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(54) Title of Invention 
 ELECTRO-OPTICAL DEVICE AND MANUFACTURING METHOD THEREFOR 
(57) Abstract 
Problem 
 To increase a light-blocking characteristic, thereby 
enabling the display of a bright, high-quality image in an 
electro-optical device such as a liquid-crystal device. 
Solution 
 An electro-optical device comprises, on a TFT 
array substrate (10), a pixel electrode (9a), a TFT (30) 
connected thereto, and a scan line (3a) connected thereto. 
The scan line has a main-body portion, which extends in a 
direction that crosses a longitudinal direction of a channel 
region of the TFT and includes a gate electrode of the TFT, 
which overlaps the channel region in plan view, and a 
protruding portion that protrudes on a side of a channel-
adjacent region, viewed in plan view, in the longitudinal 
direction of the channel region from the main-body portion. 
In addition, the electro-optical device comprises an upper-
side, light-shielding film (300, 6a), which covers the channel 
region from the upper side. The upper-side, light-shielding 
film is formed at least partially in a recessed shape, viewed 
from the channel region side, in a cross section that crosses 
the longitudinal direction of the channel region. 
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CLAIMS 

1. An electro-optical device comprising: 

 on a substrate: 

  a pixel electrode; 

  a thin-film transistor connected to the pixel 
electrode; and 

  a scan line connected to the thin-film 
transistor; 

 wherein: 

 the thin-film transistor comprises a semiconductor layer 
that includes a channel region, which extends in a longitudinal 
direction, and a channel-adjacent region, which further extends in 
the longitudinal direction from the channel region; and 

 the scan line has: a main-body portion that extends in a 
direction that crosses the longitudinal direction and includes a gate 
electrode of the thin-film transistor, which overlaps the channel 
region viewed in plan view; and a protruding portion, which 
protrudes from the main-body portion in the longitudinal direction 
on a side of the channel-adjacent region viewed in plan view. 

2. The electro-optical device according to claim 1, wherein the 
main-body portion and the protruding portion become integrated 
from the same film. 

3. The electro-optical device according to claim 1 or 2, wherein the 
main-body portion is formed with a wide width at a location that 
includes the gate electrode. 

4. The electro-optical device according to any one of claims 1–3, 
wherein the protruding portions are located on the source side and 
the drain side of each of the channel regions, viewed in plan view, 
and protrude on both sides of the channel-adjacent region. 

5. The electro-optical device according to any one of claims 1–4, 
wherein the scan line is constituted from a light-shielding film that 
contains a metal or an alloy. 

6. The electro-optical device according to claim 5, wherein the scan 
line has a multilayer structure of a metal film and a silicon film. 

7. The electro-optical device according to any one of claims 1–6, 
wherein the channel-adjacent region is constituted from an LDD 
(lightly doped drain) region or an offset region. 

8. An electro-optical device comprising: 

 on a substrate: 

  a pixel electrode; 

  a thin-film transistor connected to the pixel 
electrode; 

  a wiring connected to the thin-film transistor; 
and 

  an upper-side, light-shielding film, which 
covers at least a channel region of the thin-film transistor from the 
upper side; 

 wherein the upper-side, light-shielding film is formed in 
a recessed shape, viewed from the channel region side, in a cross 
section orthogonal to a longitudinal direction of the channel region. 

9. The electro-optical device according to claim 8, wherein the 
upper-side, light-shielding film is constituted from a portion of the 
wiring. 

10. The electro-optical device according to claim 8 or claim 9, 
wherein the upper-side, light-shielding film includes a 

capacitor electrode in order to impart storage capacitance to the 
pixel electrode. 

11. The electro-optical device according to any one of claims 8–10, 
wherein the upper-side, light-shielding film is constituted from a 
light-shielding film that contains a metal or an alloy. 

12. The electro-optical device according to any one of claims 8–11, 
wherein: 

 the thin-film transistor has a semiconductor layer that 
includes the channel region and a channel-adjacent region, which 
extends further in the longitudinal direction from the channel 
region; 

 the wiring includes a scan line; and 

 the scan line has: a main-body portion that extends in a 
direction that crosses the longitudinal direction and includes a gate 
electrode of the thin-film transistor, which overlaps the channel 
region viewed in plan view; and a protruding portion, which 
protrudes from the main-body portion in the longitudinal direction 
on a side of the channel-adjacent region viewed in plan view. 

13. The electro-optical device according to any one of claims 8–12, 
wherein: 

 a groove, which extends along the longitudinal direction 
on a side of the channel region, viewed in plan view, is formed in 
the substrate or in a base-insulating film on the substrate; and 

 the upper-side, light-shielding film is formed in the 
recessed shape corresponding to a step created by the groove. 

14. The electro-optical device according to any one of claims 8–12, 
further comprising: 

 on the substrate, an interlayer-insulating film that is 
located on the upper side of the channel region and on the lower 
side of the upper-side, light-shielding film; 

 wherein: 

 a groove, which extends along the longitudinal direction 
on a side of the channel region viewed in plan view, is formed in 
the interlayer-insulating film; and 

 the upper-side, light-shielding film is formed in the 
recessed shape corresponding to a step created by the groove. 

15. An electro-optical-device manufacturing method, in which the 
electro-optical device according to claim 13 is manufactured, 
comprising: 

 a process of carving the groove into the substrate or the 
base-insulating film; 

 a process of forming the semiconductor layer on the 
substrate into which the groove is carved; and 

 a process of forming the upper-side, light-shielding film 
on the upper side of the semiconductor layer. 

16. An electro-optical-device manufacturing method, in which the 
electro-optical device according to claim 14 is manufactured, 
comprising: 

 a process of forming the semiconductor layer on the 
substrate; 

 a process of forming the interlayer-insulating film on the 
upper side of the semiconductor layer; 

 a process of carving the groove into the interlayer-
insulating film; and 

 a process of forming the upper-side, light-shielding film 
on the interlayer-insulating film into which the groove is carved. 

DETAILED DESCRIPTION OF THE INVENTION 

[0001] 

TECHNICAL FIELD PERTAINING TO THE INVENTION 

 The present invention pertains to the technical field of 
active-matrix-drive-type electro-optical devices, and more 
particularly pertains to the technical field of an electro-optical 
device, which is of a form in which a pixel-switching, thin-film 
transistor (thin-film transistor; hereinbelow, called TFT as 
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appropriate) is provided in a layered structure on a substrate, and to 
a manufacturing method thereof. 

[0002] 

BACKGROUND ART 

 In an electro-optical device of the TFT active-matrix-
drive type, when incident light is radiated to a channel region of a 
pixel-switching TFT, which is provided to each pixel, photo-excited 
light-leakage current is generated, which changes the characteristics 
of the TFT. In particular, because the intensity of the incident light 
is high in the situation of an electro-optical device for light valves 
of a projector, it is important to shield the channel region of the 
TFT, and peripheral regions thereof, from the incident light. 
Accordingly, conventionally, a configuration is used in which such 
a channel region and the peripheral regions thereof are shielded 
from light by a light-shielding film that defines an aperture region 
for each pixel provided on an opposing substrate or by a data line 
that passes through above a TFT on a TFT array substrate and is 
composed of a metal film made of Al (aluminum) or the like. 
Furthermore, a light-shielding film composed of, for example, a 
refractory metal is sometimes provided also at a location opposing 
the lower side of the TFT on the TFT array substrate. If a light-
shielding film is provided also on the lower side of the TFT in this 
manner, then rear-surface reflected light from the TFT array 
substrate side or returning light—such as projected light that has 
penetrated from another electro-optical device through a prism or 
the like in the situation in which multiple electro-optical devices are 
combined via a prism or the like into one optical system—can be 
prevented from impinging upon the TFT of the electro-optical 
device. 

