b and the 
intermediate conductive layer 80' can be disposed opposing each 
other. As a result, according to the second embodiment, the three-
dimensional storage capacitor 70 can be constructed also in the light-
shielding region along the data line 6a, thus enabling the efficient 
formation of a large storage capacitor in a small region, and creating a 
very advantageous structure when the pixel aperture ratio is increased 
and the pixel pitch is reduced. 
[0119] 
(Third Embodiment) 
 The configuration of a liquid-crystal device constituting a 
third embodiment of the electro-optical device of the present invention 
will now be described with reference to FIG. 9 and FIG. 10. FIG. 9 is 
a plan view of a plurality of mutually adjacent pixel groups on a TFT-
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array substrate on which data lines, scan lines, pixel electrodes, and 
the like are formed, and FIG. 10 is a cross-sectional view along line 
A-A' in FIG. 9. Note that, in FIG. 10, the various layers and members 
are scaled differently so that said layers and members are large enough 
to be recognizable in the drawing. 
[0120] 
 Note that, in FIG. 9 and FIG. 10, structural elements 
similar to those of the first embodiment in FIG. 2 and FIG. 3 and the 
second embodiment in FIG. 7 and FIG. 8 are labeled with the same 
reference symbols, and descriptions thereof will be omitted. 
[0121] 
 In this manner, the intermediate conductive layer 80' in the 
third embodiment is laid over a portion of a capacitor line 3b'' along 
the data line 6a with the second interlayer insulating film 4 interposed 
therebetween, and the storage capacitor 70 is formed in this region as 
well. Accordingly, in the light-shielding region along the data line 6a, 
the capacitor line 3b'' and the first capacitor electrode 1f, which is 
formed by extending the high-density drain region 1e of the 
semiconductor layer 1a to form a capacitor electrode, can be disposed 
opposing each other, and the capacitor line 3b'' and the intermediate 
conductive layer 80' can be disposed opposing each other. In addition, 
unlike in the second embodiment, a first contact hole 8a'' is provided 
so that, as seen in plan view, the intermediate conductive layer 80' and 
the semiconductor layer 1a can be electrically connected beyond the 
tip of the portion of the capacitor line 3b'' along the data line 6a, 
thereby eliminating the need to provide a neck in the capacitor line 
3b'' and making it possible to increase the aperture ratio of the pixel 
and the size of the storage capacitor 70. 
[0122] 
 In the various embodiments described above, the plan-view 
shapes of the various contact holes may be circular, rectangular, or 
other polygonal shapes; however, circular shapes are particularly 
useful for preventing cracks in the interlayer insulating films and the 
like around the contact holes. 
[0123] 
(Fourth Embodiment) 
 The configuration of a liquid-crystal device constituting a 
fourth embodiment of the electro-optical device of the present 
invention will now be described with reference to FIG. 11 and FIG. 
12. FIG. 11 is a plan view of a plurality of mutually adjacent pixel 
groups on a TFT-array substrate on which data lines, scan lines, pixel 
electrodes, and the like are formed, and FIG. 12 is a cross-sectional 
view along line A-A' in FIG. 11. In FIG. 12, the various layers and 
members are scaled differently so that said layers and members are 
large enough to be recognizable in the drawing. Members identical to 
those in the first embodiment are labeled with the same reference 
numerals, and detailed descriptions thereof will be omitted. 
[0124] 
 As shown in FIG. 11, the scan lines 3a and the data lines 6a 
in the fourth embodiment are provided substantially in the centers of 
the non-aperture regions. The semiconductor layers 1a are disposed 
below the data lines 6a so as to intersect the scan lines 3a. As shown in 
FIG. 12, the data line 6a and the high-density source region 1d of the 
semiconductor layer 1a are electrically connected via the third contact 
hole 5 below the data line 6a. In addition, the high-density drain 
region 1e of the semiconductor layer 1a and an intermediate 
conductive layer 80a are electrically connected via a first contact hole 
8a''' below the data line 6a. Disposing the semiconductor layer 1a 
below the light-shielding data line 6a in this manner has the effect of 

preventing incident light from the opposing substrate 20 side from 
directly irradiating the semiconductor layer 1a. Furthermore, forming 
the semiconductor layer 1a, the third contact hole 5, and the first 
contact hole 8a''' so as to be linearly symmetric with respect to the 
center lines of the non-aperture regions in the direction of the scan 
lines 3a and the non-aperture regions in the direction of the data lines 
6a makes it possible for the stepped geometry to have left-right 
symmetry with respect to the data lines 6a, which advantageously 
eliminates differences in light drop-out due to the handedness of the 
liquid crystal. 
