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(54) Electro-optic device, method for fabricating the same, and electronic apparatus

(57) An electro-optic device includes a substrate
(10), data lines (6a) and scanning lines (3a) extending
so as to cross each other, pixel electrodes (9a) each ar-
ranged for one of a plurality of pixels defined by crossing
of the data lines (6a) and the scanning lines (3a) in plan
view of the substrate (10), thin film transistors (30) each
electrically connected to one of the pixel electrodes (9a),
and storage capacitors (70) each electrically connected

to one of the pixel electrodes (9a). Each of the storage
capacitors (70) is arranged above the corresponding thin
film transistor (30) so as to overlap at least a channel
region (1a’) of the thin film transistor (30) in plan view of
the substrate (10). The storage capacitors (70) each in-
clude a lower electrode (71) composed of a polysilicon
film, a dielectric film (75) and an upper electrode (300a)
stacked in this order from the bottom, the upper electrode
(300a) comprising a metal film (320).
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Description

[0001] The present invention relates to electro-optic
devices such as liquid crystal devices and methods for
fabricating the same. Furthermore, the invention relates
to a technical field of electronic apparatuses such as liq-
uid crystal projectors provided with the electro-optic de-
vices.
[0002] One type of electro-optic device is an electro-
optic device provided with pixel electrodes, scanning
lines for selectively driving the pixel electrodes, data
lines, and thin film transistors (TFTs) serving as pixel-
switching elements on a substrate, and these elements
are arranged so that active-matrix driving can be per-
formed. In addition, storage capacitors may be formed
between the TFTs and the pixel electrodes for achieving
high-contrast imaging. These components are formed on
a substrate at a high density for improving the pixel open-
ing ratio and miniaturizing the device (for example, see
JP-A-2002-156652).
[0003] Thus, electro-optic devices have been required
to achieve higher-quality display and to be further mini-
aturized and densified. Therefore, various measures in
addition to the above-mentioned methods have been tak-
en. For example, a light leakage current generated when
light enters a semiconductor layer of a TFT decreases
the display quality. In order to increase light resistance
of an electro-optic device, a light-shielding layer is dis-
posed along the circumference of the semiconductor lay-
er. Furthermore, a larger storage capacitor is preferable.
However, electro-optic devices are preferably designed
not to decrease their pixel opening ratio.
[0004] In the above-mentioned technologies, with an
increase in function or performance, a stacked structure
on a substrate becomes highly complicated. Further-
more, this results in a highly complicated fabricating proc-
ess and a decrease in fabricating yield. On the other
hand, simplification of a stacked structure on a substrate
and of a fabricating process may cause a capacitance of
the storage capacitor to be insufficient and a decrease
in the light-shielding property. This may cause techno-
logical problems such as a decrease in display quality.
[0005] An advantage of some aspects of the present
invention is to provide an electro-optic device in which
the capacitance of a storage capacitor is increased and,
simultaneously, the light-shielding property is improved
to allow high-quality image display, a method for fabri-
cating the same, and further an electronic apparatus pro-
vided with such an electro-optic device.
[0006] In order to solve the above-mentioned prob-
lems, an electro-optic device according to an aspect of
the invention includes a substrate, data lines and scan-
ning lines extending so as to cross each other, pixel elec-
trodes each arranged for one of a plurality of pixels de-
fined by crossing of the data lines and the scanning lines
in plan view of the substrate, thin film transistors each
electrically connected to one of the pixel electrodes, and
storage capacitors each electrically connected to one of

the pixel electrodes. Each of the storage capacitors is
arranged above the corresponding thin film transistor so
as to overlap at least a channel region of the thin film
transistor in plan view of the substrate. The storage ca-
pacitors each include a lower electrode composed of a
polysilicon film and an upper electrode composed of a
dielectric film and a metal film stacked in this order from
the bottom.
[0007] During the operation of the electro-optic device
according to the invention, the thin film transistor applies
a data signal from the data line to the pixel electrode in
the pixel area selected by the scanning line, and thereby
active-matrix driving can be performed. On this occasion,
the storage capacitor electrically connected to the pixel
electrode improves the electric potential retention prop-
erty of the pixel electrode and, thereby, high-contrast im-
age can be displayed.
[0008] In the invention, the storage capacitors each
include a lower electrode composed of a polysilicon film
and an upper electrode composed of a dielectric film and
a metal film stacked in this order from the bottom. In other
words, each of the storage capacitors has a metal-insu-
lator-semiconductor (MIS) structure in which a semicon-
ductor film, an insulating film, and a metal film are stacked
in this order. Therefore, the pressure resistance of the
storage capacitor can be increased and the occurrence
of a leakage current can be suppressed or prevented by
forming a high-temperature-deposited oxide (HTO) film
on a top surface of the lower electrode by oxidizing the
top surface or by stacking a dielectric film on the lower
electrode and firing the dielectric film to improve the fine-
ness. That is to say, since the lower electrode is com-
posed of a polysilicon film, the melting of the lower elec-
trode can be suppressed or prevented even if the lower
electrode is subjected to oxidization or firing which are
carried out at a relatively high temperature, unlike a case
in which the lower electrode is composed of a metal film
such as aluminum (Al).
[0009] In addition, the pressure resistance of the stor-
age capacitor is increased by forming the lower electrode
with a polysilicon film. Therefore, it is allowed to form the
dielectric film with a high-dielectric-constant material
(i.e., a high-k material) such as a silicon nitride film. That
is to say, a leakage current negligibly occurs or does not
occur at all even if the dielectric film is formed of a high-
dielectric-constant material because the pressure resist-
ance of the storage capacitor is increased by the oxidi-
zation, the formation of the high-temperature-deposited
oxide film, or the firing, unlike a case in which the lower
electrode is composed of a metal film. In other words,
the capacitance of the storage capacitor can be in-
creased by forming the dielectric film with a high-dielec-
tric-constant material while securing the pressure resist-
ance of the storage capacitor by the oxidization, the for-
mation of the high-temperature-deposited oxide film, or
the firing.
[0010] Furthermore, in the invention, each of the stor-
age capacitors is arranged above the corresponding thin
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film transistor so as to overlap at least a channel region
of the thin film transistor in plan view of a substrate. The
upper electrode of each storage capacitor is composed
of a metal film such as an aluminum film. Therefore, the
channel region of the thin film transistor can be shielded
from incident light from above by the upper electrode.
The upper electrode may be composed of a monolayer
or multilayer film composed of metals having a higher
light-shielding property, such as titanium (Ti), titanium
nitride (TiN), or tungsten (W), instead of aluminum. With
such a structure, the channel region of the thin film tran-
sistor can be further surely shielded from light by the up-
per electrode.
[0011] Since each of the storage capacitors has an
MIS structure as described above, the turn around time
(TAT) of the storage capacitor can be shortened by the
upper electrode composed of a metal film having a re-
sistance lower than that of a polysilicon film, compared
with a case in which both the upper electrode and the
lower electrode of the storage capacitor are composed
of a polysilicon film (i.e., a storage capacitor has a poly-
silicon-insulator-polysilicon (PIP) structure formed by
stacking a polysilicon film, an insulating film, and a poly-
silicon film in this order). In addition, since the upper elec-
trode of the storage capacitor is composed of a metal
film, a capacitor line supplying a constant potential to the
upper electrode can be integrally formed with the upper
electrode. In other words, the upper electrode can also
serve as a capacitor line. Here, if each upper electrode
is formed of a WSi-polycide film, warpage and cracking
occur in the upper electrode by a stress when the WSi-
polycide film is heated for alloying. Consequently, it be-
comes difficult for the upper electrode to serve as an
interconnection such as the capacitor line. However, in
the invention, since each of the upper electrodes is com-
posed of a metal film (i.e., a monolayer or multilayer of
metals), warpage and cracking negligibly occur or do not
occur at all. Therefore, the upper electrode and the ca-
pacitor line are not required to be electrically connected
to a conductive film via a contact hole passing through
an interlayer insulating film for insulating the conductive
film that is arranged in a different layer. Thus, it is not
necessary to form a redundant wiring structure such as
double wiring for reducing the resistance or preventing
a break of the upper electrode and the capacitor line.
That is to say, the upper electrode may be used as single
wiring. Therefore, the stacked structure can be relatively
simplified. With such a structure, the fabricating yield can
be increased and reliability of the device itself can be
improved.
[0012] In an electro-optic device according to an em-
bodiment of the invention, the optical density (OD) value
of the metal film may be preferably higher than 4.
[0013] In accordance with this embodiment, the OD
value of the metal film is higher than 4, namely, the light
transmittance of the metal film is less than 0.01 %. There-
fore, the upper electrodes each composed of a metal film
with a high light-shielding property can surely shield the

