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(57) ABSTRACT 

An electro-optical device includes, on a Substrate, a plurality 
of scanning lines and a plurality of data lines which intersect 
one another, a plurality of pixel electrodes provided corre 
sponding to the intersections of the plurality of Scanning 
lines and the plurality of data lines, a storage capacitor in 
which a pair of electrodes, and a dielectric film are lami 
nated, a sidewall made of a first insulating film provided on 
an inner wall of an opening which is opened through one of 
the pair of electrodes and the dielectric film, and a first 
conductive film which is arranged opposite to one of the pair 
of electrodes as viewed from the other of the pair of 
electrodes, and electrically connected to the other of the pair 
of electrodes via a self-alignment contact hole which is 
formed in a self-alignment manner simultaneously with the 
sidewall and surrounded by the sidewall. 
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FIG. 1 
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FIG. 8A 
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ELECTRO-OPTICAL DEVICE AND 
MANUFACTURING METHOD THEREOF, 

ELECTRONIC APPARATUS, AND CAPACITOR 

BACKGROUND 

0001) 1. Technical Field 
0002 The present invention relates to arts of an electro 
optical device, such as a liquid crystal device, an electronic 
apparatus, Such as a liquid crystal projector, including the 
electro-optical device, and a capacitor. 

0003 2. Related Art 
0004. In this type of electro-optical device, such as a 
liquid crystal device, a storage capacitor is often added 
parallel to a liquid crystal capacitor in order to prevent an 
image signal stored in a pixel portion from leaking. 
0005. A method of manufacturing a storage capacitor is 
disclosed in JP-A-2001-290171. In the manufacturing 
method according to JP-A-2001-290171, the distance 
between the edge of a contact hole with a wiring line above 
an upper electrode, which is connected to a lower electrode 
of a storage capacitor, and the upper electrode of the storage 
capacitor is set by means of two kinds of mask pattern, 
ensuring insulation. 
0006. However, if the storage capacitor is manufactured 
using two kinds of mask like the technique according to 
JP-A No. 2001-290171, it is necessary to ensure and design 
a margin in consideration of the alignment between the two 
kinds of mask, and the area of the storage capacitor should 
be decreased accordingly. As a result, there is a technical 
problem in that the capacity of the storage capacitor in the 
pixel portion may be lowered and display unevenness may 
OCCU. 

SUMMARY 

0007 An advantage of the invention is that it provides an 
electro-optical device having a storage capacitor of 
increased area, and enabling high-definition image display, 
a manufacturing method thereof, an electronic apparatus, 
and a capacitor. 
0008 An electro-optical device of the invention includes, 
on a Substrate: a plurality of scanning lines and a plurality of 
data lines which intersect one another; a plurality of pixel 
electrodes provided corresponding to the intersections of the 
plurality of Scanning lines and the plurality of data lines; a 
storage capacitor in which a pair of electrodes, and a 
dielectric film are laminated; a sidewall made of a first 
insulating film provided on an inner wall of an opening 
which is opened through one of the pair of electrodes and the 
dielectric film; and a first conductive film which is arranged 
opposite to one of the pair of electrodes as viewed from the 
other of the pair of electrodes, and electrically connected to 
the other of the pair of electrodes via a self-alignment 
contact hole which is formed in a self-alignment manner 
simultaneously with the sidewall and surrounded by the 
sidewall. 

0009. According to the electro-optical device of the 
invention, during the operation thereof, active-matrix driv 
ing is possible, for example, when a pixel-switching thin 
film transistor (hereinafter suitably referred to as “TFT) 
applies a data signal from a data line to a pixel electrode 
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where a pixel is located and selected by a scanning line. At 
this time, the potential storage characteristics in the pixel 
electrode improve, and high contrast display can be attained, 
for example, by the storage capacitor electrically connected 
to the pixel electrode. 

0010. The “storage capacitor according to the invention 
is, for example, a capacitor with g a pixel-potential-side 
electrode and a fixed-potential-side electrode as a pair of 
electrodes for improving the potential storage characteristics 
in the pixel electrodes. In this capacitor, the pixel-potential 
side electrode, the dielectric film, and the fixed-potential 
side electrode may be laminated in this order from the lower 
layer side, and may be laminated in reverse order. In 
addition, not only the storage capacitor electrically con 
nected to the pixel electrode but also a storage capacitor 
provided on the substrate to operate the electro-optical 
device are included in the 'storage capacitor according to 
the invention. 

0011 Particularly in the invention, the electro-optical 
device includes the sidewall made of the first insulating film. 
The "sidewall' according to the invention means an insu 
lating film provided on an inner wall of an opening which is 
bored through one of a pair of electrodes and a dielectric 
film. Furthermore, the other electrode (for example, a pixel 
potential-side electrode or a lower electrode) of a pair of 
electrodes is electrically connected to a first conductive film, 
such as ITO (Indium-Tin Oxide), which constitute, for 
example, a pixel electrode which is arranged opposite to one 
(for example, a fixed-potential-side electrode or an upper 
electrode) of the pair of electrodes, via a self-alignment 
contact hole surrounded by this sidewall. Here, the first 
conductive film may extend from each of a plurality of pixel 
electrodes. In other words, even if the first conductive film 
is a film itself which constitutes each of a plurality of pixel 
electrodes, it may be formed integrally with each of a 
plurality of pixel electrodes, or it may be formed separately 
from the pixel electrodes. The “self-alignment contact hole 
surrounded by the sidewall' according to the invention 
means a self-alignment-type contact hole formed simulta 
neously with formation of the sidewall, and a contact hole 
whose periphery is surrounded and insulated by the sidewall 
so that electrical short circuiting (that is, short) is not caused 
between a pair of electrodes. For this reason, for example, 
the distance along a substrate between the first conductive 
film formed in the self-alignment contact hole and one of a 
pair of electrodes is defined by the sidewall. Therefore, 
positioning between a mask for forming a contact hole for 
establishing an electrical connection between the other of a 
pair of electrodes and one of the pair of electrodes and the 
first conductive film arranged opposite to one of the pair of 
electrodes while they does not make a short circuit, and a 
mask for forming a storage capacitor is not required. 
Accordingly, since it is not necessary to provide a margin in 
consideration of any positional deviation between a plurality 
of masks when the other of a pair of electrodes is electrically 
connected to the first conductive film arranged opposite to 
one of the pair of electrodes, the sidewall can be made as 
thin as possible. As a result, as compared with, for example, 
a case where a contact hole is formed using two kinds of 
mask, or a case where a contact hole adjacent to the storage 
capacitor is formed with an insulating film therebetween, the 
amount of decrease in the area of the storage capacitor 
caused by forming the contact hole can be reduced. That is, 
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a larger storage capacitor can be formed on the Substrate of 
the same size. Otherwise, the size of the substrate can be 
reduced. 