[0003] 

PROBLEMS TO BE SOLVED BY THE INVENTION 

 Nevertheless, each type of light-shielding technique 
described above has the following problems. 

[0004] 

 That is, first, according to a technique of forming a 
light-shielding film on the opposing substrate or on the TFT array 
substrate, the light-shielding film and the channel region are, 
viewed three-dimensionally, quite spaced apart across, for example, 
a liquid-crystal layer, an electrode, an interlayer-insulating film, and 
the like, and therefore shielding against the light that obliquely 
impinges upon both is not sufficient. In particular, in a compact 
electro-optical device used as a light valve of a projector, the 
incident light is a light beam in which light from a light source has 
been condensed by a lens and includes, to an extent that cannot be 
ignored, an obliquely impinging component (e.g., a component, 
which is oblique by approximately 10°–15° from the direction 
normal to the substrate, that is approximately 10%), and therefore 
there is the practical problem in that shielding against such oblique 
incident light is not sufficient. 

[0005] 

 In addition, there are also situations in which light that 
has penetrated into the electro-optical device from a region where 
there is no light-shielding film is reflected by an upper surface of 
the substrate, an upper surface of the light-shielding film formed on 
the upper surface of the substrate, a lower surface of the data line 
(i.e., an inner surface on the side facing the channel region), after 
which such reflected light or multiply reflected light, which is light 
that is further reflected by the upper surface of the substrate or the 
inner surface of the light-shielding film or the data line, ultimately 
adversely reaches the channel region of the TFT. 

[0006] 

 According to each type of conventional light-shielding 
technique described above, as higher definition or finer pixel pitch 
is achieved in electro-optical devices to meet the general demand 
for higher quality of display images particularly in recent years, and 

as the light intensity of incident light to display an even brighter 
image becomes stronger, there are problems in that it become even 
more difficult to implement sufficient light shielding, and, 
furthermore, flicker or the like due to changes in the transistor 
characteristics of the TFT occur, which adversely reduce the quality 
of the display image. 

[0007] 

 Note that, to increase such a light-blocking 
characteristic, it is also conceivable that it would be good to widen 
the formation region of the light-shielding film; however, if the 
formation region of the light-shielding film is widened, there is a 
problem in that it is fundamentally difficult to increase the aperture 
percentage of the pixels so as to improve the brightness of the 
display image. Furthermore, as described above, owing to the 
presence of the light-shielding film (i.e., the light-shielding film on 
the lower side of the TFT and the light-shielding film on the upper 
side of the TFT constituted from the data line, and the like), and 
taking into account that internally reflected light and multiply 
reflected light that are due to the oblique light are generated, the 
formation region of the light-shielding film is needlessly widened, 
and therefore there is also a difficult-to-solve problem in that this 
leads to an increase in such internally reflected light and multiply 
reflected light. 

[0008] 

 The present invention was conceived considering the 
problems described above, and an object of the present invention is 
to provide an electro-optical device that excels in its light-blocking 
characteristic and is capable of an image display that is bright and 
high quality, and to a manufacturing method thereof. 

[0009] 

MEANS FOR SOLVING THE PROBLEMS 

 To solve the aforementioned problems, a first electro-
optical device according to the present invention comprises: on a 
substrate: a pixel electrode; a thin-film transistor connected to the 
pixel electrode; and a scan line connected to the thin-film transistor. 
The thin-film transistor comprises a semiconductor layer that 
includes a channel region, which extends in a longitudinal direction, 
and a channel-adjacent region, which further extends in the 
longitudinal direction from the channel region. The scan line has: a 
main-body portion that extends in a direction that crosses the 
longitudinal direction and includes a gate electrode of the thin-film 
transistor, which overlaps the channel region viewed in plan view; 
and a protruding portion, which protrudes from the main-body 
portion in the longitudinal direction on a side of the channel-
adjacent region viewed in plan view. 

[0010] 

 According to the first electro-optical device of the 
present invention, by controlling the switching of the pixel 
electrode using the thin-film transistor connected thereto, drive can 
be performed by active-matrix drive. Furthermore, the scan line has 
a protruding portion that, in plan view, protrudes on a side of the 
channel-adjacent region along the channel-adjacent region from the 
main-body portion that includes the gate electrode of the thin-film 
transistor. Accordingly, the impingement upon the channel region 
and the channel-adjacent region of incident light that advances 
obliquely toward the substrate surface, the returning light, and the 
oblique light, such as internally reflected light and multiply 
reflected light based thereon, can be at least partially inhibited not 
only by the main-body portion of the scan line that includes the gate 
electrode but also by the absorption or reflection of light by the 
protruding portion in particular. At this time, in particular, by 
performing light shielding by the protruding portion disposed at a 
location at which the interlayer distance from the channel-adjacent 
region is extremely small (i.e., an interlayer location generally 
spaced apart by the thickness of the gate-insulating film), that light 
shielding can be performed extremely effectively. 

[0011] 

 For example, in the situation in which a lower-side, 
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light-shielding film is provided on the lower side of the thin-film 
transistor above the substrate, a configuration is obtained in which 
the channel-adjacent region and the channel region are sandwiched 
and held between the lower-side, light-shielding film, which has a 
relatively small interlayer distance, and the protruding portion, the 
main-body portion, or the like of the scan line, which functions as a 
light-shielding film; therefore, extremely high light-shielding 
performance is obtained with respect to the oblique light. 

[0012] 

 As a result, according to the first electro-optical device 
of the present invention, it becomes possible to increase the light-
blocking characteristic; even under a severe condition such as when 
strong incident light or returning light impinges, switching control 
of the pixel electrode can be performed satisfactorily by the thin-
film transistor, in which light-leakage current has been reduced, 
and, ultimately, according to the present invention, a bright, high-
contrast image can be displayed. 

[0013] 

 In one aspect of the first electro-optical device according 
to the present invention, the main-body portion and the protruding 
portion become integrated from the same film. 

[0014] 

 According to this aspect, when manufacturing the first 
electro-optical device, the protruding portion for light shielding can 
be formed in the step of forming the scan line, together with the 
main-body portion; therefore, no additional step for forming the 
protruding portion is needed. Accordingly, simplification of the 
layered structure on the substrate and the manufacturing process is 
achieved. 

[0015] 

 In another aspect of the first electro-optical device 
according to the present invention, the main-body portion is formed 
with a wide width at a location that includes the gate electrode. 

[0016] 

 According to this aspect, the main-body portion of the 
scan line is formed with a wide width at the location that includes 
the gate electrode, and therefore the light-shielding performance 
with respect to oblique light can be improved in the channel region 
or the channel-adjacent region by the main-body portion, which has 
a wide width. In addition, when the first electro-optical device is 
manufactured, in order to form a specific location of the main-body 
portion with a wide width in this manner, one needs only to add a 
slight modification to the planar pattern of the scan line, and no 
additional steps are needed. 

[0017] 

 In another aspect of the first electro-optical device 
according to the present invention, the protruding portions are 
located on the source side and the drain side of each of the channel 
regions, viewed in plan view, and protrude on both sides of the 
channel-adjacent region. 

[0018] 

 According to this aspect, a total of four of the protruding 
portions are provided on both sides on the source side and on both 
sides on the drain side for each thin-film transistor. Accordingly, 
owing to these protruding portions, the light-shielding performance 
can be improved with respect to the oblique light that impinges 
three dimensionally from various directions. 

[0019] 

 In another aspect of the first electro-optical device 
according to the present invention, the scan line is constituted from 
a light-shielding film that contains a metal or an alloy. 