channel region of the corresponding thin film transistor.
In this connection, for example, the OD value of a WSi-
polycide film is about 1.2 (i.e., the light transmittance is
about 6.31%).
[0014] In an electro-optic device according to another
embodiment of the invention, the upper electrode may
contain a light-shielding metal.
[0015] In accordance with this embodiment, the upper
electrode arranged near a channel region of the thin film
transistor further securely shields the channel region
from incident light from above. Consequently, the light
leakage current in the thin film transistor can be de-
creased and thereby high-quality image display can be
realized.
[0016] In the embodiment in which the upper electrode
contains a light-shielding metal, the upper electrode may
contain at least one of titanium nitride (TiN), titanium (Ti),
and tungsten (W) as the light-shielding metal.
[0017] With such a structure, the upper electrode fur-
ther surely shields the channel region of the thin film tran-
sistor from incident light from above. Consequently, the
light leakage current in the thin film transistor can be de-
creased and thereby high-quality image display can be
realized.
[0018] In an embodiment in which the upper electrode
contains titanium nitride, the upper electrode may have
a stacked structure composed of a first light-shielding
layer of titanium nitride, a conductive layer of aluminum,
and a second light-shielding layer of titanium nitride
stacked in this order from the bottom.
[0019] With such a structure, the first and second light-
shielding layers composed of titanium nitride further sure-
ly shield the channel region of the thin film transistor from
incident light from above and, simultaneously, the con-
ductive layer composed of aluminum decreases the re-
sistance of the upper electrode.
[0020] An electro-optic device according to another
embodiment of the invention, each of the storage capac-
itors is arranged below the corresponding data line.
[0021] In accordance with this embodiment, the stor-
age capacitor can be arranged closer to the channel re-
gion of the thin film transistor. Therefore, the channel
region of the thin film transistor is further surely shielded
from incident light from above by the metal film of the
upper electrode.
[0022] In an electro-optic device according to another
embodiment of the invention, the dielectric film contains
at least one of silicon nitride (SiN), silicon oxide (SiO2),
tantalum oxide (Ta2O5) hafnium oxide (HfO2), and alu-
mina (Al2O3).
[0023] In accordance with this embodiment, the capac-
itance of the storage capacitor can be increased. In ad-
dition, the dielectric film may be composed of a material
having a dielectric constant equal to or higher than that
of silicon nitride. The dielectric film may be a monolayer
film composed of a high-dielectric-constant material or a
multilayer film composed of a plurality of high-dielectric-
constant materials. Furthermore, the dielectric film may
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be a multilayer film composed of a high-dielectric-con-
stant material and a material having a dielectric constant
lower than that of the high-dielectric-constant material.
[0024] In an electro-optic device according to another
embodiment of the invention, each of the storage capac-
itors is further provided with a high-temperature-depos-
ited oxide film on a top surface of the lower electrode.
[0025] In accordance with this embodiment, a leakage
current in the storage capacitor can be suppressed or
prevented by a high-temperature-deposited oxide film
formed by oxidizing a top surface of the lower electrode
or laying an HTO film on a top surface of the lower elec-
trode. That is to say, the pressure resistance of the stor-
age capacitor can be increased.
[0026] In a method for fabricating an electro-optic de-
vice according to an aspect of the invention, in order to
solve the above-mentioned problems, an electro-optic
device including a substrate, data lines and scanning
lines extending so as to cross each other, pixel electrodes
each arranged for one of a plurality of pixels defined by
crossing of the data lines and the scanning lines in plan
view of the substrate, thin film transistors each electrically
connected to one of the pixel electrodes, and storage
capacitors each composed of a lower electrode, a die-
lectric film, and an upper electrode stacked in this order
from the bottom thereof and each electrically connected
to one of the pixel electrodes is fabricated. The method
includes the steps of forming the scanning lines on the
substrate, forming each of the thin film transistors at a
region corresponding to an intersection of one of the data
lines and one of the scanning lines in plan view of the
substrate, forming each of the storage capacitors above
one of the thin film transistors so as to overlap at least a
channel region of the corresponding thin film transistor
in plan view of the substrate by stacking the lower elec-
trode composed of a polysilicon film and the upper elec-
trode composed of a dielectric film and a metal film in
this order from the bottom, forming each of the data lines
so as to intersect the scanning lines in plan view of the
substrate, and forming each of the pixel electrodes for
each pixel so as to be electrically connected to the cor-
responding storage capacitor.
[0027] In accordance with the method for fabricating
an electro-optic device according to an aspect of the in-
vention, the above-described electro-optic device ac-
cording to the invention can be fabricated. According to
the invention, each of the storage capacitors is formed
so as to have an MIS structure. Therefore, the dielectric
film can be formed with a high-dielectric-constant mate-
rial while achieving high pressure resistance of the stor-
age capacitor by oxidizing the lower electrode, forming
an HTO film, or firing the dielectric film. Thus, the capac-
itance of the storage capacitor can be increased. Fur-
thermore, the channel region of each thin film transistor
can be shielded from light by the corresponding upper
electrode. In addition, the upper electrode can be formed
as single wiring. Therefore, the fabricating process can
be relatively simplified and the fabricating yield can be