[0125] 
 The first light-shielding film 11a is formed below the 
semiconductor layer 1a with the base insulating film 12 interposed 
therebetween. The first light-shielding film 11a is formed in a matrix 
shape along the direction of the data lines 6a and the direction of the 
scan lines 3a. The semiconductor layer 1a is disposed inside the first 
light-shielding film 11a, and has the effect of preventing returning 
light from the TFT-array substrate 10 side from directly irradiating the 
semiconductor layer 1a. 
[0126] 
 The intermediate conductive layer 80a is constituted by a 
conductive film including a polysilicon film, a refractory metal, or the 
like, extends in a roughly T-shape along the scan line 3a and the data 
line 6a between the layers of the semiconductor layer 1a and the pixel 
electrode 9a, and has a function of serving as a buffer for electrically 
connecting the semiconductor layer 1a and the pixel electrode 9a. 
Specifically, the high-density drain region 1e of the semiconductor 
layer 1a and the conductive intermediate conductive layer 80a are 
electrically connected via the first contact hole 8a''', and the 
intermediate conductive layer 80a and the pixel electrode 9a are 
electrically connected via the second contact hole 8b. By adopting 
such a configuration, the intermediate conductive layer 80a of high 
etch selectivity is provided even if a contact hole that is deep relative 
to the interlayer insulating film is formed, thereby making it possible 
to avoid the risk of adversely over-etching the semiconductor layer 1a 
when forming the contact hole. It is noted that the third contact hole 5 
for electrically connecting the data line 6a and the high-density source 
region 1d of the semiconductor layer 1a also may be similarly relayed 
through the same film as the intermediate conductive layer 80a. 
[0127] 
 In addition, in the fourth embodiment, an interlayer 
insulating film 91 is layered over the intermediate conductive layer 
80a, and a light-shielding conductive film 90a is formed thereover. 
The light-shielding conductive film 90a extends in the direction of the 
scan line 3a to outside the image-display region so as to cover the 
intermediate conductive layer 80a, except for the second contact hole 
8b, and has a fixed potential due to being electrically connected to any 
of: a constant-potential source such as a negative power supply or a 
positive power supply supplied to the scan-line drive circuits, the data-
line drive circuits, and the like; a grounded power supply; a constant-
potential source supplied to the counter electrode; or the like. 
Accordingly, the intermediate conductive layer 80a can be used as one 
capacitor electrode and the light-shielding conductive film 90a as the 
other capacitor electrode to form the storage capacitor 70 shown in 
FIG. 1. At this time, it goes without saying that the interlayer 
insulating film 91 functions as a dielectric film of the storage 
capacitor 70. Here, the interlayer insulating film 91 is laid only to 
form the storage capacitor 70, making it possible to increase the size 
of the storage capacitor 70 by reducing the film thickness of the 
interlayer insulating film 91 to a thickness such that there is no 
leakage between the intermediate conductive layer 80a and the light-
shielding conductive film 90a. Furthermore, in the present 
embodiment, by forming the interlayer insulating film 81 thickly, the 
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intermediate conductive layer 80a can be extended over the TFT 30 
and the scan line 3a; thus, the size of the storage capacitor 70 can be 
increased efficiently. Furthermore, in the fourth embodiment, a 
capacitor electrode is not formed by extending the semiconductor 
layer 1a. Thus, there is no need to form the capacitor electrodes and 
the capacitor lines for forming the storage capacitors from the same 
film as the scan lines 3a, making it possible to dispose the scan lines 
3a substantially in the centers of the non-aperture regions defined by 
the light-shielding conductive film 90a and the first light-shielding 
film 11a, as shown in FIG. 11. In addition, because there is no need to 
make the semiconductor layer 1a, which is composed of a polysilicon 
film, low resistance, impurities do not have to be implanted in the 
capacitor-electrode forming portions, thereby making it possible to 
reduce the number of processes. 