[0020] 

 According to this aspect, the scan line is constituted 
from a light-shielding film that contains a metal or an alloy, and, 
more specifically, is constituted by layering an elementary metal, an 
alloy, a metal silicide, and a polysilicide that contains at least one of 
the refractory metals, for example, Ti (titanium), Cr (chromium), W 
(tungsten), Ta (tantalum), MO (molybdenum), Pb (lead), etc. 
Accordingly, owing to the main-body portion and the protruding 
portion of the scan line constituted from such a light-shielding film, 

the light-shielding performance with respect to oblique light can be 
further improved in the channel region and the channel-adjacent 
region. 
[0021] 
 However, even if the scan line is formed from a 
polysilicon film or the like instead of from such a light-shielding 
film, light-shielding performance is obtained corresponding to the 
light-absorption characteristic thereof. 
[0022] 
 In this aspect, the scan line may be configured to have a 
multilayer structure of a metal film and a silicon film. 
[0023] 
 If configured in this manner, satisfactory characteristics 
also as a gate electrode formed on the gate-insulating film of the 
thin-film transistor (e.g., the gate oxide film and the like) can be 
achieved while achieving high light-shielding performance owing 
to the main-body portion and the protruding portion. 
[0024] 
 In another aspect of the first electro-optical device 
according to the present invention, the channel-adjacent region is 
constituted from an LDD (lightly doped drain) region or an offset 
region. 
[0025] 
 According to this aspect, because the oblique light 
impinges upon the LDD region or the offset region, the situation in 
which the characteristics of the thin-film transistor change can be 
more effectively inhibited by the light shielding due to the 
protruding portion of the scan line. 
[0026] 
 To solve the aforementioned problems, a second electro-
optical device according to the present invention comprises: on a 
substrate: a pixel electrode; a thin-film transistor connected to the 
pixel electrode; a wiring connected to the thin-film transistor; and 
an upper-side, light-shielding film, which covers at least a channel 
region of the thin-film transistor from the upper side. The upper-
side, light-shielding film is formed in a recessed shape, viewed 
from the channel region side, in a cross section orthogonal to a 
longitudinal direction of the channel region. 
[0027] 
 According to the second electro-optical device of the 
present invention, by controlling the switching of the pixel 
electrode using the thin-film transistor connected thereto, drive can 
be performed by active-matrix drive. Furthermore, the upper-side, 
light-shielding film, which covers the channel region from the 
upper side, is at least partially formed in a recessed shape, viewed 
from the channel region side, in a cross section orthogonal to the 
longitudinal direction of the channel region (i.e., the lower side is 
formed in a recessed shape). Consequently, compared with the 
situation in which the upper-side, light-shielding film is flat, the 
ultimate impingement on the channel region, obliquely from the 
upper side, of the incident light that advances obliquely toward the 
substrate surface, and the oblique light, such as internally reflected 
light and multiply reflected light based on the incident light and the 
returning light, can be more effectively inhibited by the upper-side, 
light-shielding film. 
[0028] 
 For example, in the situation in which the lower-side, 
light-shielding film is provided on the lower side of the thin-film 
transistor on the substrate, because a configuration is obtained in 
which the channel region is sandwiched between the lower-side, 
light-shielding film and the upper-side, light-shielding film, 
extremely high light-shielding performance with respect to oblique 
light is obtained. At this time, the lower-side, light-shielding film 
may be at least partially formed in a recessed shape, viewed from 
the channel region side, in a cross section orthogonal to the 
longitudinal direction of the channel region such that the recesses 
and protrusions of the upper-side, light-shielding film described 
above are reversed up and down (i.e., the upper side may be formed 
in a recessed shape). 
[0029] 
 As a result, according to the second electro-optical 
device of the present invention, it becomes possible to increase the 
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light-blocking characteristic and, even under a severe condition 
such as being impinged by strong incident light or returning light, 
the switching of the pixel electrode can be satisfactorily controlled 
by the thin-film transistor, in which light-leakage current has been 
reduced; thereby, a bright, high-contrast image can ultimately be 
displayed by the present invention. 
[0030] 
 In one aspect of the second electro-optical device 
according to the present invention, the upper-side, light-shielding 
film is constituted from a portion of the wiring. 
[0031] 
 According to this aspect, the upper-side, light-shielding 
film not only functions as a light-shielding film but also functions 
as wiring, and thereby simplification of the layered structure on the 
substrate as a whole and the manufacturing process is achieved. For 
example, the wiring that concurrently serves as the upper-side, 
light-shielding film may be the scan line, may be the capacitor line, 
may be the data line, or may be a combination of these. 
[0032] 
 In another aspect of the second electro-optical device 
according to the present invention, the upper-side, light-shielding 
film includes a capacitor electrode in order to impart storage 
capacitance to the pixel electrode. 
[0033] 
 According to this aspect, the upper-side, light-shielding 
film not only functions as a light-shielding film but also functions 
as a capacitor electrode, and therefore simplification of the layered 
structure on the substrate as a whole and the manufacturing process 
is achieved, while storage capacitance is created on the substrate. 
For example, the capacitor electrode that serves concurrently as the 
upper-side, light-shielding film may be a pixel-potential-side 
capacitor electrode or may be a fixed-potential-side capacitor 
electrode. Particularly in the situation of a pixel-potential-side 
capacitor electrode, a relay layer that relay-connects the base-
insulating film and the pixel electrode may further serve double 
duty. It is noted that is also possible to constitute the upper-side, 
light-shielding film from a relay layer that is separate from such a 
capacitor electrode. 
[0034] 
 In another aspect of the second electro-optical device 
according to the present invention, the upper-side, light-shielding 
film is constituted from a light-shielding film that contains a metal 
or an alloy. 
[0035] 
 According to this aspect, the upper-side, light-shielding 
film is constituted from a light-shielding film that contains a metal 
or an alloy and, more specifically, is constituted by layering an 
elementary metal, an alloy, a metal silicide, and a polysilicide 
containing at least one of the refractory metals, for example, Ti, Cr, 
W, Ta, Mo, Pb, etc. Alternatively, the upper-side, light-shielding 
film may be constituted such that it has a multilayer structure of a 
metal film and a silicon film. Accordingly, the light-shielding 
performance with respect to oblique light can be improved in the 
channel region by such an upper-side, light-shielding film. 
[0036] 
 However, even if the upper-side, light-shielding film is 
formed from a polysilicon film or the like, light-shielding 
performance is obtained corresponding to the light-absorption 
characteristic thereof. 
[0037] 
 In another aspect of the second electro-optical device 
according to the present invention: the thin-film transistor has a 
semiconductor layer that includes the channel region and a channel-
adjacent region, which extends further in the longitudinal direction 
from the channel region; the wiring includes a scan line; and the 
scan line has: a main-body portion that extends in a direction that 
crosses the longitudinal direction and includes a gate electrode of 
the thin-film transistor, which overlaps the channel region viewed 
in plan view; and a protruding portion, which protrudes from the 
main-body portion in the longitudinal direction on a side of the 
channel-adjacent region viewed in plan view. 
[0038] 
 According to this aspect, because a configuration is 
obtained having both a light-shielding function due to the 
protruding portion of the scan line in the first electro-optical device 