improved.
[0028] In a method for fabricating an electro-optic de-
vice according to an aspect of the invention, the step of
forming the storage capacitors further includes a step of
oxidizing a top surface of the lower electrode before
stacking the dielectric film.
[0029] In accordance with this embodiment, an HTO
film is formed on the top surface of the lower electrode
and thereby the pressure resistance of the storage ca-
pacitor can be increased.
[0030] In a method for fabricating an electro-optic de-
vice according to another aspect of the invention, the
step of forming the storage capacitors further includes a
step of firing the dielectric film before stacking the upper
electrode.
[0031] In accordance with this embodiment, the fine-
ness of the dielectric film is improved by the firing treat-
ment without melting of the upper electrode composed
of a metal film. Therefore, the pressure resistance of the
storage capacitor can be increased.
[0032] In a method for fabricating an electro-optic de-
vice according to another aspect of the invention, the
step of forming the storage capacitors uses an atomic
layer deposition method for forming the dielectric film.
[0033] In accordance with this embodiment, since the
dielectric film is formed by stacking a dielectric material
by atomic layer deposition (ALD), a thinner dielectric film
can be formed with high accuracy.
[0034] In a method for fabricating an electro-optic de-
vice according to another aspect of the invention, the
method further includes a step of forming an interlayer
insulating film on top surfaces of the upper electrodes by
a low-temperature plasma chemical vapor deposition
(CVD) method. The interlayer insulating film electrically
insulates between the upper electrodes and the data
lines.
[0035] In accordance with this embodiment, the inter-
layer insulating film may be formed, for example, using
a tetraethyl orthosilicate (TEOS) gas by a low-tempera-
ture plasma CVD method such as a plasma-enhanced
CVD (PECVD) method or a high-density plasma CVD
(HDPCVD) method, which are carried out at a low tem-
perature of lower than 500°C. Hence, heating to 500°C
or more is not required during the formation of the inter-
layer insulating film. Consequently, the lower electrode
composed of a metal film negligibly melts or does not
melt at all when the interlayer insulating film is formed.
[0036] In order to solve the above-mentioned prob-
lems, an electronic apparatus according to an aspect of
the invention is provided with the above-described elec-
tro-optic device according to the invention.
[0037] Since the electronic apparatus according to the
invention is provided with the electro-optic device accord-
ing to the invention described above, the electronic ap-
paratus can display high-quality images. Thus, in accord-
ance with the invention, various electronic apparatuses
such as a television, a mobile phone, an electronic per-
sonal organizer, a word processor, a viewfinder or mon-
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itor-direct-view video recorder, a workstation, a TV tele-
phone, a POS terminal, and a touch-panel device that
can display high-quality images are provided. Further-
more, image-forming apparatuses using electro-optic de-
vices as the exposure heads, such as a printer, a copier,
and a facsimile machine, which can display high-quality
images, are provided. In addition, as electronic appara-
tuses according to the invention, electrophoretic appa-
ratuses such as electronic paper and electron-emitter
displays such as a field emission display and a conduc-
tion electron-emitter display can be provided.
[0038] The functions and advantages of the invention
will be clarified by the embodiments described below.
[0039] The invention will be described by way of ex-
ample only with reference to the accompanying draw-
ings, wherein like numbers reference like elements.
[0040] FIG. 1 is a plan view illustrating the entire con-
figuration of a liquid crystal device according to a first
embodiment of the invention.
[0041] FIG. 2 is a cross-sectional view taken along the
line II-II in FIG. 1.
[0042] FIG. 3 is an equivalent circuit diagram illustrat-
ing various elements of pixels of a liquid crystal device
according to the first embodiment of the invention.
[0043] FIG. 4 is a plan view of a plurality of pixels ad-
jacent to each other of a liquid crystal device according
to the first embodiment of the invention.
[0044] FIG. 5 is a cross-sectional view taken along the
line V-V in FIG. 4.
[0045] FIG. 6 is a partially enlarged cross-sectional
view of a portion indicated by VI in FIG. 5.
[0046] FIG. 7 is a diagram showing a cross-sectional
configuration (1) of the liquid crystal device according to
the first embodiment of the invention, in relation to a se-
ries of fabrication steps.
[0047] FIGS. 8A to 8C are diagrams each showing a
cross-sectional configuration (2) of the storage capacitor
of the liquid crystal device according to the first embod-
iment of the invention, in relation to a series of fabrication
steps.
[0048] FIG. 9 is a diagram showing a cross-sectional
configuration (3) of the liquid crystal device according to
the first embodiment of the invention, in relation to a se-
ries of fabrication steps.
[0049] FIG. 10 is a diagram showing a cross-sectional
configuration (4) of the liquid crystal device according to
the first embodiment of the invention, in relation to a se-
ries of fabrication steps.
[0050] FIG. 11 is a plan view showing a structure of a
projector that is an electronic apparatus applied with an
electro-optic device according to the invention.
[0051] Hereinafter, embodiments of the present inven-
tion will be described by referring to the drawings. In the
embodiments described below, a TFT active-matrix driv-
ing type liquid crystal device having driving circuits is
used as an example of the electro-optic device according
to the invention.