[0128] 
 In the fourth embodiment, the channel regions 1a' of the 
TFTs 30 may be formed at the intersections of the scan lines 3a and 
the data lines 6a so as to be provided substantially in the centers of the 
non-aperture regions in the directions of the data lines 6a and the scan 
lines 3a. As a result, they are positioned at the locations hardest for 
incident light from the opposing substrate 20 side and returning light 
from the TFT array substrate 10 side to strike, thereby making it 
possible to greatly reduce light-induced leakage current of the TFTs 
30. 
[0129] 
 Furthermore, in the fourth embodiment, as shown in FIG. 
11, the light-shielding conductive films 90a, the intermediate 
conductive layers 80a, and the first light-shielding films 11a are 
formed with narrow pattern widths in that order in the vicinities of the 
channel regions 1a' to keep incident light from directly irradiating the 
first light-shielding film 11a. In addition, the interposition of the 
intermediate conductive layer 80a constituted by a polysilicon film 
between the light-shielding conductive film 90a and the 
semiconductor layer 1a makes it possible to impart the effect of 
absorbing reflected light from the surface of the first light-shielding 
film 11a and returning light from the TFT-array substrate 10 side, 
which is advantageous for light resistance. 
[0130] 
 In addition, in the fourth embodiment, because the non-
aperture regions on the TFT-array substrate 10 can be formed using 
the data lines 6a, the light-shielding conductive films 90a, the first 
light-shielding films 11a, and the like, a light-shielding film does not 
have to be provided on the opposing substrate 20. Thereby, when the 
TFT-array substrate 10 and the opposing substrate 20 are mechanically 
bonded, there will be no change in the regions through which light 
passes (aperture regions) even if the substrates are misaligned, 
because there is no light-shielding film on the opposing substrate 20. 
Thus, a stable pixel aperture ratio can be obtained at all times, making 
it possible to greatly reduce the incidence of device defects. 
[0131] 
(Overall Configuration of the Electro-optical Device) 
 The overall configuration of the electro-optical device in 
the various embodiments configured as described above will now be 
described with reference to FIG. 13 and FIG. 14. Note that FIG. 13 is 
a plan view of the TFT-array substrate 10 along with the various 
structural elements formed thereupon as seen from the opposing 
substrate 20 side, and FIG. 14 is a cross-sectional view along line H-
H' in FIG. 13. 
[0132] 
 In FIG. 13, a sealing material 52 is provided on the TFT-
array substrate 10 along the edges thereof, and a third light-shielding 
film 53, which is formed, for example, from the same material as the 
second light-shielding film 23 or from a different material and serves 

as a frame edge defining the periphery of the image-display region, is 
provided inward of the sealing material 52 and parallel thereto. A data-
line drive circuit 101, which drives the data line 6a by supplying an 
image signal to the data line 6a at a prescribed timing, and an external-
circuit connection terminal 102 are provided along an edge of the 
TFT-array substrate 10 in a region outside the sealing material 52; and 
scan-line drive circuits 104, which drive the scan lines 3a by 
supplying a scan signal to each of the scan lines 3a at a prescribed 
timing, are provided along two edges adjacent to that edge. It goes 
without saying that there need only be a scan-line drive circuit 104 on 
one side, as long as delay in the scan signal supplied to the scan line 
3a is not a problem. In addition, data-line drive circuits 101 may be 
arrayed on both sides of the image-display region along the edges 
thereof. Furthermore, a plurality of wires 105 for connecting the scan-
line drive circuits 104 provided on both sides of the image-display 
region is provided on the remaining side of the TFT-array substrate 10. 