0012. In one aspect of the electro-optical device of the 
invention, the storage capacitor is configured such that a 
pixel-potential-side electrode electrically connected to the 
pixel electrodes and a fixed-potential-side electrode con 
nected electrically to a constant potential, serving as the pair 
of electrodes, are laminated. 
0013. According to this aspect, the potential storage 
characteristics in the pixel electrode improve, and high 
contrast display can be attained, for example, by the storage 
capacitor electrically connected to the pixel. electrode. Fur 
thermore, since the pixel electrode and the pixel-potential 
side electrode are electrically connected to each other via the 
self-alignment contact hole Surrounded by the sidewall, as 
compared with, for example, a case where a contact hole is 
formed using two kinds of mask, or a case where a contact 
hole adjacent to the storage capacitor is formed with an 
insulating film therebetween, the amount of decrease in the 
area of the storage capacitor caused by forming the contact 
hole can be reduced. As a result, much higher contrast 
display can be attained. 
0014. In another aspect of the electro-optical device of 
the invention, the plurality of pixel electrodes extend from 
the first conductive film, the storage capacitor is configured 
such that the pixel-potential-side electrode, the dielectric 
film, and the fixed-potential-side electrode are laminated in 
this order, and the pixel-potential-side electrode as the other 
of the pair of electrodes is electrically connected to the 
plurality of pixel electrodes electrically via the self-align 
ment contact hole which is bored through the fixed-poten 
tial-side electrode as the one of the pair of electrodes and the 
dielectric film. 

0.015 According to this aspect, the pixel-potential-side 
electrode is electrically connected to a pixel electrode 
extending from the first conductive film which is arranged 
opposite to the fixed-potential-side electrode, i.e., on the side 
of the upper layer of fixed-potential-side electrode, via the 
self-alignment contact hole which is bored through the 
fixed-potential-side electrode and the dielectric film. Thus, 
as compared with, for example, a case where a contact hole 
is formed using two kinds of mask, or a case where a contact 
hole adjacent to the storage capacitor is formed with an 
insulating film therebetween, the amount of decrease in the 
area of the storage capacitor caused by forming the contact 
hole can be reduced. As a result, much higher contrast 
display can be attained. 

0016. An electronic apparatus of the invention includes 
the above-mentioned electro-optical device (here, various 
aspects are also included) of the invention. 
0017. Since the electronic apparatus of the invention 
includes the above-mentioned electro-optical device of the 
invention, it is possible to realize various electronic appa 
ratuses, such as projection type displays, television sets, 
portable telephones, electronic organizers, word processors, 
view-finder-type or monitor-direct-viewing-type video tape 
recorders, work stations, video phones, POS (Point of Sale) 
terminals, apparatuses having a touch panel, and the like, 
which are capable of performing high-quality image display. 
Further, as the electronic apparatus of the invention, it is also 
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possible to realize, for example, an electrophoresis appara 
tus, such as an electronic paper, an electron emission appa 
ratus (Field Emission Display and Conduction Electron 
Emitter Display), and displays using the electrophoresis 
apparatus and the electron emission apparatus. 
0018 Particularly, since a larger storage capacitor can be 
formed on a Substrate, for example, high-contrast display 
can be performed. 
0019. A method of manufacturing an electro-optical 
device of the invention is a method of manufacturing an 
electro-optical device including, on a Substrate, a plurality of 
scanning lines and a plurality of data lines which intersect 
one another, a plurality of pixel electrodes provided corre 
sponding to the intersections of the plurality of Scanning 
lines and the plurality of data lines, and storage capacitors 
which are electrically connected to the plurality of pixel 
electrodes. The method includes: forming the storage 
capacitors such that a pixel-potential-side electrode, a 
dielectric film, and a fixed-potential-side electrode are lami 
nated in this order; forming an interlayer insulating film on 
the storage capacitor; forming an opening which is bored 
through the fixed-potential-side electrode, the dielectric 
film, and the interlayer insulating film Such that the pixel 
potential-side electrode is exposed; laminating a first insu 
lating film in a region including the opening, as seen in plan 
view, on the Substrate; boring a self-alignment contact hole 
surrounded by a sidewall such that the pixel-potential-side 
electrode is exposed, while the sidewall made of the first 
insulating film is formed on the inner wall of the opening, by 
performing anisotropic etching on the first insulating film; 
and forming the pixel electrodes by laminating the first 
insulating film in the region including the self-alignment 
contact hole, as seen in plan view, on the Substrate Such that 
the first conductive film is electrically connected to the 
pixel-potential-side electrode via the self-alignment contact 
hole. 

0020. According to the method of manufacturing a liquid 
crystal device of the invention, the above-mentioned liquid 
crystal device can be manufactured. Here, positioning 
between a mask for forming a contact hole for electrically 
connecting the pixel-potential-side electrode with a pixel 
electrode extending from the first conductive film arranged 
opposite to the fixed-potential-side electrode and a mask for 
forming a storage capacitor is not required. As compared 
with, for example, a case where a contact hole is formed 
using two kinds of mask, or a case where a contact hole 
adjacent to the storage capacitor is formed with an insulating 
film therebetween, the amount of decrease in the area of the 
storage capacitor caused by forming the contact hole can be 
reduced. That is, a larger storage capacitor can be formed on 
the substrate of the same size. Otherwise, the size of the 
substrate can be reduced. 