First Embodiment

[0052] A liquid crystal device according to a first em-
bodiment of the invention will be described with reference
to FIGS. 1 to 6.
[0053] First, the entire configuration of the liquid crystal
device according to the embodiment will be described
with reference to FIGS. 1 and 2. FIG. 1 is a plan view of
the liquid crystal device according to the embodiment.
FIG. 2 is a cross-sectional view taken along the line II-II
of FIG. 1.
[0054] In the liquid crystal device according to the em-
bodiment shown in FIGS. 1 and 2, a TFT array substrate
10 and a counter substrate 20 are arranged to oppose
each other. A liquid crystal layer 50 is sealed between
the TFT array substrate 10 and the counter substrate 20.
The TFT array substrate 10 and the counter substrate
20 are bonded to each other with a sealing material 52
which is provided at a sealing region surrounding an im-
age display region 10a.
[0055] In FIG. 1, the counter substrate 20 is provided
with a frame-shaped light-shielding film 53 having a light-
shielding property along an inner circumference of the
sealing region where the sealing material 52 is disposed.
The frame-shaped light-shielding film 53 defines a frame-
shaped region of the image display region 10a. Among
the regions surrounding the image display region 10a, in
a region outside the sealing region where the sealing
material 52 is arranged, a data-line-driving circuit 101
and external-circuit-connecting terminals 102 are provid-
ed along a side of the TFT array substrate 10. In a region
inside the sealing region, along this side, a sampling cir-
cuit 7 is provided so as to be covered with the frame-
shaped light-shielding film 53. Further, scanning-line-
driving-circuits 104 are provided along two sides adjacent
to the side in such a manner that the scanning-line-driv-
ing-circuits 104 are covered with the frame-shaped light-
shielding film 53. In addition, vertically conducting termi-
nals 106 are disposed on the TFT array substrate 10 at
regions opposing four corners of the counter substrate
20. The vertically conducting terminals 106 connect both
substrates via a vertically disposed conducting material
107. With such a configuration, the TFT array substrate
10 and the counter substrate 20 are electrically conduct-
ed with each other.
[0056] Wiring lines 90 are provided on the TFT array
substrate 10 for electrically connecting the external-cir-
cuit-connecting terminals 102 to the data-line-driving cir-
cuit 101, the scanning-line-driving circuits 104, and the
vertically conducting terminals 106.
[0057] FIG. 2 illustrates a stacked structure formed on
the TFT array substrate 10. The stacked structure in-
cludes pixel-switching TFTs as driving elements and wir-
ing lines such as scanning lines and data lines. In the
image display region 10a, pixel electrodes 9a are provid-
ed above the pixel-switching TFTs and the wiring lines
such as the scanning lines and the data lines. A light-
shielding film 23 is formed on a surface of the counter
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substrate 20 at the side facing the TFT array substrate
10. Further, a counter electrode 21 made of a transparent
material such as indium tin oxide (ITO) is formed on the
light-shielding film 23 so as to oppose a plurality of pixel
electrodes 9a. The liquid crystal layer 50 is composed
of, for example, a liquid crystal mixture containing one or
more nematic liquid crystals and is in a predetermined
oriented state between the pair of oriented films.
[0058] Furthermore, although not shown here, in ad-
dition to the data-line-driving circuit 101 and the scan-
ning-line-driving-circuits 104, an inspection circuit or a
pattern for inspecting the quality of or defects in the liquid
crystal device during a fabrication process or before ship-
ment may be formed on the TFT array substrate 10.
[0059] Next, an electrical configuration of the pixel area
of the crystal liquid device according to the embodiment
will be described with reference to FIG. 3. FIG. 3 is an
equivalent circuit diagram illustrating various elements
and wiring lines of a plurality of pixels which are formed
in a matrix constituting an image display region of the
liquid crystal device.
[0060] In FIG. 3, the pixels arranged in a matrix con-
stituting the image display region 10a (see FIG. 1) of the
liquid crystal device according to the embodiment are
each provided with a pixel electrode 9a and a TFT 30 for
switching the pixel electrode 9a. A source of the TFT 30
is electrically connected to a data line 6a to which image
signals S1, S2, ..., Sn are supplied. The TFT 30 is an
example of the "thin film transistor" according to the in-
vention.
[0061] Further, a gate of the TFT 30 is electrically con-
nected to a scanning line 3a so that scanning signals G1,
G2, ..., Gm are applied in pulses to the scanning line 3a
at a predetermined timing in this line order. The pixel
electrode 9a is electrically connected to a drain of the
TFTs 30, and by closing the TFT 30, which serves as a
switching element, for a predetermined period, the image
signals S1, S2, ..., Sn supplied from the data line 6a are
written at a predetermined timing.
[0062] The image signals S1, S2, ..., Sn with a prede-
termined level, which are supplied to the liquid crystal of
the liquid crystal layer (see FIG. 2) via the pixel electrode
9a, are maintained for a predetermined period between
the pixel electrode and the counter electrodes 21 formed
on the counter substrate 20. The liquid crystal modulates
light and allows display of a grayscale image by changing
the alignment or order of molecular association according
to an applied voltage level. In a normally white mode,
transmittance with respect to incident light decreases ac-
cording to the applied voltage for each pixel. In a normally
black mode, transmittance with respect to incident light
increases according to the applied voltage for each pixel.
As a whole, light having a contrast corresponding to the
image signal is emitted from the liquid crystal device.
[0063] Here, in order to prevent the maintained image
signal from leaking, a storage capacitor 70 is provided in
parallel with a liquid-crystal capacitor formed between
the pixel electrode 9a and the counter electrode 21 (see

FIGS. 1 and 2). The storage capacitor 70 is provided
parallel with the scanning line 3a. The storage capacitor
70 has a fixed-potential-side capacitance electrode and
a capacitor line 300 which is fixed at a predetermined
potential. With this storage capacitor 70, the electric po-
tential retention property of each pixel electrode is im-
proved. The potential of the capacitor line 300 may be
fixed at a predetermined voltage level constantly or may
be fixed at a plurality voltage levels in an appropriate
cycle.
[0064] Next, a configuration of the pixel area for real-
izing the above-described operation will be specifically
described with reference to FIGS. 4 and 5. FIG. 4 is a
plan view of a plurality of pixels disposed to be adjacent
to one another on a TFT array substrate on which data
lines, scanning lines, pixel electrodes of a liquid crystal
device according to the embodiment are disposed. FIG.
5 is a cross-sectional view taken along the line V-V of
FIG. 4.
[0065] In FIG. 4, the pixel electrodes 9a are disposed
to form a matrix (the profile is defined by the dotted line
9a’) on the TFT array substrate 10. Data lines 6a and
scanning lines 3a are provided lengthwise and widthwise
along boundaries between the adjacent pixel electrodes
9a. The data lines 6a are composed of a metal film or an
alloy film of aluminum or the like. The scanning lines 3a
are composed of a conductive film such as a polysilicon
film. Each scanning line 3a is arranged so as to oppose
a channel region 1a’, which is indicated by lines slanting
upward to the right in FIG. 4, of a semiconductor layer
1a, and serves as a gate electrode. That is to say, a pixel-
switching TFT 30 is provided at each intersection of the
scanning line 3a and the data line 6a, and the main line
portion of the scanning line 3a is disposed so as to oppose
the channel region 1a’ as the gate electrode.
[0066] As shown in FIG. 5, the liquid crystal device
according to the embodiment is provided with a trans-
parent TFT array substrate 10 and a transparent counter
substrate 20 arranged so as to oppose each other. The
TFT array substrate 10 is a quartz substrate, a glass sub-
strate, or a silicon substrate, for example. The counter
substrate 20 is a glass substrate or a quartz substrate,
for example. Above the TFT array substrate 10, a pixel
electrode 9a is provided. On the upper surface of each
pixel electrode 9a, an oriented film 16 subjected to a pre-
determined orientation treatment such as a rubbing treat-
ment is provided. The pixel electrode 9a is made of, for
example, a transparent conductive film such as an ITO
film. On the counter substrate 20, a counter electrode 21
is disposed so as to cover the entirety of the counter
substrate 20 and, on the bottom surface of the counter
electrode 21, an oriented film 22 subjected to a prede-
termined orientation treatment such as a rubbing treat-
ment is disposed. Among them, the counter electrode 21
is made of a transparent conductive film such as an ITO
film, like the pixel electrode 9a. The oriented films 16 and
22 are made of a transparent organic film such as a poly-
imide film. The molecules of liquid crystal layer 50 are
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oriented in a predetermined state between the oriented
films 16 and 22 when an electric field from the pixel elec-
trode 9a is not applied.
[0067] As shown in FIG. 5, the TFT 30 has a lightly
doped drain (LDD) structure. The LDD structure is com-
posed of a scanning line 3a serving as a gate electrode
described above; a channel region 1a’ of a semiconduc-
tor layer 1a made of, for example, a polysilicon film in
which the channel is formed by an electric field from the
scanning line 3a; an insulating film 2 including a gate-
insulating film for providing insulation between the scan-
ning line 3a and the semiconductor layer 1a; and a low-
concentration source region 1b, a low-concentration
drain region 1c, a high-concentration source region 1d,
and a high-concentration drain region 1e formed in the
semiconductor layer 1 a.
[0068] The TFT 30 preferably has an LDD structure as
shown in FIG. 5, but may have an offset structure in which
the low-concentration source region 1b and the low-con-
centration drain region 1c are not doped with an impurity.
In addition, the TFT 30 may be a self-alignment-type TFT
in which a high-concentration source region and a high-
concentration drain region are formed in a self-aligning
manner by doping a high-concentration impurity using a
gate electrode composed of a part of the scanning line
3a as a mask. In this embodiment, a single-gate structure,
in which one gate electrode of the pixel-switching TFT
30 is arranged between the high-concentration source
region 1d and the high-concentration drain region 1e, is
employed, but more than one gate electrode may be ar-
ranged between the high-concentration source region 1d
and the high-concentration drain region 1e. By employing
a multi-gate TFT, such as a dual-gate or triple-gate TFT,
occurrence of a leakage current in junctions of a channel
region and a source or drain region can be prevented
and thereby an OFF current can be decreased. In addi-
tion, the semiconductor layer 1a constituting a TFT 30
may be either a non-single-crystal layer or a single-crys-
tal layer. The single-crystal layer can be formed by a
known method such as laminating. By employing a sin-
gle-crystal layer as the semiconductor layer 1a, the prop-
erties of peripheral circuits can be particularly improved.
[0069] In FIG. 5, the storage capacitor 70 is disposed
above the TFT 30 via a first interlayer insulating film 41.
The storage capacitor 70 is formed by the lower electrode
71 being connected to the high-concentration drain re-
gion le of the TFT 30 and the pixel electrode 9a and the
upper electrode 300a composed of a part of the capacitor
line 300 being disposed so as to oppose each other with
a dielectric film 75 therebetween.
[0070] The lower electrode 71 is made of a conductive
polysilicon film and is electrically connected to the high-
concentration drain region 1e of the TFT 30 via a contact
hole 83 opened in the first interlayer insulating film 41.
That is to say, the lower electrode 71 serves as a pixel-
potential-side capacitance electrode having the pixel po-
tential. The extending portion of the lower electrode 71
is electrically connected to the pixel electrode 9a via a