In addition, a vertical conductive material 106 for providing electrical 
conduction between the TFT-array substrate 10 and the opposing 
substrate 20 is provided at at least one location in each corner portion 
of the opposing substrate 20. Furthermore, as shown in FIG. 14, the 
opposing substrate 20, which has substantially the same outline as the 
sealing material 52 shown in FIG. 13, is bonded to the TFT-array 
substrate 10 by the sealing material 52. Note that, in addition to the 
data-line drive circuit 101, the scan-line drive circuits 104, etc., a 
sampling circuit for applying an image signal to the plurality of data 
lines 6a at a prescribed timing, a precharging circuit for applying a 
precharging signal of a prescribed voltage level to the plurality of data 
lines 6a prior to the image signal, a testing circuit for testing the 
electro-optical device for quality, defects, etc., during manufacturing 
or when being shipped out, and the like may also be formed on the 
TFT-array substrate 10. 
[0133] 
 In the embodiments described above with reference to FIG. 
1 to FIG. 14, the data-line drive circuit 101 and the scan-line drive 
circuits 104, instead of being provided on the TFT-array substrate 10, 
may be electrically and mechanically connected to, for example, a 
driver LSI mounted on a TAB (tape-automated bonding) substrate via 
an anisotropically conductive film provided on a peripheral part of the 
TFT-array substrate 10. In addition, a polarizing film, a phase-contrast 
film, a polarizing plate, and the like are respectively disposed—in 
accordance with, for example, the operation mode, such as the TN 
(twisted nematic) mode, the VA (vertically aligned) mode, and the 
PDLC (polymer-dispersed liquid crystal) mode, as well as in 
accordance with the normally white mode/normally black mode—in 
prescribed directions on the side of the opposing substrate 20 
impinged by projected light and the side of the TFT-array substrate 10 
from which emergent light exits. 
[0134] 
 To use the electro-optical device in the embodiments 
described above in color display projector applications, three electro-
optical devices are respectively used as light valves for R (red), G 
(green), and B (blue), and the lights, which have been separated into 
these colors by dichroic mirrors for RGB color separation, 
respectively enter the light valves as the projected light. Accordingly, 
a color filter is not provided on the opposing substrate 20 in these 
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embodiments. However, an RGB color filter may be formed, along 
with a protective film for the same, on the opposing substrate 20 in a 
prescribed region thereof in which the second light-shielding film 23 
is not formed and which opposes the pixel electrode 9a. Alternatively, 
it is also possible to form a color filter layer, using a color resist or the 
like, under the pixel electrode 9a opposing the RGB on the TFT-array 
substrate 10. In this way, the electro-optical device of the various 
embodiments can be applied to direct-view or reflective color electro-
optical devices other than projectors. Furthermore, microlenses may 
be formed on the opposing substrate 20 in one-to-one correspondence 
with the pixels. In this way, a bright electro-optical device can be 
realized by improving incident light condensing efficiency. 
Furthermore, a plurality of interference layers having different indexes 
of refraction may be deposited on the opposing substrate 20 in order to 
take advantage of optical interference and form a dichroic filter for 
creating RGB colors. By using an opposing substrate with a dichroic 
filter, it is possible to realize an electro-optical device for displaying 
brighter colors. 
[0135] 
 Note that, in the electro-optical devices of the 
embodiments described above, incident light impinges from the 
opposing substrate 20 side as in the conventional art; however, 
because the first light-shielding film 11a is provided, incident light 
may impinge from the TFT-array substrate 10 side and be emitted 
from the opposing substrate 20 side. That is, even if the electro-optical 
device is mounted on a projector in this manner, it is possible to 
effectively prevent light from impinging the channel region 1a' of the 
semiconductor layer 1a and regions adjacent thereto, enabling an 
image of high quality to be displayed. At this time, there is no need to 
separately dispose a polarizing plate having an AR (anti-reflection) 
coating or bond an AR film in order to prevent reflection on the rear 
surface of the TFT-array substrate 10, thus making it possible to 
commensurately reduce materials costs and eliminate a reduction in 
yield due to debris, scratches, or the like when bonding the polarizing 
plate, which is a great advantage. In addition, because light resistance 
is excellent, there is no degradation in image quality due to optical 
crosstalk or the like, even if a bright light source is used or light is 
polarized using a polarizing beam splitter to improve light-utilization 
efficiency. 