0021. A capacitor according to the invention is formed by 
laminating a pair of electrodes, and a dielectric film on a 
Substrate. The capacitor includes a sidewall made of an 
insulating film provided on an inner wall of an opening 
which is bored through one of the pair of electrodes and the 
dielectric film. The other of the pair of electrodes is elec 
trically connected to a conductive film located opposite to 
the one of the pair of electrodes via a self-alignment contact 
hole surrounded by the sidewall. 
0022. According to the capacitor related to the invention, 
positioning between a mask for forming a contact hole for 
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electrically connecting the other of a pair of electrodes with 
the conductive film located opposite to one of the pair of 
electrodes, and a mask for forming a storage capacitor is not 
required. Thus, as compared with, for example, a case where 
a contact hole is formed using two kinds of mask, or a case 
where a contact hole adjacent to the storage capacitor is 
formed with an insulating film therebetween, the amount of 
decrease in the area of the storage capacitor caused by 
forming the contact hole can be reduced. That is, a larger 
storage capacitor can be formed on the Substrate of the same 
size. Otherwise, the size of the substrate can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The invention will be described with reference to 
the accompanying drawings, wherein like numbers refer 
ence like elements. 

0024 FIG. 1 is a plan view showing the entire configu 
ration of a liquid crystal device according to a first embodi 
ment. 

0.025 FIG. 2 is a sectional view taken along line H-H of 
FIG 1. 

0026 FIG. 3 shows an equivalent circuit of various 
elements, wiring lines, etc. in a plurality of pixel portions 
which are formed in a matrix and which constitute an image 
display region of the liquid crystal device. 
0027 FIG. 4 is a plan view of a plurality of mutually 
adjacent pixel portions in the liquid crystal device according 
to the first embodiment. 

0028 FIG. 5 is a sectional view taken along a line A-A 
in FIG. 4. 

0029 FIG. 6 is a partially enlarged view showing that the 
inside of the broken-line circle C1 of FIG. 5 is enlarged. 
0030 FIG. 7 is a process chart (Step 1) sequentially 
showing a manufacturing process of the liquid crystal device 
of the first embodiment. 

0031 FIG. 8 is a process chart (Step 2) sequentially 
showing the manufacturing process of the liquid crystal 
device of the first embodiment. 

0032 FIG. 9 is a sectional view according to a second 
embodiment similar to FIG. 5. 

0033 FIG. 10 is a partially enlarged view showing that 
the inside of the broken-line circle C2 of FIG. 9 is enlarged. 
0034 FIG. 11 is a plan view showing the configuration of 
a projector that is an example of an electronic apparatus to 
which the electro-optical device is applied. 
0035 FIG. 12 is a perspective view showing the configu 
ration of a personal computer which is an example of an 
electronic apparatus to which the electro-optical device is 
applied. 
0.036 FIG. 13 is a plan view showing the configuration of 
a personal computer which is an example of an electronic 
apparatus to which the electro-optical device is applied. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0037. The effects and other advantages of the invention 
will be apparent from a best mode for carrying out the 
invention as will be described below. 
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0038 Hereinafter, embodiments of the invention will be 
described with reference to the accompanying drawings. In 
the following embodiments, a liquid crystal device of a TFT 
active matrix drive system with a built-in drive circuit, 
which is an example of the electro-optical device of the 
invention, will be taken as an example. 
First Embodiment 

0039. A liquid crystal device according to a first embodi 
ment will be described with reference to FIGS. 1 to 8. 

0040 First, the entire configuration of the liquid crystal 
device according to this embodiment will be described with 
reference to FIGS. 1 and 2. Here, FIG. 1 is a plan view 
showing the configuration of the liquid crystal device 
according to this embodiment, and FIG. 2 is a sectional view 
taken along the line H-H of FIG. 1. 
0041) Referring to FIGS. 1 and 2, a TFT array substrate 
10 and a counter substrate 20 are arranged to face each other 
in the liquid crystal device according to this embodiment. A 
liquid crystal layer 50 is enclosed between the TFT array 
substrate 10 and the counter substrate 20, and the TFT array 
substrate 10 and the counter substrate 20 are bonded to each 
other with sealant 52 provided in a seal region located 
around an image display region 10a. 
0042 Referring to FIG. 1, a frame-like light-shielding 
film 53 with a light blocking effect which defines a frame 
region of the image display region 10a is provided on the 
side of the counter substrate 20 parallel to the inside of the 
seal region where the sealant 52 is applied. A data line 
driving circuit 101 and an external circuit connecting ter 
minal 102 are provided along one side of the TFT array 
substrate 10 in a peripheral region which is located outside 
the seal region where the sealant 52 is applied. Inside the 
seal region along this one side, a sampling circuit 7 is 
provided such that it is covered with the frame-like light 
shielding film 53. Further, inside the seal region along the 
two sides adjacent to this one side, Scanning line driving 
circuits 104 are provided such that they are covered with the 
frame-like light-shielding film 53. Further, on the TFT array 
substrate 10, vertical electrical connection terminals 106 for 
connection between both Substrates are arranged in the 
regions which face four corners of the counter substrate 20 
and are attached to both substrates with vertical electrical 
connection material 107. This makes it possible to establish 
electrical connection between the TFTarray substrate 10 and 
the counter substrate 20. 

0043. On the TFT array substrate 10, lead-around wiring 
lines 90 for electrically connecting the external circuit 
connecting terminal 102, the data line driving circuit 101, 
the scanning line driving circuits 104, the vertical electrical 
connection terminals 106, and the like are formed. 

0044) Referring to FIG. 2, a laminated structure in which 
pixel-switching TFTs (Thin-Film Transistors) which are 
driver elements, and wiring lines, such as scanning lines and 
data lines, are provided is formed on the TFT array substrate 
10. In the image display region 10a, pixel electrodes 9a are 
provided on the upper layer of the pixel-switching TFTs, and 
the wiring lines, such as scanning lines and data lines. On the 
other hand, a light-shielding film 23 is formed on the surface 
of the counter substrate 20 facing the TFT array substrate 10. 
On the light-shielding film 23, a counter electrode 21 made 
of transparent materials, such as ITO (Indium-Tin Oxide), is 
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formed so as to face a plurality of pixel electrodes 9a. 
Further, the liquid crystal layer 50 is made of, for example, 
liquid crystal in which one or several kinds of nematic liquid 
crystal are mixed, and takes a predetermined aligned State 
between a pair of alignment films. 