contact hole 85 passing through a third interlayer insu-
lating film 43 and a second interlayer insulating film 42.
In other words, the lower electrode 71 has a function as
an intermediary connection for electrically connecting the
pixel electrode 9a and the high-concentration drain re-
gion 1e of the TFT 30 through the contact holes 83 and
85, in addition to a function as a pixel-potential-side ca-
pacitance electrode. Further, an HTO film is disposed on
the lower electrode 71 as described below.
[0071] The interlayer insulating films 41, 42, and 43
are each made of, for example, non-doped silicate glass
(NSG). The interlayer insulating films 41, 42, and 43 may
be each made of silicate glass such as phospho-silicate
glass (PSG), boro-silicate glass (BSG), and boro-phos-
pho-silicate glass (BPSG); silicon nitride; or silicon oxide.
[0072] The dielectric film 75 is composed of a relatively
thin silicon nitride (SiN) film having a thickness of about
5 to 300 nm. From the viewpoint of increasing the capac-
itance of the storage capacitor 70, a thinner dielectric film
75 is preferable as long as the film retains sufficient re-
liability. In addition, the dielectric film 75 is subjected to
a firing treatment to increase fineness as described be-
low.
[0073] The upper electrode 300a is formed as a part
of the capacitor line 300 and serves as a fixed-potential-
side capacitance electrode disposed so as to oppose the
lower electrode 71. As shown in FIG. 4, the capacitor line
300 is formed at a region overlapping, in plan view, with
the region where the scanning line 3a is formed. More
specifically, the capacitor line 300 includes a main line
portion extending along the scanning line 3a, a protruding
portion extending from the intersection with the data line
6a upward, in the drawing, along the data line 6a, and a
notch portion slightly notched at a portion corresponding
to the contact hole 85. The protruding portion contributes
to increasing the area for forming the storage capacitor
70 by using the region above the scanning line 3a and
the region below the data line 6a. The capacitor line 300
extends from the image display region 10a, where the
pixel electrodes 9a are arranged, to the periphery regions
of the image display region 10a and is electrically con-
nected to a constant-potential source so as to be at a
constant potential. The constant-potential source may
supply a positive or negative potential to the data-line
driving circuit 101 or supply a counter electrode potential
to the counter electrode 21 of the counter substrate 20,
for example.
[0074] The storage capacitor according to the embod-
iment will now be described in detail with reference to
FIG. 6. FIG. 6 is a partially enlarged cross-sectional view
of a portion indicated by VI in FIG. 5.
[0075] As shown in FIG. 6, the storage capacitor 70
includes a lower electrode 71, a dielectric film 75, and an
upper electrode 300a stacked in this order from the bot-
tom. In addition, in this embodiment an HTO film 72 is
formed on the top surface of the lower electrode 71.
[0076] In this embodiment, the lower electrode 71 is
made of a conductive polysilicon film, and the upper elec-
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trode 300a is made of aluminum. That is to say, the stor-
age capacitor 70 has an MIS structure formed by stacking
a semiconductor film, an insulating film, and a metal film
in this order.
[0077] As shown in FIG. 6, in this embodiment, an HTO
film 72 is formed on the top surface of the lower electrode
71. The HTO film 72 is a high-temperature-deposited sil-
icon oxide film formed by oxidizing the top surface of the
lower electrode 71 made of a polysilicon film or by a low-
pressure CVD method. As a result of the thus-formed
HTO film 72 between the lower electrode 71 and the di-
electric film 75, the pressure resistance of the storage
capacitor 70 is increased. That is to say, the occurrence
of a leakage current in the storage capacitor 70 can be
suppressed or prevented. In this embodiment, since the
lower electrode 71 is made of a polysilicon film, the lower
electrode 71 negligibly melts or does not melt at all even
if the lower electrode 71 is subjected to oxidization which
is carried out at a relatively high temperature, unlike a
case in which the lower electrode 71 is made of a metal
film such as aluminum. Therefore, an HTO film in which
a leakage current is negligibly generated or is not gen-
erated at all can be formed on the top surface of the lower
electrode 71 (i.e., on the bottom surface of the dielectric
film 75).
[0078] Furthermore, in this embodiment, the fineness
of the dielectric film 75 is increased by firing, namely, the
pressure resistance of the storage capacitor 70 is in-
creased. Therefore, the occurrence of a leakage current
in the storage capacitor 70 can be suppressed or pre-
vented. Here, in this embodiment, since the lower elec-
trode 71 is made of a polysilicon film, the lower electrode
71 negligibly melts or does not melt at all even if the lower
electrode 71 is fired at a relatively high temperature, un-
like a case in which the lower electrode 71 is made of a
metal film such as aluminum. Therefore, the dielectric
film 75 can be fired to increase the pressure resistance
of the storage capacitor 70.
[0079] In addition, in this embodiment, the dielectric
film 75 is made of a SiN film, which is a high-dielectric-
constant material (i.e., high-k material), as described
above. In general, if a storage capacitor is constituted by
a dielectric film having a high dielectric constant, pres-
sure resistance is low and a leakage current is likely to
occur. However, in this embodiment, since the pressure
resistance is increased by the above-mentioned oxidiza-
tion or firing, a leakage current negligibly occurs or does
not occur at all even if the dielectric film 75 is made of a
silicon nitride film, unlike a case in which the lower elec-
trode 71 is composed of a metal film. In other words, in
this embodiment, since the lower electrode 71 is made
of a polysilicon film, the capacitance of the storage ca-
pacitor 70 can be increased by forming the dielectric film
75 with a silicon nitride film, which is a high-dielectric-
constant material, while securing the pressure resistance
of the storage capacitor 70 by the above-mentioned ox-
idization or firing. The dielectric film 75 may be a monol-
ayer film or a multilayer film composed of a high-dielec-