of the present invention described above and a light-shielding 
function due to the upper-side, light-shielding film in the second 
electro-optical device, it becomes possible to increase the light-
blocking characteristic even more. 
[0039] 
 It is noted that the various aspects of the first electro-
optical device described above in the present invention and the 
various aspects of the second electro-optical device described above 
may be combined arbitrarily. 
[0040] 
  In another aspect of the second electro-optical device 
according to the present invention: a groove, which extends along 
the longitudinal direction on a side of the channel region, viewed in 
plan view, is formed in the substrate or in a base-insulating film on 
the substrate; and the upper-side, light-shielding film is formed in 
the recessed shape corresponding to a step created by the groove. 
[0041] 
 According to this aspect, by carving the groove at a 
prescribed location of the substrate or the base-insulating film, the 
upper-side, light-shielding film is formed in a recessed shape 
corresponding to the step created by that groove, and therefore the 
second electro-optical device having a relatively simple 
configuration can be achieved. 
[0042] 
 In another aspect of the second electro-optical device 
according to the present invention: on the substrate, an interlayer-
insulating film that is located on the upper side of the channel 
region and on the lower side of the upper-side, light-shielding film; 
wherein: a groove, which extends along the longitudinal direction 
on a side of the channel region viewed in plan view, is formed in 
the interlayer-insulating film; and the upper-side, light-shielding 
film is formed in the recessed shape corresponding to a step created 
by the groove. 
[0043] 
 According to this aspect, by carving the groove at a 
prescribed location of the interlayer-insulating film, the upper-side, 
light-shielding film is formed in a recessed shape corresponding to 
the step created by that groove, and thereby the second electro-
optical device having a relatively simple configuration can be 
achieved. 
[0044] 
 To solve the aforementioned problems, a first electro-
optical-device manufacturing method according to the present 
invention is an electro-optical-device manufacturing method, in 
which is manufactured the second electro-optical device according 
to the aspect wherein a groove is carved into the substrate or the 
base-insulating film of the present invention described above, that 
comprises: a process of carving the groove into the substrate or the 
base-insulating film; a process of forming the semiconductor layer 
on the substrate into which the groove is carved; and a process of 
forming the upper-side, light-shielding film on the upper side of the 
semiconductor layer. 
[0045] 
 According to the manufacturing method for the first 
electro-optical device of the present invention, first, if the groove is 
carved at a prescribed location of the substrate or the base-
insulating film and subsequently the upper-side, light-shielding film 
is formed on the upper side of the semiconductor layer, then the 
upper-side, light-shielding film is formed in a recessed shape 
corresponding to the step created by the groove, and therefore the 
second electro-optical device can be manufactured relatively 
simply. 
[0046] 
 To solve the aforementioned problems, a second electro-
optical-device manufacturing method according to the present 
invention is an electro-optical-device manufacturing method, in 
which is manufactured the second electro-optical device according 
to the aspect wherein a groove is carved into the interlayer-
insulating film of the present invention described above, that 
comprises: a process of forming the semiconductor layer on the 
substrate; a process of forming the interlayer-insulating film on the 
upper side of the semiconductor layer; a process of carving the 
groove into the interlayer-insulating film; and a process of forming 
the upper-side, light-shielding film on the interlayer-insulating film 
into which the groove is carved. 
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[0047] 
 According to the manufacturing method for the second 
electro-optical device of the present invention, first, if the groove is 
carved at a prescribed location of the interlayer-insulating film 
formed on the upper side of the semiconductor layer and 
subsequently the upper-side, light-shielding film is formed on the 
upper side of the interlayer-insulating film, then the upper-side, 
light-shielding film will be formed in a recessed shape 
corresponding to the step created by the groove, and therefore the 
second electro-optical device can be manufactured relatively 
simply. 
[0048] 

 Such functions and other advantages of the present 
invention will become apparent from the embodiments explained 
next. 

[0049] 

EMBODIMENTS OF THE INVENTION 

 An embodiment of the present invention will be 
explained below, based on the drawings. In the embodiment below, 
an electro-optical device of the present invention is applied to a 
liquid-crystal device. 

[0050] 

(Configuration of Pixel Portion of Electro-Optical Device) 

 First, the configuration of a pixel portion of the electro-
optical device according to the embodiment of the present invention 
will be explained, with reference to FIG. 1 to FIG. 3. FIG. 1 is an 
equivalent circuit of various elements, wiring, and the like in a 
plurality of pixels formed in a matrix constituting an image-display 
region of the electro-optical device. FIG. 2 is a plan view of a 
plurality of mutually adjacent pixel groups of a TFT-array substrate 
on which data lines, scan lines, pixel electrodes, and the like have 
been formed. FIG. 3 is a cross-sectional view taken along line A-A' 
in FIG. 2. It is noted that, in FIG. 3, to make the layers and 
members of a size such that they are recognizable in the drawing, 
the scale of each of those layers and each of those members has 
been made different. 

[0051] 

 In FIG. 1, a pixel electrode 9a and a TFT 30, which is 
for controlling the switching of the pixel electrode 9a, are formed in 
each pixel of the plurality of pixels formed in a matrix constituting 
the image-display region of the electro-optical device according to 
the present embodiment, and data lines 6a, to which image signals 
are supplied, are electrically connected to the source of each of the 
TFTs 30. Image signals S1, S2, …, Sn, which are written to the data 
lines 6a, may be supplied in that order sequentially by line or may 
be supplied by group to a plurality of the mutually adjacent data 
lines 6a. In addition, it is configured such that a scan line 3a is 
electrically connected to the gate of each of the TFTs 30, and scan 
signals G1, G2, …, Gm are impressed, sequentially by line in this 
order in a pulsed manner, on the scan lines 3a at a prescribed 
timing. The pixel electrodes 9a are respectively and electrically 
connected to the drains of the TFTs 30 and, by closing the switches 
of the TFTs 30, which are switching devices, at fixed intervals, the 
image signals S1, S2, …, Sn supplied from the data lines 6a are 
written at the prescribed timing. The image signals S1, S2, …, Sn 
of a prescribed level written in liquid crystal, as one example of an 
electro-optical substance, via the pixel electrodes 9a are held for a 
fixed interval between the liquid crystal and a counter electrode, 
which is formed on an opposing substrate (described below). The 
liquid crystal modulates the light by changing the alignment and 
order of the molecular assembly in accordance with the impressed 
voltage level, thereby enabling a gradated display. If in the 
normally white mode, then the transmittance of incident light is 
reduced, by pixel unit, in accordance with the impressed voltage, 
and if in the normally black mode, then the transmittance of 
incident light is increased, by pixel unit, in accordance with the 
impressed voltage, and thereby light having a contrast in 
accordance with the image signals is emitted from the electro-

optical device as a whole. Here, to prevent the held image signals 
from leaking, storage capacitances 70 are added in parallel to 
liquid-crystal capacitors formed between the pixel electrodes 9a and 
the counter electrodes. 

[0052] 

 In FIG. 2, the plurality of transparent pixel electrodes 9a 
(the outlines of which are indicated by dotted-line portions 9a') are 
provided in a matrix on the TFT-array substrate of the electro-
optical device, and the data lines 6a and the scan lines 3a are 
provided along each of the vertical and horizontal boundaries of the 
pixel electrodes 9a. 

[0053] 

 In addition, the scan line 3a is disposed such that it 
opposes a channel region 1a', indicated by a hatched area that rises 
to the right in the drawing, of the semiconductor layer 1a, and the 
scan line 3a functions as a gate electrode. In particular, in the 
present embodiment, the scan line 3a is formed with a wide width at 
the location at which it becomes the gate electrode, and has 
protruding portions 3b, which protrude, from the portion at which 
that wide width is formed, on both sides of the semiconductor layer 
1a extending along the data line 6a viewed in plan view (in FIG. 2, 
at four locations: the diagonally upper right, the diagonally upper 
left, the diagonally lower right, and the diagonally lower left of 
each of the channel regions 1a'). The configuration and the 
functions and effects of the protruding portions 3b are discussed in 
detail below, with reference to FIG. 4 to FIG. 8. 

[0054] 

 Thus, the pixel switching TFT 30, in which the scan line 
3a is disposed opposing the gate electrode in the channel region 1a', 
is provided at each location where the scan line 3a and the data line 
6a intersect. 