[0136] 
 In addition, although the switching device provided in each 
pixel is a positive-staggered or coplanar polysilicon TFT in the 
foregoing descriptions, the embodiments are also effective for other 
types of TFTs, such as inverted-staggered TFTs and amorphous silicon 
TFTs. 
[0137] 
 The electro-optical device of the present invention is not 
limited to the embodiments described above, but can be appropriately 
modified within the gist or spirit of the present invention as inferred 
from the claims and the description as a whole, and the technical 
scope of the present invention also includes electro-optical devices 
thus modified. 
BRIEF DESCRIPTION OF THE DRAWINGS 
 FIG. 1 is an equivalent circuit of various devices, wires, 
and the like provided in a plurality of pixels in a matrix constituting an 
image-display region in an electro-optical device according to the first 
embodiment of the present invention. 

 FIG. 2 is a plan view of a plurality of mutually adjacent 
pixel groups on a TFT array substrate, on which data lines, scan lines, 
pixel electrodes, and the like are formed, in the liquid-crystal device 
of the first embodiment. 
 FIG. 3 is a cross-sectional view along line A-A' in FIG. 2. 
 FIG. 4 is an enlarged, partial plan view of capacitor lines 
and scan lines, and compares a plan-view pattern of a capacitor line 
and a scan line in the present embodiment with a plan-view pattern 
thereof in a comparative example. 
 FIG. 5 is a process diagram (part 1) showing each process, 
in order, in the image-display region in an embodiment of the 
manufacturing process of the liquid-crystal device according to the 
first embodiment. 
 FIG. 6 is a process diagram (part 2) showing each process, 
in order, in the image-display region in an embodiment of the 
manufacturing process of the liquid-crystal device according to the 
first embodiment. 
 FIG. 7 is a plan view of a plurality of mutually adjacent 
pixel groups on a TFT array substrate, on which data lines, scan lines, 
pixel electrodes, and the like are formed, in a liquid-crystal device 
according to a second embodiment of the present invention. 
 FIG. 8 is a cross-sectional view along line A-A' in FIG. 7. 
 FIG. 9 is a plan view of a plurality of mutually adjacent 
pixel groups on a TFT array substrate, on which data lines, scan lines, 
pixel electrodes, and the like are formed, in a liquid-crystal device 
according to a third embodiment of the present invention. 
 FIG. 10 is a cross-sectional view along line A-A' in FIG. 9. 
 FIG. 11 is a plan view of a plurality of mutually adjacent 
pixel groups on a TFT array substrate, on which data lines, scan lines, 
pixel electrodes, and the like are formed, in a liquid-crystal device 
according to a fourth embodiment of the present invention. 
 FIG. 12 is a cross-sectional view along line A-A' in FIG. 
11. 
 FIG. 13 is a plan view of the TFT-array substrate along 
with the various structural elements formed thereupon, as seen from 
the opposing substrate side, in the liquid-crystal devices according to 
the various embodiments. 
 FIG. 14 is a cross-sectional view along line H-H' in FIG. 
13. 
EXPLANATION OF THE REFERENCE NUMBERS 
1a Semiconductor layer 
1a' Channel region 
1b Low-density source region 
1c Low-density drain region 
1d High-density source region 
1e High-density drain region 
1f First capacitor electrode 
2 Insulating thin film 
3a Scan line 
3b, 3b'' Capacitor lines 
4 Second interlayer insulating film 
5 Third contact hole 
6a Data line 
7 Third interlayer insulating film 
8a, 8a'', 8a''' First contact holes 
8b Second contact hole 
18 Contact hole 
9a Pixel electrode 
10 TFT array substrate 
11a First light-shielding film 
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