tric-constant material such as silicon oxide (SiO2), tan-
talum oxide (Ta2O5), hafnium oxide (HfO2), or alumina
(Al2O3), instead of silicon nitride (SiN). Further, the die-
lectric film 75 may be a multilayer film composed of a
high-dielectric-constant material and a material having a
dielectric constant lower than that of the high-dielectric-
constant material.
[0080] In FIG. 6, the upper electrode 300a (i.e., capac-
itor line 300) is a multilayer film having a stacked structure
composed of a first light-shielding layer 311, a conductive
layer 320, and a second light-shielding layer 312 stacked
in this order from the bottom.
[0081] The first light-shielding layer 311 and the sec-
ond light-shielding layer 312 are each made of a titanium
nitride (TiN) film. The conductive layer 320 is made of an
aluminum (Al) film.
[0082] As shown in FIG. 5, in this embodiment, the
storage capacitor 70 is arranged above the TFT 30 so
as to overlap at least the channel region 1a’ of the TFT
30 in plan view of the TFT array substrate 10. Therefore,
the channel region 1a’ of the TFT 30 can be shielded
from incident light from above by the upper electrode
300a composed of a metal film. In this embodiment, the
upper electrode 300a includes the first light-shielding lay-
er 311 and the second light-shielding layer 312 each com-
posed of a TiN film with a high light-shielding property as
described above. The optical density (OD) value of the
upper electrode 300a is higher than 4, namely, the light
transmittance is less than 0.01%. Therefore, the channel
region 1a’ of the TFT 30 can be surely shielded from light,
unlike a case in which the capacitor line 300 is made of
a WSi-polycide film having an OD value of about 1.2 (i.e.,
the light transmittance is about 6.31%). Further, the first
light-shielding layer 311 and the second light-shielding
layer 312 may be each made of a titanium (Ti) film or a
tungsten (W) film, instead of a TiN film. That is to say,
the upper electrode 300a may be a three-layer film having
a stacked structure composed of a Ti film, an A1 film,
and a Ti film stacked in this order or a stacked structure
composed of a W film, an A1 film, and a W film stacked
in this order. In addition, the upper electrode 300a may
have a simplified stacked structure, namely, a two-layer
film having a stacked structure in which any one of a TiN
film, a Ti film, and a W film and an A1 film are stacked.
[0083] Furthermore, in this embodiment, since the
storage capacitor 70 has an MIS structure as described
above, the turn around time (TAT) of the storage capac-
itor 70 can be shortened due to the upper electrode 300a
made of a metal film having a resistance lower than that
of a polysilicon film, compared with a case in which the
both the upper electrode 300a and the lower electrode
71 of the storage capacitor 70 are made of a polysilicon
film (i.e., a storage capacitor 70 has a PIP structure
formed by stacking a polysilicon film, an insulating film,
and a polysilicon film in this order). In addition, since the
upper electrode 300a of the storage capacitor 70 is made
of a metal film, the upper electrode 300a can be integrally
formed with the capacitor line 300. That is to say, the
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upper electrode 300a can also serve as a capacitor line
300. If the upper electrode 300a is made of, for example,
a WSi-polycide film, when the WSi-polycide film is heated
for alloying, a stress due to the alloying is applied to the
WSi-polycide film and thereby warpage and cracking oc-
cur in the upper electrode 300a. Consequently, it be-
comes difficult for the upper electrode 300a to serve as
a capacitor line 300. However, in this embodiment as
described by referring to FIG. 6, since the upper electrode
71 is made of a metal film, warpage and cracking negli-
gibly occur or do not occur at all. Therefore, the upper
electrode 300a and the capacitor line 300 are not required
to form a redundant wiring structure such as double wiring
for reducing the resistance or preventing a break of the
upper electrode 300a and the capacitor line 300, namely,
it is not necessary to electrically connect the upper elec-
trode 300a and the capacitor line 300 to a conductive film
via a contact hole passing through an interlayer insulating
film for insulating the conductive film arranged in a dif-
ferent layer. That is to say, the upper electrode 300a (or
the capacitor line 300) may be used as single wiring.
Therefore, the stacked structure on the TFT array sub-
strate 10 can be relatively simplified. With such a struc-
ture, the fabricating yield can be increased and reliability
of the liquid crystal device itself can be improved.
[0084] As shown in FIG. 5, in this embodiment, the
storage capacitor 70 is arranged below the correspond-
ing data line 6a described below. That is to say, the stor-
age capacitor 70 is arranged further closer to the channel
region 1a’ of the TFT 30. Therefore, the channel region
1a’ of the TFT 30 can be further surely shielded from
incident light from above by the upper electrode 300a
including the first light-shielding layer 311 and the second
light-shielding layer 312.
[0085] With reference to FIGS. 4 and 5, a lower light-
shielding film 11a is disposed below the TFT 30. The
lower light-shielding film 11a is patterned in a lattice,
thereby defining the aperture region of each pixel. Fur-
thermore, the lower light-shielding film 11a shields the
channel region 1a’ of the TFT 30 from reflected light from
below, such as backsurface reflection of the TFT array
substrate 10 and light that is emitted from another liquid
crystal device of a double plate projector and passes
through a synthetic optical system. The lower light-shield-
ing film 11a is composed of a monolayer film or a multi-
layer film containing a metal or an alloy. The aperture
region is also defined by the data line 6a and the capacitor
line 300 that intersects the data line 6a in FIG. 4. Fur-
thermore, the lower light-shielding film 11a also extends
from the image display region 10a to the periphery re-
gions thereof and is connected to a constant potential
source in order to avoid negative influence on the TFT
30 by a change in the electric potential, as in the capacitor
line 300 described above.
[0086] As thus described above, in the liquid crystal
device according to the embodiment, since the storage
capacitor 70 has an MIS structure, the pressure resist-
ance can be increased by firing the dielectric film 75 or

oxidizing the lower electrode 71. Thus, the occurrence
of a leakage current can be suppressed or prevented. In
addition, the capacitance of the storage capacitor 70 can
be increased by using a high-dielectric-constant material.
As a result, flickering and unevenness in pixels are de-
creased or, preferably, eliminated and thereby high-qual-
ity images can be displayed.