[0055] 

 As shown in FIG. 2 and FIG. 3, the storage capacitor 70 
is formed by disposing a relay layer 71, which serves as a pixel-
potential-side capacitor electrode and is connected to a high-density 
drain region 1e (and the pixel electrode 9a) of the TFT 30, and a 
portion of a capacitor line 300, which serves as a fixed-potential-
side capacitor electrode, such that they oppose each other with a 
dielectric film 75 interposed therebetween. 

[0056] 

 The capacitor line 300 constitutes one example of an 
upper-side, light-shielding film that is composed of a conductive 
light-shielding film, which contains, for example, a metal or an 
alloy, and that also functions as a fixed-potential-side capacitor 
electrode. The capacitor line 300 is constituted by, for example, 
layering an elementary metal, an alloy, a metal silicide, a 
polysilicide, or the like that contains at least one of the refractory 
metals Ti, Cr, W, Ta, Mo, Pb, etc. However, the capacitor line 300 
may have, for example, a multilayer structure in which are layered a 
first film, which is composed of a conductive polysilicon film or the 
like, and a second film, which is composed of a metal-silicide film 
or the like containing a refractory metal. 

[0057] 

 The relay layer 71 functions as a pixel-potential-side 
capacitor electrode composed of, for example, a conductive 
polysilicon film. In addition to functioning as a pixel-potential-side 
capacitor electrode, the relay layer 71 functions as a light-absorbing 
layer that serves as an upper-side, light-shielding film and is 
disposed between the capacitor line 300 and the TFT 30, and 
further functions to relay, and thereby connect, the pixel electrode 
9a and the high-density drain region 1e of the TFT 30. However, 
the relay layer 71 as well may be constituted from a monolayer film 
or a multilayer film that contains a metal or an alloy, similar to the 
capacitor line 300. 
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[0058] 

 The capacitor line 300 extends in a striped shape along 
the scan line 3a, viewed in plan view, and the location at which the 
capacitor line 300 overlaps the TFT 30 protrudes up/down in FIG. 
2. Furthermore, by forming the data line 6a, which extends in the 
longitudinal direction in FIG. 2, and the capacitor line 300, which 
extends in the latitudinal direction in FIG. 2, such that they 
mutually intersect, the upper-side, light-shielding film, which has a 
lattice shape viewed in a plan view, is configured above the TFT 30 
on a TFT array substrate 10 and defines an aperture region for each 
pixel. 

[0059] 

 Furthermore, in the present embodiment, particularly as 
shown in FIG. 3, a groove 12cv, which extends along the data line 
6a on both sides of the semiconductor layer 1a viewed in plan view, 
is carved into a base light-shielding film 12 (not shown in FIG. 2 in 
order to avoid making the drawing complicated) on the TFT array 
substrate 10; and layered thereupon and corresponding to the 
groove 12cv, the scan line 3a (including the protruding portion 3b), 
the relay layer 71, the capacitor line 300, and the data line 6a each 
include a portion in which a recessed shape is formed downward. 
The configuration and the functions and effects according to the 
groove 12cv, together with the configuration and the functions and 
effects of the protruding portion 3b of the scan line 3a, will be 
described in detail below, with reference to FIG. 4 to FIG. 8. 

[0060] 

 As shown in FIG. 2 and FIG. 3, a lower-side, light-
shielding film 11a is provided in a lattice shape on the lower side of 
the TFT 30 on the TFT array substrate 10. 

[0061] 

 Similar to the capacitor line 300, which constitutes one 
example of the upper-side, light-shielding film as described above, 
the lower-side, light-shielding film 11a is constituted by, for 
example, layering an elementary metal, an alloy, a metal silicide, or 
a polysilicide that contains at least one of the refractory metals Ti, 
Cr, W, Ta, Mo, Pb, etc. 

[0062] 

 In addition, in FIG. 3, the dielectric film 75, which 
serves as a capacitor electrode and is disposed between the relay 
layer 71 and the capacitor line 300, is constituted from a silicon-
oxide film, such as an HTO (high-temperature oxide) film or an 
LTO (low-temperature oxide) film, or from a silicon nitride film, or 
the like having a comparatively thin film thickness of, for example, 
approximately 5–200 nm. From the viewpoint of increasing the size 
of the storage capacitance 70, the thinner the dielectric film 75, the 
better, as long as sufficient film reliability is obtained. 

[0063] 

 In addition, the capacitor line 300 extends from and 
around the image-display region in which the pixel electrode 9a is 
disposed, is electrically connected to a constant-potential source, 
and has a fixed potential. Such a constant-potential source may be 
the constant-potential source of a positive power supply or a 
negative power supply supplied to a scan-line drive circuit 
(described below) for supplying to the scan line 3a a scan signal to 
drive the TFT 30 or supplied to a data-line drive circuit (described 
below) to control a sampling circuit that supplies an image signal to 
the data line 6a; or may also be a constant potential supplied to a 
counter electrode 21 of an opposing substrate 20. Furthermore, to 
avoid fluctuations in that potential from adversely affecting the TFT 
30, the lower-side, light-shielding film 11a as well should extend 
from and around the image-display region and be connected to the 
constant-potential source, in a similar manner as the capacitor line 
300. 

[0064] 

 The pixel electrode 9a relays the relay layer 71 and 

thereby is electrically connected to the high-density drain region 1e 
of the semiconductor layer 1a via the contact holes 83 and 85. That 
is, in the present embodiment, in addition to functioning as the 
pixel-potential-side capacitor electrode of the storage capacitor 70 
and functioning as a light-absorbing layer, the relay layer 71 
functions to relay, and thereby connect, the pixel electrode 9a to the 
TFT 30. Even if the interlayer distance is long, e.g., approximately 
2,000 nm, if the relay layer 71 is used in this manner, then both can 
be satisfactorily connected by two or more contact holes, in series, 
having relatively small diameters while avoiding the technical 
difficulty of connecting both with just one contact hole; thereby, it 
becomes possible to increase the pixel aperture ratio, and it is also 
helpful for preventing penetration of the etching when forming the 
contact holes. 

[0065] 

 In FIG. 2 and FIG. 3, the electro-optical device 
comprises the transparent TFT-array substrate 10 and the 
transparent opposing substrate 20, which is disposed opposing the 
TFT-array substrate 10, as shown in FIG. 3, which is a cross-
sectional view taken along line A-A' in FIG. 2. The TFT-array 
substrate 10 is composed of, for example, a quartz substrate, a glass 
substrate, or a silicon substrate, and the opposing substrate 20 is 
composed of, for example, a glass substrate or a quartz substrate. 

[0066] 

 As shown in FIG. 3, the pixel electrodes 9a are provided 
on the TFT-array substrate 10, and an alignment layer 16, on which 
a prescribed aligning process such as a rubbing process has been 
performed, is provided on the upper sides of the pixel electrodes 9a. 
The pixel electrodes 9a are composed of transparent conducting 
films such as, for example, ITO (indium tin oxide) films. In 
addition, the alignment layer 16 is constituted from, for example, an 
organic film such as a polyimide film. 

[0067] 

 Meanwhile, the counter electrode 21 is provided over 
the entire surface of the opposing substrate 20, and an alignment 
layer 22, on which a prescribed aligning process such as a rubbing 
process has been performed, is provided on the lower side thereof. 
The counter electrode 21 is composed of a transparent conducting 
film such as, for example, an ITO film. In addition, the alignment 
layer 22 is constituted from an organic film such as a polyimide 
film. 