0045. In addition, although not illustrated herein, test 
circuits, test patterns, etc. for testing the quality, defects, etc. 
of liquid crystal devices during manufacture or at the time of 
shipment, other than the data line driving circuit 101 and the 
scanning line driving circuits 104, may be formed on the 
TFT array substrate 10. 
0046) Next, the electric configuration in a pixel portion of 
the liquid crystal device according to this embodiment will 
be described with reference to FIG. 3. Here, FIG. 3 shows 
an equivalent circuit of various elements, wiring lines, etc. 
in a plurality of pixel portions which are formed in a matrix 
and which constitute the image display region of the liquid 
crystal device. 
0047 Referring to FIG.3, in each of the plurality of pixel 
portions formed in a matrix in the image display region 10a 
(refer to FIG. 1) of the liquid crystal device according to this 
embodiment, a pixel electrode 9a and a TFT 30 for control 
ling switching of the pixel electrode 9a are formed, and a 
data line 6a to which an image signal S1, S2, ..., or Sn as 
will be described below is supplied is electrically connected 
to the Source of the TFT 30. 

0.048. Further, scanning lines 3a are electrically con 
nected to the gates of the TFTs 30, and they are configured 
to sequentially apply scanning signals G1, G2, , and Gm in 
this order to the scanning lines 3a in pulses with predeter 
mined timing. The pixel electrodes 9 are electrically con 
nected to the drains of the TFTs 30 to write the pixel signals 
S1, S2, . . . . and Sn supplied from the data lines 6a in the 
respective pixels with predetermined timing by Switching on 
the TFTs 30 which are switching elements for a certain 
period. 

0049 Predetermined levels of the pixel signals S1 S2, .. 
. . and Sn written in the liquid crystal as an electro-optical 
material through the pixel electrodes 9a are maintained for 
a certain period between the TFT array substrate and the 
counter electrode 21 formed in the counter substrate. When 
the alignment and order of a molecular assembly change 
depending on the level of Voltage applied, liquid crystal 
modulates light, enabling grayscale display. If an electro 
optical device is in a normally white mode, the transmittance 
to incident light decreases according to Voltage applied in 
units of pixels, and if the electro-optical device is in a 
normally black mode, the transmittance to incident light 
increases according to Voltage applied in units of pixels. As 
a result, light with a contrast according to image signals is 
emitted from the whole electro-optical device. 
0050 Here, in order to prevent the maintained pixel 
signals S1, S2, ..., and Sn from leaking, a storage capacitor 
70 is added parallel to a liquid crystal capacitor which is 
formed between each of the pixel electrodes 9a and the 
counter electrode 21 (refer to FIGS. 1 and 2). This storage 
capacitor 70 includes a capacitor line 300 which is provided 
parallel to a scanning line 3a, and includes a fixed-potential 
side capacitor electrode and is set to a predetermined poten 
tial. This storage capacitor 70 improves the charge storage 
characteristics in each of the pixel electrodes. In addition, 
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the potential of the capacitor line 300 may be always fixed 
to one Voltage, or the potential may be fixed to a plurality of 
Voltages while it varies in predetermined cycles. 

0051 Next, the concrete configuration of a pixel portion 
in which the circuit operations as described above are 
implemented will be described with reference to FIGS. 4 and 
5. Here, FIG. 4 is a plan view showing the configuration of 
the liquid crystal device according to this embodiment, and 
FIG. 5 is a sectional view taken along the line A-A of FIG. 
4. In addition, Scales of individual layers and members in 
FIG. 5 are made different from each other so that the 
individual layers and members have recognizable sizes in 
the drawing. 

0052 Referring to FIG. 4, a plurality of pixel electrodes 
9a are provided in a matrix on the TFT array substrate 10 
(their contours are shown by dotted-line portions 9a), and 
the data lines 6a and the scanning lines 3a are provided 
along vertical and horizontal boundaries of the pixel elec 
trodes 9a, respectively. The data lines 6a are made of, for 
example, a metallic film or an alloy film, Such as an 
aluminum film, and the scanning lines 3a are made of, for 
example, a conductive polysilicon film. Further, each scan 
ning line 3a is arranged so as to face a channel region 1a of 
a semiconductor layer la marked by hatched line in the 
drawing, and this scanning line 3a functions as a gate 
electrode. That is, the pixel-switching TFTs 30 in which a 
main line portion of each scanning line 3a, serving as a gate 
electrode, is arranged to face the channel region 1a' are 
provided at intersecting points of the scanning lines 3a and 
the data lines 6a. 

0053 As shown in FIG. 5, the liquid crystal device 
according to this embodiment includes a transparent TFT 
array substrate 10 and a transparent counter substrate 20 
arranged to face the array substrate. The TFT array substrate 
10 is, for example, a quartz. Substrate, a glass Substrate, or a 
silicon substrate, and the counter substrate 20 is, for 
example, a glass Substrate or a quartz. Substrate. The TFT 
array substrate 10 is provided with pixel electrodes 9a, and 
an alignment film 16 which has been subjected to predeter 
mined aligning treatment, such as rubbing treatment, is 
provided on the pixel electrodes. Among these, the pixel 
electrodes 9a are made of, for example, transparent conduc 
tive films, such as an ITO (Indium-Tin Oxide) film. The 
counter substrate 20 is provided over the entire surface of the 
TFT array substrate 10 with a pixel electrode 21, and an 
alignment film 22 which has been subjected to predeter 
mined aligning treatment, such as rubbing treatment, is 
provided under the counter electrode. Among these, the 
counter electrode 21 is made of for example, transparent 
conductive films, such as an ITO film, similarly to the 
above-mentioned pixel electrodes 9a, and the alignment 
films 16 and 22 are for example, transparent organic films, 
such as a polyimide film. The liquid crystal layer 50 takes a 
predetermined aligned State caused by the alignment films 
16 and 22 in a state where an electric field from the pixel 
electrodes 9a is not applied. 