Fabrication method

[0087] A method for fabricating the liquid crystal device
according to the above-described embodiment will now
be described with reference to FIGS. 7 to 10. FIGS. 7 to
10 are diagrams showing a cross-sectional configuration
of the liquid crystal device according to the embodiment,
in relation to a series of fabrication steps. FIGS. 7, 9, and
10 show views that correspond to the cross-sectional
views of a pixel area shown in FIG. 5. FIGS. 8A to 8C
are views that correspond to the partially enlarged cross-
sectional views of a storage capacitor shown in FIG. 6.
Here, a process for fabricating a storage capacitor of the
liquid crystal device according to the embodiment will be
mainly described.
[0088] First, as shown in FIG. 7, in an image display
region 10a, each layer from a lower light-shielding film
11a to a first interlayer insulating film 41 are formed on
a TFT array substrate 10. On this occasion, the lower
light-shielding film 11a is patterned in a lattice. A base
insulating film 12 and a first interlayer insulating film 41
are formed so as to cover the entire area of the TFT array
substrate 10. The base insulating film 12 is formed of a
silicate glass film such as NSG, PSG, or BSG, a nitride
film, or a silicon oxide film by an atmospheric pressure
or reduced pressure CVD method using a tetraethyl or-
thosilicate (TEOS) gas, a tetraethyl borate (TEB) gas, or
a tetramethyl oxyphosrate (TMOP) gas. The thickness
of the base insulating film 12 is, for example, about 500
to 2000 nm, preferably about 800 nm. A TFT 30 is formed
at a region corresponding to an intersection of the scan-
ning line 3a and the data line 6a that is formed later. In
the process for forming the TFT 30, an annealing treat-
ment or a heating treatment for annealing is carried out
to improve properties of the TFT 30. The temperature for
the annealing on this occasion is about 900°C to 1300°C,
preferably about 1000°C. The first interlayer insulating
film 41 is formed of a silicate glass film such as NSG,
PSG, or BSG, a nitride film, or a silicon oxide film by an
atmospheric pressure or reduced pressure CVD method
using a TEOS gas, a TEB gas, or a TMOP gas. The
thickness of the first interlayer insulating film 41 is, for
example, about 500 to 2000 nm, preferably about 800
nm. On this occasion, preferably, an annealing treatment
at a high temperature of about 800°C is carried out to
improve the quality of the first interlayer insulating film
41. Each process can be conducted by known semicon-
ductor integration technology. In addition, the surface of
the first interlayer insulating film 41 may be planarized
by chemical mechanical polishing (CMP).
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[0089] Then, a contact hole 83 is formed at a prede-
termined position of the surface of the first interlayer in-
sulating film 41 by etching so that the contact hole 83
reaches the high-concentration drain region 1e. Then, a
lower electrode 71 is formed on the first interlayer insu-
lating film 41 by forming a conductive polysilicon film hav-
ing a predetermined pattern. The lower electrode 71 is
connected to the high-concentration drain region le
through the contact hole 83.
[0090] Next, as shown in FIG. 8A, an HTO film 72 made
of a high-temperature-deposited silicon oxide film is
formed on the top surface of the lower electrode 71 com-
posed of a polysilicon film by oxidizing the surface of the
lower electrode 71 or an LP-CVD method.
[0091] Then, as shown in FIG. 8B, a dielectric film 75
is formed on the HTO film 72 by forming an SiN film by
an atomic layer deposition (ALD) method. On this occa-
sion, in this embodiment, the dielectric film 75 is subject-
ed to a firing treatment. Therefore, the fineness of the
dielectric film 75 can be improved and the pressure re-
sistance of the storage capacitor 70 can be increased.
In addition, in this embodiment, since the dielectric film
75 is formed by depositing a dielectric material by the
ALD method, the dielectric film 75 can be formed thinner
and with higher precision. In accordance with this em-
bodiment, the pressure resistance of the storage capac-
itor is increased by the formation of the HTO film 72 and
firing of the dielectric film 75, a leakage current negligibly
occurs or preferably does not occur at all even if the di-
electric film 75 is thin. That is to say, a storage capacitor
with high pressure resistance and large capacitance can
be formed. The dielectric film 75 may be composed of a
monolayer or multilayer film of a high-dielectric-constant
material such as SiO2, Ta2O5 HfO2, or Al2O3, instead of
SiN. In addition, the dielectric film 75 may be a multilayer
film composed of a high-dielectric-constant material and
a material having a dielectric constant lower than that of
the high-dielectric-constant material.
[0092] Then, as shown in FIG. 8C, an upper electrode
300a (or capacitor line 300) having a predetermined pat-
tern is formed. That is to say, first, a first light-shielding
layer 311 of a TiN film having a predetermined pattern is
formed on the dielectric film 75. Then, a conductive layer
320 of an A1 film with a predetermined pattern is formed
on the first light-shielding layer 311. Then, a second light-
shielding layer 312 of a TiN film having a predetermined
pattern is formed on the conductive layer 320. On this
occasion, the predetermined pattern of the upper elec-
trode 300a is formed so as to overlap at least the channel
region 1a’ of the TFT 30 in plan view of the TFT array
substrate 10. Therefore, the channel region 1a’ of the
TFT 30 can be surely shielded from light by the upper
electrode 300a containing the first light-shielding layer
311 and the second light-shielding layer 312.
[0093] Then, as shown in FIG. 9, in this embodiment,
a second interlayer insulating film 42 made of a silicate
glass film, such as NSG, PSG, or BSG, is formed by, for
example, a plasma CVD method performed at a temper-

ature lower than 500°C using a TEOS gas above the
entire area of the TFT array substrate 10. The thickness
of the second interlayer insulating film 42 is, for example,
about 400 nm. Thus, a heating treatment to a temperature
higher than 500°C is not necessary for forming the sec-
ond interlayer insulating film 42. Therefore, the upper
electrode 300a (or capacitor line 300) composed of a
metal film negligibly melts or preferably does not melt at
all when the second interlayer insulating film 42 is formed.
The second interlayer insulating film 42 may be formed
by a high-density plasma CVD method. Furthermore, the
surface of the second interlayer insulating film 42 may
be planarized by CMP.
[0094] Then, as shown in FIG. 10, a contact hole 92
is formed by etching a predetermined position of the sur-
face of the second interlayer insulating film 42 so as to
reach the high-concentration source region 1d. Next, a
data line 6a of an aluminum film having a predetermined
pattern is formed. The data line 6a is connected to the
high-concentration source region 1d through the contact
hole 92.
[0095] Then, a third interlayer insulating film 43 made
of BPSG is formed above the entire area of the TFT array
substrate 10. The thickness of the third interlayer insu-
lating film 43 is, for example, about 500 to 1500 nm, pref-
erably about 800 nm. The third interlayer insulating film
43 may be formed of silicate glass such as NSG, PSG,
or BSG; silicon nitride; or silicon oxide. Furthermore, the
surface of the third interlayer insulating film 43 may be
planarized by CMP.
[0096] Then, a contact hole 85 is formed by etching a
predetermined position of the surface of the third inter-
layer insulating film 43 so as to reach the extending por-
tion of the lower electrode 71. Next, a pixel electrode 9a
of a transparent conductive film, such as an ITO film, with
a predetermined pattern is formed. The pixel electrode
9a is connected to the extending portion of the lower elec-
trode 71 through the contact hole 85. Consequently, the
pixel electrode 9a is electrically connected to the high-
concentration drain region le via the extending portion of
the lower electrode 71.
[0097] In accordance with the method described
above, a liquid crystal device according to the above-
described embodiment can be fabricated. In the embod-
iment, since the storage capacitor 70 has an MIS struc-
ture, the dielectric film 75 can be formed with a high-
dielectric-constant material while securing the pressure
resistance of the storage capacitor 70 by oxidization of
the lower electrode 71, formation of an HTO film, or firing
of the dielectric film 75. Therefore, the capacitance of the
storage capacitor 70 can be increased. Furthermore, the
channel region 1a’ of the TFT 30 can be shielded from
light by the upper electrode 300a. In addition, the upper
electrode 300a can be formed as single wiring. Thus, the
fabrication process can be relatively simplified, and the
fabrication yield can be improved.
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Electronic apparatus