[0068] 

 A lattice-shaped or stripe-shaped light-shielding film 
may be provided on the opposing substrate 20. By adopting such a 
configuration, the light-shielding film on the opposing substrate 20, 
together with the capacitor line 300 and the data line 6a that 
constitute the upper-side, light-shielding film as described above, 
can more reliably inhibit the incident light from the opposing 
substrate 20 side from penetrating the channel region 1a', a low-
density source region 1b, and a low-density drain region 1c. 
Furthermore, by forming such a light-shielding film on the 
opposing substrate 20 with a film in which at least the surface 
irradiated by the incident light is highly reflective, the light-
shielding film functions to prevent an increase in the temperature of 
the electro-optical device. Note that the light-shielding film formed 
on the opposing substrate 20 in this manner preferably is formed so 
as to be located inward of the light-shielding layer constituted by 
the capacitor line 300 and the data line 6a, viewed in plan view. 
Thereby, the effect of such light shielding and the effect of 
preventing an increase in temperature are obtained, without 
decreasing the aperture percentage of each pixel, owing to the light-
shielding film on the opposing substrate 20. 

[0069] 

 Liquid crystal, which is one example of an electro-
optical substance, is sealed in a space enclosed by a sealing material 
(described below) between the TFT array substrate 10 and the 
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opposing substrate 20, which are thus configured and disposed such 
that the pixel electrode 9a and the counter electrode 21 face each 
other, and thereby a liquid-crystal layer 50 is formed. In the state in 
which an electric field from the pixel electrode 9a is not being 
applied, the liquid-crystal layer 50 assumes a prescribed alignment 
state based on the alignment layers 16 and 22. The liquid-crystal 
layer 50 is composed of, for example, a liquid crystal of one type of 
nematic liquid crystal or a mixture of several types of nematic 
liquid crystals. The sealing material is an adhesive, which is 
composed of, for example, a photosetting resin or a thermosetting 
resin, for pasting the TFT array substrate 10 and the opposing 
substrate 20 together at their peripheries, and a gap material, which 
is made of glass fibers, glass beads, or the like for setting the 
distance between both substrates to a prescribed value, is mixed 
into the adhesive. 

[0070] 

 Furthermore, a base insulating film 12 is provided below 
the pixel-switching TFT 30. In addition to having the function of an 
interlayer that insulates the TFT 30 from the lower-side, light-
shielding film 11a, the base insulating film 12, being formed on the 
entire surface of the TFT-array substrate 10, has the function of 
preventing a deterioration in the characteristics of the pixel-
switching TFT 30 due to roughening during polishing of the surface 
of the TFT-array substrate 10, contamination remaining after 
rinsing, and the like. 

[0071] 

 In FIG. 3, the pixel-switching TFT 30 has an LDD 
(lightly doped drain) structure and comprises: the scan line 3a; the 
channel region 1a' of the semiconductor layer 1a, in which a 
channel is formed by the electric field from the scan line 3a; an 
insulating film 2 including a gate-insulating film that insulates the 
scan line 3a and the semiconductor layer 1a; the low-density source 
region 1b and the low-density drain region 1c of the semiconductor 
layer 1a; and a high-density source region 1d and the high-density 
drain region 1e of the semiconductor layer 1a. 

[0072] 

 A first interlayer insulating film 41, in which a contact 
hole 81 leading to the high-density source region 1d and the contact 
hole 83 leading to the high-density drain region 1e are formed, is 
formed on the scan line 3a. 

[0073] 

 The relay layer 71 and the capacitor line 300 are formed 
on the first interlayer insulating film 41, and a second interlayer 
insulating film 42, in which the contact hole 81 and the contact hole 
85 leading to the high-density source region 1d and the relay layer 
71 are formed, is formed on the first interlayer insulating film 41. 

[0074] 

 It is noted that, in the present embodiment, ions 
implanted into the polysilicon film that constitutes the 
semiconductor layer 1a and the scan line 3a may be activated by 
sintering the first interlayer insulating film 41 at 1,000°C. 
Meanwhile, stress generated in the vicinity of the boundary with the 
capacitor line 300 may be relaxed by not performing such sintering 
on the second interlayer insulating film 42. 

[0075] 

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

[0076] 

 In the present embodiment, the creation of steps in 
regions along the data line 6a and the scan line 3a on the base 
surface of the pixel electrode 9a (i.e., the surface of the third 

interlayer-insulating film 43) due in particular to the layering of the 
numerous electrically conductive layers of a prescribed pattern as 
shown in FIG. 3 is mitigated by a process of flattening the surface 
of the third interlayer-insulating film 43 (e.g., by polishing using a 
CMP (chemical-mechanical polishing) process or the like or by 
forming it flatly using organic SOG (spin-on glass)). In this 
manner, by mitigating the steps between regions where lines, 
elements, and the like are present and regions where they are not 
present, it is ultimately possible to reduce the incidence of image 
defects, such as alignment failures in the liquid crystal, caused by 
the steps. However, instead of or in addition to performing the 
process of flattening the third interlayer-insulating film 43 in this 
manner, a flattening process may be performed by carving a groove 
in at least one of the TFT array substrate 10, the base-insulating 
film 12, the first interlayer-insulating film 41, and the second 
interlayer-insulating film 42, and embedding the lines (such as the 
data line 6a), the TFT 30, and the like therein. 

[0077] 

(Shielding Scan Lines, Capacitor Lines, and Data Lines) 

 Next, the configuration and the functions and effects of 
the protruding portion 3b of the scan line 3a as well as the 
configuration and the functions and effects of the grooves 12cv 
carved into the base-insulating film 12 in the embodiment of the 
electro-optical device described above will be described in detail, 
with reference to FIG. 4 to FIG. 8. Here, FIG. 4 is a plan view that 
shows a snippet, from FIG. 2, of the grooves 12cv (indicated by 
hatched areas descending to the right in FIG. 4), which are carved 
into the protruding portion 3b of the scan line 3a and the base-
insulating film 12, together with the semiconductor layer 1a 
(indicated by chain lines in the drawing); FIG. 5 is a cross-sectional 
view taken along line B-B' in FIG. 4; and FIG. 6 is a cross-sectional 
view taken along line C-C' in FIG. 4. FIG. 7 is a cross-sectional 
view taken along line D-D' in FIG. 4, and FIG. 8 is a cross-sectional 
view taken along line B-B' in FIG. 4 according to a modified 
embodiment. 

[0078] 

 As shown in FIG. 4 to FIG. 7, the grooves 12cv are 
carved into the base-insulating film 12 along the data line 6a on 
both sides of the semiconductor layer 1a. The protruding portions 
3b of the scan line 3a are partially embedded within the grooves 
12cv; furthermore, the relay layer 71, the capacitor line 300, and the 
data line 6a are partially embedded, with the interlayer-insulating 
film 41, the interlayer-insulating film 42, and the like interposed 
therebetween. Thereby, the protruding portions 3b of the scan line 
3a, the capacitor line 300, and the data line 6a in each cross-
sectional view shown in FIG. 5 to FIG. 7 include portions formed in 
a recessed shape on the lower side and corresponding to the grooves 
12cv. 

[0079] 

 Accordingly, first, because the protruding portions 3b 
are provided on the scan line 3a, the impingement of the incident 
light advancing obliquely toward the substrate surface of the TFT 
array substrate 10, the returning light, and the oblique light—such 
as internally reflected light and multiply reflected light based 
thereon—upon the channel region 1a and adjacent regions thereof 
(i.e., the low-density source region 1b and the low-density drain 
region 1c) can be at least partially inhibited by absorption or 
reflection of light by not only the main-body portion of the scan 
line 3a functioning as the gate electrode but particularly by the 
protruding portions 3b. At this time, because light is blocked by the 
protruding portions 3b (and the main-body portion of the scan line 
3a) proximate to the semiconductor layer 1a, the blocking of light 
can be performed extremely effectively. 