0054 As shown in FIG. 5, each TFT 30 has an LDD 
(Lightly Doped Drain) structure, and it includes, as its 
components, a channel region 1a of a semiconductor layer 
1a whose channel is formed by an electrical field from a 
scanning line 3a which functions as a gate electrode as 
described above, for example, a scanning line 3a made of a 
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polysilicon film; a gate insulating film 2 including a gate 
insulating film which insulates the scanning line 3a from the 
semiconductor layer la; and a lightly doped source region 
1b, a lightly doped drain region 1C, a highly doped drain 
region 1d, and a highly doped source region 1e in the 
semiconductor layer 1 a. 
0055. In addition, although the TFT30 preferably has the 
LDD structure as shown in FIG. 5, the TFT may have an 
offset structure in which impurities are not implanted into 
the lightly doped source region 1b and the lightly doped 
drain region 1C, or may be a self-alignment-type TFT in 
which impurities are implanted in high concentrations by 
using a gate electrode composed of a part of the scanning 
line 3a as a mask to form a highly doped source region and 
a highly doped drain region in a self-alignment manner. 
Further, although a single-gate structure in which only one 
gate electrode of the pixel-switching TFT 30 is arranged 
between the highly doped source region 1d and the highly 
doped drain region 1e has been described in this embodi 
ment, two or more gate electrodes may be arranged ther 
ebetween. In this way, if a TFT is constituted with dual gates 
or triple gates, leak of a current at junctions between a 
channel and Source and drain regions can be prevented, and 
the current at the time of OFF can be reduced. Furthermore, 
the semiconductor layer 1a which constitutes the TFT 30 
may also be a non-single-crystal layer or a single-crystal 
layer. Known methods, such as a bonding method, can be 
used for formation of the single-crystal layer. By making the 
Semiconductor layer 1a into a single-crystal layer, particu 
larly the performance of a peripheral circuit can be 
enhanced. 

0056. In the meantime, in FIG. 5, a storage capacitor 70 
is formed by arranging a relay layer 71 as a pixel-potential 
side capacitor electrode, which is connected to the highly 
doped drain region 1e and the pixel electrode 9a of the TFT 
30, and a part of a capacitor line 300 as a fixed-potential-side 
capacitor electrode so that they face each other with a 
dielectric film 75 therebetween. 

0057 The capacitor line 300 is made of a metal, an alloy, 
metal silicide, polysilicide, and laminates thereof, which 
contain at least one of for example, high-melting-point 
metals, such as Ti (titanium), Cr (chromium), W(tungsten), 
Ta (tantalum), and Mo (molybdenum). Alternatively, the 
capacitor line may be made of an Al (aluminum) film. 
0058. The relay layer 71 is made of, for example, a 
conductive polysilicon film, and functions as a pixel-poten 
tial-side capacitor electrode. However, the relay layer 71 
may be made of a single-layer film or a multilayer film 
containing a metal or an alloy similarly to the capacitor line 
300 as will be described below. The relay layer 71 has a 
function of relay-connecting the pixel electrodes 9a and the 
highly doped drain region 1e of the TFT30 via contact holes 
83 and 85 in addition to its function as a pixel-potential-side 
capacitor electrode. In particular, the contact hole 85 is a 
self-alignment contact hole surrounded by sidewalls as will 
be described in detail below. 

0059. The capacitor line 300 functions as a fixed-poten 
tial-side capacitor electrode which is arranged to face the 
relay layer 71. When this capacitor line 300 is seen in plan 
view, as shown in FIG. 4, it is formed so as to overlap a 
formation area of a scanning line 3a. More specifically, the 
capacitor line 300 includes a main line portion extending 
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along a scanning line 3a, and a protruding portion protruding 
upwardly along a data line 6a from each of the points where 
the capacitor line intersects data lines 6a in the drawing. 
Among these, a protruding portion contributes to an increase 
in the formation area of the storage capacitor 70 using a 
region on the scanning line 3a and a region under the data 
line 6a. Further, the capacitor line 300 preferably extends 
from an image display region 10a where a pixel electrode 9a 
is arranged in its periphery, and it is electrically connected 
to a constant-potential source so as to have a fixed potential. 
AS Such a constant-potential source, for example, constant 
potential sources. Such as a power source Supplied to the 
data line driving circuit 101 are sufficient, and a counter 
electrode potential supplied to the counter electrode 21 of 
the counter substrate 20 is also available. 

0060. The dielectric film 75, as shown in FIG. 5, is made 
of silicon oxide films, such as a relatively thin HTO (High 
Temperature Oxide) film with a film thickness of about 5 to 
200 nm, and an LTO (Low-Temperature Oxide) film, or a 
silicon nitride film. As long as the reliability of a film is fully 
ensured from a viewpoint of increasing the capacity of the 
storage capacitor 70, a thinner dielectric film 75 is better. 
0061 As such, particularly in this embodiment, the relay 
layer 71 constitutes an example of “the other of a pair of 
electrodes' according to the invention, and the capacitor line 
300 constitutes an example of “one of a pair of electrodes' 
according to the invention. 
0062) In FIGS. 4 and 5, in addition to the above, a lower 
light-shielding film 11a is provided below the TFT 30. The 
lower light-shielding film 11a is patterned in a lattice, which 
defines an opening region of each pixel. The lower light 
shielding film 11a is made of single-layer films or multilayer 
films containing a metal or an alloy, similarly to the above 
mentioned capacitor line 300. In addition, the opening 
regions are also defined by the data lines 6a in FIG. 4, and 
the capacitor lines 300 formed so as to intersect the data 
lines. Further, the lower light-shielding film 11a may also 
extend from the image display region to its periphery for 
connection with a constant-potential source in order to avoid 
fluctuation of the potential thereof which has an adverse 
effect on the TFTs 30, similarly to the case of the above 
mentioned capacitor line 300. 
0063. Further, an underlying insulating film 12 is pro 
vided under the TFT 30. The underlying insulating film 12 
has a function to prevent characteristic of the pixel-switch 
ing TFT 30 from changing due to roughness caused at the 
time of surface polishing of the TFT array substrate 10, dirt 
remaining after cleaning, etc. because it is formed over the 
entire TFT array substrate 10, in addition to the function in 
which it interlayer-insulates the TFT 30 from the lower 
light-shielding film 11a. 
0064. In addition, a first interlayer insulating film 41 
through which a contact hole 81 which leads to the highly 
doped drain region 1e and a contact hole 83 which leads to 
the highly doped source region1d are bored is formed on the 
scanning line 3a. 
0065. A relay layer 71 and a capacitor line 300 are formed 
on the first interlayer insulating film 41, and a second 
interlayer insulating film 42 through which a contact hole 81 
which leads to the highly doped source region id and a 
contact hole 85 which leads to the relay layer 71 are bored, 
is formed on the relay layer and the capacitor line. 
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0066. In addition, a data line 6a is formed on the second 
interlayer insulating film 42, and a third interlayer insulating 
film 43 through which a contact hole 85 which leads to the 
relay layer 71 is bored is formed on the data line. 
0067 Next, the electric connection between a storage 
capacitor and a pixel electrode will be described in detail 
with reference to mainly FIG. 6 in addition to FIG. 5. Here, 
FIG. 5 is a partially enlarged view showing that the inside of 
a broken-line circle C1 of FIG. 5 is enlarged. In addition, 
scales of individual layers and members in FIG. 6 are made 
different from each other so that the individual layers and 
members have recognizable sizes in the drawing. 
0068 Referring to FIG. 6, the storage capacitor 70 is 
configured such that the relay layer 71 which functions as a 
pixel-potential-side capacitor electrode, the dielectric film 
75, and the capacitor line 300 which functions as a fixed 
potential-side capacitor electrode are laminated in this order 
on the first interlayer insulating film 41. The storage capaci 
tor 70 is electrically connected to the pixel electrode 9a 
arranged on the side of the upper layer via the contact hole 
85 which is bored through the second interlayer insulating 
film 42 and the third interlayer insulating film 43. 
0069 Particularly, this embodiment has a sidewall 250 
made of an insulating film, and the contact hole 85 is 
surrounded by the sidewall 250. 
0070 The sidewall 250 is provided on the inner wall of 
an opening 850 which is opened through the third interlayer 
insulating film 43, the second interlayer insulating film 42, 
the capacitor line 300, and the dielectric film 75. Further 
more, the relay layer 71 as a pixel-potential-side capacitor 
electrode is electrically connected to a conductive film 90 
which extends from the pixel electrode 9a arranged opposite 
the capacitor line 300 as a fixed-potential-side capacitor 
electrode (namely, on the side of the upper layer of the 
capacitor line 300) and made of ITO (Indium-Tin Oxide), 
etc., via the contact hole 85 surrounded by this sidewall 250. 
0071. The contact hole 85 is a self-alignment-type con 
tact hole formed simultaneously with formation of the 
sidewall 250, and is surrounded by the sidewall 250 so that 
short circuiting (that is, short) is not caused between the 
capacitor line 300 as a fixed-potential-side capacitor elec 
trode and the relay layer 71 as a pixel-potential-side capaci 
tor electrode. For this reason, the distance L1 along the TFT 
array substrate 10 between the conductive film 90 formed in 
the contact hole 85 and the capacitor line 300 as a fixed 
potential-side capacitor electrode is defined by the sidewall 
250. Therefore, the relay layer 71 can be electrically con 
nected to the conductive film 90 (i.e., pixel electrode 9a) 
located opposite (namely, on the side of the upper layer of 
the capacitor line 300) to the capacitor line 300 via the 
contact hole 85, while it does not make a short circuit with 
the capacitor line 300. Furthermore, since the contact hole 
85 is a self-alignment-type contact hole, positioning 
between a mask for forming a contact hole and a mask for 
forming a storage capacitor is not required. 