[0098] Application of the above-mentioned liquid crys-
tal device to various electronic apparatuses as an electro-
optic device will be described.
[0099] A projector using this liquid crystal device as a
light valve will now be described. FIG. 11 is a plan view
illustrating a configuration example of a projector. As
shown in FIG. 11, a lamp unit 1102 having a white-light
source such as a halogen lamp is disposed inside the
projector 1100. Projection light emitted from the lamp unit
1102 is divided into three primary colors of red, green,
and blue by four mirrors 1106 and two dichroic mirrors
1108 arranged in a light guide 1104. The divided light
rays enter liquid crystal panels 1110R, 1110G, and
1110B serving as light valves corresponding to the pri-
mary colors.
[0100] The configurations of the liquid crystal panels
1110R, 1110G, and 1110B are equivalent to that of the
above-described liquid crystal device. The liquid crystal
panels are driven by the respective primary color signals
R, G, and B supplied from an image signal processing
circuit. The light rays modulated in these liquid crystal
panels enter a dichroic prism 1112 from three directions.
In the dichroic prism 1112, while the light R and light B
are refracted 90 degrees, the light G advances straight.
Therefore, the respective color images are composed
and thereby a color image is projected onto a screen
through a projection lens 1114.
[0101] Here, in images displayed by the respective liq-
uid crystal panels 1110R, 1110G, and 1110B, the image
displayed by the liquid crystal panel 1110G is required
to be a mirror-reversed image with respect to the images
displayed by the liquid crystal panels 1110R and 1110B.
[0102] In addition, since three primary color light rays
R, G, and B enter the respective liquid crystal panels
1110R, 1110G, and 1110B by means of the dichroic mir-
ror 1108, color filters are not necessary.
[0103] Furthermore, it should be understood that, in
addition to the electronic apparatus described with ref-
erence to FIG. 11, the invention can be applied to various
electronic apparatuses such as a mobile personal com-
puter, a mobile phone, a liquid crystal television, a view-
finder or monitor-direct-view video recorder, a car navi-
gation apparatus, a pager, an electronic personal organ-
izer, a desk-top calculator, a word processor, a worksta-
tion, a TV telephone, a POS terminal, and a touch-panel
device. [00105] The foregoing description has been given
by way of example only and it will be appreciated by a
person skilled in the art that modifications can be made
without departing from the scope of the present invention.
Electro-optic devices provided with such modifications,
methods for fabricating the electro-optic devices, and
electronic apparatuses provided with the electro-optic
devices are also included in the technical scope of the
present invention.

Claims

1. An electro-optic device comprising:

a substrate;
data lines and scanning lines extending so as
to cross each other;
pixel electrodes each arranged for one of a plu-
rality of pixels defined by crossing of the data
lines and the scanning lines in plan view of the
substrate;
thin film transistors each electrically connected
to one of the pixel electrodes; and
storage capacitors each electrically connected
to one of the pixel electrodes, each of the storage
capacitors being arranged above the corre-
sponding thin film transistor so as to overlap at
least a channel region of the thin film transistor
in plan view of the substrate, each of the storage
capacitors including a lower electrode com-
posed of a polysilicon film and an upper elec-
trode composed of a dielectric film and a metal
film stacked in this order from the bottom.

2. The electro-optic device according to Claim 1,
wherein the optical density value of the metal film is
higher than 4.

3. The electro-optic device according to Claim 1,
wherein each of the upper electrodes contains a
light-shielding metal.

4. The electro-optic device according to Claim 3,
wherein each of the upper electrodes contains at
least one of titanium nitride, titanium, and tungsten
as the light-shielding metal.

5. The electro-optic device according to Claim 4,
wherein each of the upper electrodes has a stacked
structure composed of a first light-shielding layer of
titanium nitride, a conductive layer of aluminum, and
a second light-shielding layer of titanium nitride
stacked in this order from the bottom.

6. The electro-optic device according to any one of the
preceding Claims, wherein each of the storage ca-
pacitors is arranged below the corresponding data
line.

7. The electro-optic device according to any one of the
preceding Claims, wherein each of the dielectric
films contains at least one of silicon nitride, silicon
oxide, tantalum oxide, hafnium oxide, and alumina.

8. The electro-optic device according to any one of the
preceding Claims, wherein each of the storage ca-
pacitors further includes a high-temperature-depos-
ited oxide film on the top surface of the lower elec-
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trode.

9. A method for fabricating an electro-optic device that
includes a substrate; data lines and scanning lines
extending so as to cross each other; pixel electrodes
each arranged for one of a plurality of pixels defined
by crossing of the data lines and the scanning lines
in plan view of the substrate; thin film transistors each
electrically connected to one of the pixel electrodes;
and storage capacitors each composed of a lower
electrode, a dielectric film, and an upper electrode
stacked in this order from the bottom thereof and
each electrically connected to one of the pixel elec-
trodes, the method comprising the steps of:

forming the scanning lines on the substrate;
forming each of the thin film transistors at a re-
gion corresponding to an intersection of one of
the data lines and one of the scanning lines in
plan view of the substrate;
forming each of the storage capacitors above
one of the thin film transistors so as to overlap
at least a channel region of the corresponding
thin film transistor in plan view of the substrate
by stacking a polysilicon film as the lower elec-
trode and a dielectric film and a metal film as the
upper electrode in this order from the bottom;
forming each of the data lines so as to intersect
the scanning lines in plan view of the substrate;
and
forming each of the pixel electrodes for each pix-
el so as to be electrically connected to the cor-
responding storage capacitor.

10. The method for fabricating an electro-optic device
according to Claim 9, wherein the step of forming
the storage capacitors further includes a step of ox-
idizing a top surface of the lower electrode before
forming the dielectric film.

11. The method for fabricating an electro-optic device
according to Claim 9, wherein the step of forming
the storage capacitors further includes a step of firing
the dielectric film before stacking the upper elec-
trode.

12. The method for fabricating an electro-optic device
according to Claim 9, wherein each of the dielectric
films is formed by an atomic layer deposition method
in the step of forming the storage capacitors.

13. The method for fabricating an electro-optic device
according to any one of Claims 9 to 12, the method
further comprising the step of:

forming an interlayer insulating film by a low-
temperature plasma chemical vapor deposition
method on a top surface of each of the upper

electrodes for providing electrical insulation be-
tween the upper electrode and the data line.

14. An electronic apparatus, the electronic apparatus
being provided with the electro-optic device accord-
ing to any one of Claims 1 to 8.
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