[0080] 

 In addition, secondly, because the scan line 3a 
(including the protruding portions 3b), which functions as the 
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upper-side, light-shielding film covering the semiconductor layer 1a 
from the upper side, the relay layer 71, the capacitor line 300, and 
the data line 6 each include a portion that is formed in a recessed 
shape on the lower side corresponding to the grooves 12cv, 
compared with the situation in which the upper-side, light-shielding 
film is flat, the impingement of the incident light advancing 
obliquely toward the substrate surface and the oblique light—such 
as the internally reflected light and the multiply reflected light 
based on the incident light and the returning light—ultimately upon 
the channel region 1a and adjacent regions thereof obliquely from 
above can be more effectively inhibited by the upper-side, light-
shielding film. That is, because the tendency to scatter the oblique 
light from above is strengthened, in accordance with the grooves 
12cv, by the upper-surface portion of the upper-side, light-shielding 
film, which is recessed on the lower side (or protruding on the 
upper side), the light quantity that ultimately impinges upon the 
channel region 1a and the adjacent regions thereof obliquely from 
above can be reduced. It is noted that, for the same reason, the 
lower-side, light-shielding film 11a may be formed, at least 
partially, such that the recessed shape and the protruding shape of 
the upper-side, light-shielding film described above are reversed up 
and down so that the recessed shape is on the upper side (i.e., so 
that the protruding shape is on the lower side). 

[0081] 

 In addition, in the present embodiment, because the scan 
line 3a is formed such that the location that includes the gate 
electrode has a wide width, the light-shielding performance, in the 
channel regions and the adjacent regions thereof due to the scan line 
3a, against the oblique light can be improved. 

[0082] 

 Here, in the present embodiment, the shielding of the 
TFT 30 by the various light-shielding films, as shown in FIG. 2 and 
FIG. 3, is performed from above and below. That is, the capacitor 
line 300 and the data line 6a function as upper-side, light-shielding 
films against the incident light entering the electro-optical device 
from above (i.e., on the side in which the incident light enters). 
Meanwhile, the lower-side, light-shielding film 11a functions 
literally as a lower-side, light-shielding film against the returning 
light entering from the lower side (i.e., the side on which the 
incident light exits) of the electro-optical device. Accordingly, it is 
also conceivable that there is no need to provide the protruding 
portions 3b on the scan line 3a or to impart a special shape to the 
capacitor line 300 or the like, which is the upper-side, light-
shielding film, by the grooves 12cv. Nevertheless, the incident light 
includes oblique light that impinges upon the substrate 10 from an 
oblique direction. For example, the component wherein the angle of 
incidence deviates from the perpendicular by approximately 10°–
15° includes approximately 10%. Similarly, the returning light also 
includes oblique light. Consequently, the oblique light is reflected 
by the upper surface of the substrate 10, the upper surface of the 
lower-side, light-shielding film 11a, or the like, or is reflected by 
the lower surface of the upper-side, light-shielding film or the like, 
and further reflected by other interfaces within the electro-optical 
device, and internally reflected light and multiply reflected light is 
thereby generated. Accordingly, even if various light-shielding 
films are provided above and below the TFT 30, oblique light that 
advances through gaps between them can be present, and therefore, 
as in the present embodiment, it can be said that the light-shielding 
effect produced by the protruding portions 3b, which shield the 
sides of the semiconductor layer 1a, or produced by the recessed 
portions corresponding to the grooves 12cv, is large. 

[0083] 

 As explained above with reference to FIG. 4 to FIG. 7, 
by providing the protruding portions 3b and the grooves 12cv 
according to the electro-optical device of the present embodiment, 
the light-blocking characteristic is increased, the TFT 30, in which 
light-leakage current is reduced even under severe conditions such 
as being impinged upon by strong incident light or returning light, 
can satisfactorily perform switching control of the pixel electrode 

9a, and ultimately a bright, high-contrast image can be displayed. 

[0084] 

 In addition, in the present embodiment, because the 
upper-side, light-shielding film is composed of a portion of the scan 
line 3a (including the protruding portions 3b), the capacitor line 
300, the data line 6a, and the like, simplification of the layered 
structure on the TFT array substrate 10 as a whole as well as the 
manufacturing process is achieved. Furthermore, in the present 
embodiment, because the protruding portions 3b are formed 
integrally from the same film as the scan line 3a, no additional step 
is needed to form the protruding portions 3b. 

[0085] 

 In the present embodiment explained above, similar to 
the capacitor line 300 and the base light-shielding film 11a, the scan 
line 3a may be constituted from a light-shielding film that contains 
a metal or an alloy (e.g., one in which an elementary metal, an 
alloy, a metal silicide, and a polysilicide containing at least one of 
the refractory metals of Ti, Cr, W, Ta, Mo, Pb, or the like are 
layered). If constituted in this manner, then the light-shielding 
performance in the channel region and the regions adjacent to the 
channel against oblique light can be further enhanced by the scan 
line 3a and the protruding portions 3b. 

[0086] 

 In the present embodiment explained above, four of the 
protruding portions 3b are formed for each channel region 1a', but 
similar effects are obtained to a certain degree even if formed on 
only one side of the channel region 1a' or even if formed only 
above or below the channel region 1a' in FIG. 2. For example, 
considering the layout of the lines, elements, and the like around the 
semiconductor layer 1a, in situations in which it is difficult to form 
a total of four of the protruding portions 3b on both sides of or both 
above and below the channel region 1a', three or fewer of the 
protruding portions 3b should be provided for each channel region 
only on one side or only above and below, without further 
burdening the layout. 

[0087] 

 Furthermore, in the embodiment explained above, the 
pixel-switching TFT 30 preferably has an LDD structure, as shown 
in FIG. 3; however, it may have an offset structure in which 
impurities are not implanted in the low-density source region 1b 
and the low-density drain region 1c, or it may be a self-aligned-type 
TFT in which impurities are implanted at high density using the 
gate electrode—which is constituted from a portion of the scan line 
3a—as a mask and in which a high-density source and a drain 
region are formed in a self-aligned manner. In addition, the present 
embodiment is assumed to have a single-gate structure in which 
only one gate electrode of the pixel-switching TFT 30 is disposed 
between the high-density source region 1d and the high-density 
drain region 1e, but two or more gate electrodes may be disposed 
therebetween. If the TFT is configured as a dual gate, a triple gate, 
or a higher order gate in this manner, then it is possible to prevent 
leakage current at the junction between the channel and the source 
region and between the channel and the drain region, and thereby to 
reduce the electric current when the TFT is OFF. 

[0088] 

 Note that, as shown in FIG. 8, light-shielding 
performance similar to the embodiments described above is 
obtained even if formed such that grooves 41cv are carved into the 
first interlayer-insulating film 41 instead of into the base-insulating 
film 12 and such that the relay layer 71, the capacitor line 300, and 
the data line 6, which constitute the upper-side, light-shielding film, 
each include the portions formed in recesses on the lower side 
corresponding to the grooves 41cv. 
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[0089] 

(Manufacturing Process) 

 Next, a manufacturing process for the electro-optical 
device according to the present invention will be explained, with 
reference to FIG. 9 and FIG. 10. Here, FIG. 9 and FIG. 10 are 
process diagrams that show the state of the vicinity of the 
semiconductor layer 1a of the electro-optical device for each step of 
the manufacturing process, in order, and is a cross-sectional view 
taken along line C-C' in FIG. 4, similar to FIG. 6. 

[0090] 

 First, as shown in step (1) in FIG. 9, the TFT array 
substrate 10 made of a quartz substrate, hard glass, a silicon 
substrate, or the like is prepared. Here, an annealing process is 
performed in an inert-gas atmosphere, preferably of N2 (nitrogen) or 
the like, at a high temperature of approximately 900°C–1,300°C, 
after which a pretreatment is performed in advance to reduce strain 
created in the TFT array substrate 10 in subsequently performed 
high-temperature processes. 