0072 Accordingly, when the relay layer 71 is electrically 
connected to the conductive film 90 (i.e., pixel electrode 9a) 
located opposite (namely, on the side of the upper layer of 
the capacitor line 300) to the capacitor line 300, since it is 
not necessary to provide a margin in consideration of any 
positional deviation between a plurality of masks, the side 
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wall 250 can be made as thin as possible. As a result, as 
compared with, for example, a case where a contact hole is 
formed using two kinds of mask, or a case where a contact 
hole adjacent to the storage capacitor 70 is formed with an 
insulating film therebetween, the area of the storage capaci 
tor 70 caused by forming the contact hole can be reduced. 
That is, a larger storage capacitor 70 can be formed on the 
TFT array substrate 10 of the same size. Otherwise, the size 
of the TFT array substrate 10 can be reduced. 
0073. Next, a manufacturing process of the liquid crystal 
device according to this embodiment will be described with 
reference to FIGS. 7 and 8. Here, FIGS. 7 and 8 are sectional 
views sequentially showing the laminated structure of the 
liquid crystal device in steps of the manufacturing process, 
with sections corresponding to those shown in FIG. 6. In 
addition, a manufacturing process of a contact hole for 
electric connection between the above-mentioned storage 
capacitor and pixel electrode in the liquid crystal device 
according to this embodiment will be described herein. In 
addition, description of the structure of individual layers to 
the first interlayer insulating film 41 is omitted. 
0074 First, in a step shown in FIG. 7A, a relay layer 71 
as a pixel-potential-side capacitor electrode, a dielectric film 
75, a capacitor line 300 as a fixed-potential-side capacitor 
electrode, a second interlayer insulating film 42, and a third 
interlayer insulating film 43 are laminated in order on the 
first interlayer insulating film 41. 
0075) Next, in a step shown in FIG. 7B, an opening 850 
which is opened through the third interlayer insulating film 
43, the second interlayer insulating film 42, the capacitor 
line 300, and the dielectric film 75 is formed by etching, etc. 
At this time, the relay layer 71 is exposed. 
0076) Next, in a step shown in FIG. 7C, an insulating film 
200 is laminated in a region including the opening 850, as 
seen in plan view, on the TFT array substrate 10. At this 
time, the insulating film 200 is also formed on the inner wall 
of the opening 850, and this portion forms a sidewall 250 as 
will be described below. 

0077 Next, in a step shown in FIG. 8A, anisotropic 
etching is performed on the insulating film 200 in the region 
including the opening 850, as seen in plan view, on the TFT 
array substrate 10. At that time, since the etching rate at the 
bottom of the opening 850 corresponding to the depth 
direction of etching is higher than that at the inner wall 
surface of the opening 850, a surface 71a of the relay layer 
71 can be exposed to the bottom of the opening 850, 
successfully leaving the insulating film 200 on the inner wall 
surface of the opening 850. That is, the relay layer 71 can be 
exposed, leaving the insulating film 200 on the inner wall of 
the opening 850, and successfully forming the sidewall 250. 
As a result, the self-alignment-type contact hole 85 sur 
rounded by the sidewall 250 can be bored. 
0078 Next, in a step shown in FIG.8B, a conductive film 
90. Such as ITO, is laminated on a region including a contact 
hole 85 and a region where a pixel electrode is to be formed. 
Thereby, a pixel electrode 9a is formed, and the pixel 
electrode 9a (i.e., conductive film 90) is electrically con 
nected to the relay layer 71 via the self-alignment-type 
contact hole 85. 

0079 According to the method of manufacturing a liquid 
crystal device described above, the above-mentioned liquid 
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crystal device of this embodiment can be manufactured. 
Particularly, since the contact hole 85 is a self-alignment 
type contact hole, as compared with, for example, a case 
where a contact hole is formed using two kinds of mask, or 
a case where a contact hole adjacent to the storage capacitor 
70 is formed with an insulating film therebetween, the 
amount of decrease in the area of the storage capacitor 70 
caused by forming the contact hole can be reduced. That is, 
a larger storage capacitor 70 can be formed on the TFT array 
substrate 10 of the same size. Otherwise, the size of the TFT 
array substrate 10 can be reduced. 
Second Embodiment 

0080 A liquid crystal device according to a second 
embodiment will be described with reference to FIGS. 9 and 
10. Here, FIG. 5 is a sectional view according to the second 
embodiment similar to FIG. 5, and FIG. 10 is a partially 
enlarged view showing the inside of the broken-line circle 
C2 of FIG. 9 is enlarged. 
0081. In addition, the same components in FIG. 9 and 
FIG. 10 as those according to the first embodiment shown in 
FIG. 1 to 8 are denoted by the same reference numerals, and 
the description thereof is omitted suitably. In addition, scales 
of individual layers and members in FIGS. 9 and 10 are 
made different from each other so that the individual layers 
and members have recognizable sizes in the drawing. 
0082) As shown in FIG. 9, the relay layer 71 may be 
arranged on the side of the upper layer of the capacitor line 
300, and electrically connected to the drain region 1e of the 
TFT 30 via a self-alignment-type contact hole 89. In addi 
tion, the relay layer 71 and the pixel electrode 9a is 
electrically connected to each other via a contact hole 87 
which is bored through the second interlayer insulating film 
42 and the third interlayer insulating film 43. 

0083. As enlarged and shown in FIG. 10, the storage 
capacitor 70 is configured such that the capacitor line 300 
which functions as a fixed-potential-side capacitor electrode, 
the dielectric film 75, and the relay layer 71 which functions 
as a pixel-potential-side capacitor electrode, are laminated in 
this order on the first interlayer insulating film 41. The 
storage capacitor 70 is electrically connected to the drain 
region 1e of the TFT 30 arranged on the side of the lower 
layer via the contact hole 89 which is bored through the 
dielectric film 75, the capacitor line 300, the first interlayer 
insulating film 41, and the insulating film 2. 

0084 As such, in this embodiment, the relay layer 71 
constitutes an example of “one of a pair of electrodes' 
according to the invention, and the capacitor line 300 
constitutes an example of “the other of a pair of electrodes' 
according to the invention. 
0085 Particularly, this embodiment has a sidewall 290 
made of an insulating film, and the contact hole 89 is 
surrounded by the sidewall 290. 
0086) The sidewall 290 is provided on the inner wall of 
an opening 890 which is opened through the dielectric film 
75, the capacitor line 300, the first interlayer insulating film 
41, and the insulating film 2. Furthermore, the relay layer 71 
as a pixel-potential-side capacitor electrode is electrically 
connected to the drain region 1e of the TFT 30 which is 
located opposite to the capacitor line 300 as a fixed-poten 
tial-side capacitor electrode (namely, on the side of the lower 
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layer of the capacitor line 300) via the contact hole 89 
surrounded by this sidewall 290. 
0087. The contact hole 89 is a self-alignment-type con 
tact hole formed simultaneously with formation of the 
sidewall 290, and is surrounded by the sidewall 290 so that 
short circuiting (that is, short) is not caused between the 
capacitor line 300 as a fixed-potential-side capacitor elec 
trode and the relay layer 71 as a pixel-potential-side capaci 
tor electrode. For this reason, the distance L1 along the TFT 
array substrate 10 between the portion of the relay layer 71 
formed in the contact hole 89, and the capacitor line 300 as 
a fixed-potential-side capacitor electrode is defined by the 
sidewall 290. Therefore, the relay layer 71 can be electri 
cally connected to the drain region 1e of the TFT 30 located 
opposite (namely, on the side of the lower layer of the 
capacitor line 300) to the capacitor line 300 via the contact 
hole 89, while it does not make a short circuit with the 
capacitor line 300. Furthermore, since the contact hole 89 is 
a self-alignment-type contact hole, positioning between a 
mask for forming a contact hole and a mask for forming a 
storage capacitor is not required. 

0088 Accordingly, when the relay layer 71 is electrically 
connected to the drain region 1e of the TFT 30 located 
opposite (namely, on the side of the lower layer of the 
capacitor line 300) to the capacitor line 300, since it is not 
necessary to provide a margin in consideration of any 
positional deviation between a plurality of masks, the side 
wall 290 can be made as thin as possible. As a result, as 
compared with, for example, a case where a contact hole is 
formed using two kinds of mask, or a case where a contact 
hole adjacent to the storage capacitor 70 is formed with an 
insulating film therebetween, the amount of decrease in the 
area of the storage capacitor 70 caused by forming the 
contact hole can be reduced. That is, a larger storage 
capacitor 70 can be formed on the TFT array substrate 10 of 
the same size. Otherwise, the size of the TFT array substrate 
10 can be reduced. 

Electronic Apparatus 

0089 Next, a case where the liquid crystal device which 
is the above-mentioned electro-optical device is applied to 
various kinds of electronic apparatuses will be described. 
0090 First, a projector using this liquid crystal device as 
a light valve will be described. FIG. 11 is a plan view 
showing an example of configuration of the projector. As 
shown in FIG. 11, a lamp unit 1100 composed of a white 
light Source. Such as a halogen lamp, is provided inside the 
projector 1102. Projection light emitted from this lamp unit 
1102 is separated into three primary colors of RGB by four 
mirrors 1106 and two dichroic mirrors 1108 which are 
arranged within a light guide 1104, and enters liquid crystal 
panels 1110R, 1110B, and 1110G as liquid crystal valves 
corresponding to the primary colors, respectively. 
0091. The configuration of the liquid crystal panels 
1110R, 1110B, and 1110G is the same as the above-men 
tioned liquid crystal device, and the panels are driven by the 
primary color signals of R, G, and B which are Supplied 
from an image signal processing circuit. The light modulated 
by these liquid crystal panels enters a dichroic prism 1112 
from three directions. In the dichroic prism 1112, the red (R) 
and blue (B) light components are refracted by 90 degrees, 
while the green (G) light component goes straight. Accord 
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ingly, images of individual colors are synthesized, and 
consequently, a color image is projected onto a screen via a 
projector lens 1114. 

0092. Here, when attention is paid to a display image by 
each of the liquid crystal panels 1110R, 1110B, and 1110G. 
it is necessary to mirror-reverse a display image by the liquid 
crystal panel 1110G with respect to display images by the 
liquid crystal panels 1110R and 1110B. 

0093. In addition, since light components corresponding 
to primary colors of red (R), green (G) and blue (B), 
respectively, are incident onto the liquid crystal valves 
100R, 100G, and 100B by the dichroic mirrors 1108, it is not 
necessary to provide any color filter. 

0094) Next, an example in which liquid crystal device is 
applied to a mobile personal computer will be described. 
FIG. 12 is a perspective view showing the configuration of 
this personal computer. Referring to FIG. 12, the computer 
1200 is composed of a main body 1204 provided with a 
keyboard 1202, and a liquid crystal display unit 1206. This 
liquid crystal display unit 1206 is constituted by adding a 
back light to the back of the above-mentioned liquid crystal 
device 1005. 

0.095. Furthermore, an example in which the liquid crys 
tal device is applied to a portable telephone will be 
described. FIG. 13 is a perspective view showing the con 
figuration of this portable telephone. In FIG. 13, the portable 
telephone 1300 is provided with a reflective liquid crystal 
device 1005 along with a plurality of operation buttons 
1302. The front of this reflective liquid crystal device 1005 
is provided with a front light, if necessary. 

0096. In addition to the electronic apparatuses described 
above with reference to FIGS. 11 to 13, liquid crystal 
television sets, view-finder-type or monitor-direct-viewing 
type video tape recorders, car navigation systems, pagers, 
electronic organizers, electronic calculators, word proces 
sors, work stations, video phones, POS (Point of Sale) 
terminals, apparatuses having a touch panel, and the like, 
can be exemplified. It is also needless to say that the liquid 
crystal device can be applied to these various electronic 
apparatuses. 

0097. Further, the invention can be applied to a reflective 
liquid crystal device (LCOS) which forms an element on a 
silicon substrate, a plasma display (PDP), a field emission 
type display (FED, SED), an organic EL display, a digital 
micromirror device (DMD), an electrophoresis device, etc. 
in addition to the liquid crystal device described in the 
above-mentioned embodiments. 

0098. The invention is not limited to the above-men 
tioned embodiments, but can be appropriately modified 
without departing from the subject matter and spirit of the 
invention read throughout the claims and specification. In 
accordance with Such a modification, a method of manufac 
turing a substrate for an electro-optical device, a Substrate 
for the electro-optical device, the electro-optical device, and 
an electronic apparatus including the same, a method of 
manufacturing a substrate for a semiconductor device, and a 
substrate for the semiconductor device also fall within the 
technical scope of the invention. 
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What is claimed is: 
1. An electro-optical device comprising, on a Substrate: 
a plurality of Scanning lines and a plurality of data lines 

which intersect one another; 
a plurality of pixel electrodes provided corresponding to 

the intersections of the plurality of scanning lines and 
the plurality of data lines; 

a storage capacitor in which a pair of electrodes, and a 
dielectric film are laminated; 

a sidewall made of a first insulating film provided on an 
inner wall of an opening which is opened through one 
of the pair of electrodes-and the dielectric film; and 

a first conductive film which is arranged opposite to one 
of the pair of electrodes as viewed from the other of the 
pair of electrodes, and electrically connected to the 
other of the pair of electrodes via a self-alignment 
contact hole which is formed in a self-alignment man 
ner simultaneously with the sidewall and surrounded by 
the sidewall. 

2. The electro-optical device according to claim 1, 
wherein the storage capacitor is configured Such that a 
pixel-potential-side electrode electrically connected to the 
pixel electrodes and a fixed-potential-side electrode con 
nected electrically to a constant potential, serving as the pair 
of electrodes, are laminated. 

3. The electro-optical device according to claim 1, 

wherein the plurality of pixel electrodes extend from the 
first conductive film, 

the storage capacitor is configured Such that the pixel 
potential-side electrode, the dielectric film, and the 
fixed-potential-side electrode are laminated in this 
order, and 

the pixel-potential-side electrode as the other of the pair 
of electrodes is electrically connected to the plurality of 
pixel electrodes electrically via the self-alignment con 
tact hole which is bored through the fixed-potential 
side electrode as the one of the pair of electrodes and 
the dielectric film. 

4. An electronic apparatus comprising an electro-optical 
device according to claim 1. 

5. A method of manufacturing an electro-optical device 
including, on a Substrate, a plurality of scanning lines and a 
plurality of data lines which intersect one another, a plurality 
of pixel electrodes provided corresponding to the intersec 
tions of the plurality of Scanning lines and the plurality of 
data lines, and storage capacitors which are electrically 
connected to the plurality of pixel electrodes, the method 
comprising: 

forming the storage capacitors such that a pixel-potential 
side electrode, a dielectric film, and a fixed-potential 
side electrode are laminated in this order; 

forming an interlayer insulating film on the storage 
capacitor; 

forming an opening which is bored through the fixed 
potential-side electrode, the dielectric film, and the 
interlayer insulating film Such that the pixel-potential 
side electrode is exposed; 
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laminating a first insulating film in a region including the 
opening, as seen in plan view, on the Substrate; 

boring a self-alignment contact hole Surrounded by a 
sidewall such that the pixel-potential-side electrode is 
exposed, while the sidewall made of the first insulating 
film is formed on the inner wall of the opening, by 
performing anisotropic etching on the first insulating 
film; and 

forming the pixel electrodes by laminating the first insu 
lating film in the region including the self-alignment 
contact hole, as seen in plan view, on the Substrate Such 
that the first conductive film is electrically connected to 
the pixel-potential-side electrode via the self-alignment 
contact hole. 
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6. A capacitor formed by laminating a pair of electrodes, 
and a dielectric film on a Substrate, and comprising a 
sidewall made of an insulating film provided on an inner 
wall of an opening which is bored through one of the pair of 
electrodes and the dielectric film, 

wherein the other of the pair of electrodes is electrically 
connected to a conductive film located opposite the one 
of the pair of electrodes via a self-alignment contact 
hole surrounded by the sidewall. 
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