[0091] 

 Continuing, by sputtering a metal-alloy film made of a 
metal, a metal silicide, or the like such as Ti, Cr, W, Ta, Mo, Pd, etc. 
over the entire surface of the TFT array substrate 10 processed in 
this manner, a light-shielding film having a film thickness of 
approximately 100–500 nm, and preferably a film thickness of 
approximately 200 nm, is formed. Furthermore, the lower-side, 
light-shielding film 11a, in which the planar shape has a lattice 
shape, is formed by photolithography and etching. 

[0092] 

 Continuing, the base-insulating film 12, which is 
composed of, for example, a silicate-glass film such as NSG, PSG, 
BSG, BPSG, or the like, a silicon-nitride film, a silicon-oxide film, 
or the like, is formed on the lower-side, light-shielding film 11a by, 
for example, a normal-pressure or low-pressure CVD method or the 
like using TEOS (tetraethyl orthosilicate) gas, TEB 
(tetraethylborate) gas, TMOP (tetramethyl oxyphosphate) gas, or 
the like. The thickness of the base insulating film 12 is made to be, 
for example, approximately 500–2,000 nm. 

[0093] 

 Next, in step (2) of FIG. 9, the grooves 12cv, each of 
which has the planar shape shown in FIG. 4, are carved by 
photolithography and dry/wet etching. The depth of each of the 
grooves 12cv is set to, for example, approximately 500–1,500 nm in 
accordance with the thickness of the base-insulating film 12 such 
that the portion of the base-insulating film 12 located at the bottom 
portion of the groove 12cv remains sufficiently thick enough for the 
base-insulating film 12 to function satisfactorily as a base-
insulating film. 

[0094] 

 Next, in step (3) in FIG. 9, an amorphous silicon film is 
formed on the base insulating film 12, into which the grooves 12cv 
have been carved, by low-pressure CVD (CVD performed at a 
pressure of, for example, approximately 20–40 Pa) using a 
monosilane gas, a disilane gas, or the like at a flow rate of 
approximately 400–600 cc/min in a comparatively low-temperature 
environment of approximately 450°C–550°C, preferably 
approximately 500°C. Subsequently, a polysilicon film is solid-
phase grown to a particle diameter of approximately 50–200 nm, 
preferably approximately 100 nm, by annealing the polysilicon film 
at approximately 600°C–700°C in a nitrogen atmosphere for 
approximately 1–10 hours, preferably 4–6 hours. An annealing 
treatment using RTA (rapid-thermal anneal) or laser annealing 
using an excimer laser or the like may be used as the method for 
effecting solid-phase growth. At this time, the pixel-switching TFT 

30 may be doped by ion-implanting a small quantity of a dopant of 
a group-V element or a group-III element in accordance with 
whether the TFT 30 is an n-channel type or a p-channel type. 
Furthermore, the semiconductor layer 1a having a prescribed 
pattern is formed by photolithography and etching. 

[0095] 

 Continuing, a lower-layer, gate-insulating film is formed 
by thermally oxidizing the semiconductor layer 1a constituting the 
TFT 30 at a temperature of approximately 900°C–1,300°C, and 
preferably at a temperature of approximately 1,000°C, and then 
forming an upper-layer, gate-insulating film by a low-pressure CVD 
method or the like, or by successively performing both; thereby, the 
insulating film 2 constituted from multiple layers of high-
temperature silicon-oxide film (HTO film), silicon-nitride film, or 
the like (including the gate-insulating film) is formed. As a result, 
the thickness of the semiconductor layer 1a is approximately 30–
150 nm and preferably is approximately 35–50 nm, and the 
thickness of the insulating film 2 is approximately 20–150 nm and 
preferably is approximately 30–100 nm. 

[0096] 

 Continuing, to control a threshold voltage Vth of the 
pixel-switching TFT 30, an N-channel region or a P-channel region 
of the semiconductor layer 1a is doped by ion implantation or the 
like of a predetermined prescribed amount of a dopant such as 
boron. 

[0097] 

 Next, in step (4) of FIG. 9, a polysilicon film is 
deposited by a low-pressure CVD method or the like, and 
phosphorus is further thermally diffused therein to make the 
polysilicon film conductive. In addition, a doped-silicon film, in 
which P ions were introduced at the same time as the formation of 
the polysilicon film, may be used. The thickness of the polysilicon 
film is approximately 100–500 nm and preferably is approximately 
350 nm. Furthermore, the scan line 3a of a prescribed pattern, 
including the gate-electrode portion of the TFT 30 and the 
protruding portions 3b (refer to FIG. 4), are formed by 
photolithography and etching. 

[0098] 

 For example, in the situation in which the TFT 30 is an 
n-channel-type TFT having an LDD structure, first, to form the 
low-density source region 1b and the low-density drain region 1c, 
the semiconductor layer 1a is doped with a group-V element 
dopant, such as P or the like at low density (e.g., P ions at a dose of 
1–3  1013/cm2) using the scan line 3a (the gate electrode) as a 
mask. Thereby, the semiconductor layer 1a under the scan line 3a 
becomes the channel region 1a'. Furthermore, to form the high-
density source region 1d and the high-density drain region 1e 
constituting the pixel-switching TFT 30, a resist layer, which has a 
planar pattern wider than the scan line 3a, is formed on the scan line 
3a. Subsequently, doping is performed at high density (e.g., P ions 
at a dose of 1–3  1015/cm2) of a group-V element dopant such as P. 
It is noted that, for example, the TFT may have an offset structure, 
without performing doping at low density; further, the TFT may be 
a self-aligned type by using an ion-implanting technique in which P 
ions, B ions, or the like are used and the scan line 3a serves as the 
mask. 
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[0099] 

 Next, in step (5) of FIG. 9, the first interlayer-insulating 
film 41, which is constituted from a silicate-glass film such as NSG, 
PSG, BSG, or BPSG, a silicon-nitride film, a silicon-oxide film, or 
the like is formed on the scan line 3a by a normal-pressure or low-
pressure CVD method or the like using TEOS gas, TEB gas, TMOP 
gas, or the like. The thickness of the first interlayer-insulating film 
12 is, for example, approximately 500–2,000 nm. Here, an 
annealing process is performed preferably at a high temperature of 
approximately 800°C to improve the film quality of the interlayer-
insulating film 41 in advance. 

[0100] 

 Continuing, the contact hole 83 (refer to FIG. 2 and FIG. 
3), which is not shown, is formed at the same time by performing 
dry etching, such as reactive-ion etching, reactive-ion-beam 
etching, or the like, on the interlayer-insulating film 41. 

[0101] 

 Continuing, a polysilicon film is deposited by a low-
pressure CVD method or the like, and phosphorus is further 
thermally diffused into the polysilicon film to make it conductive. 
In addition, a doped-silicon film, into which P ions were introduced 
at the same time as the formation of the polysilicon film, may be 
used. The thickness of the polysilicon film is approximately 100–
500 nm and preferably is approximately 150 nm. Furthermore, the 
relay layer 71 (refer to FIG. 2 and FIG. 3), which is not shown, is 
formed by photolithography and etching. 

[0102] 

 Continuing, the dielectric film 75, which is constituted 
from a high-temperature silicon-oxide film (HTO film) or a silicon-
nitride film, is deposited, by a low-pressure CVD method, plasma 
CVD, or the like to a relatively small thickness of approximately 50 
nm, on the pixel-electrode relay layer 71, which doubles as the 
pixel-potential-side capacitor electrode, and the first interlayer-
insulating film 41. However, the dielectric film 75 may be 
constituted from either a monolayer film or a multilayer film, 
similar to the situation with the insulating film 2, and is generally 
formable by various well-known techniques used in the formation 
of TFT gate-insulating films. Furthermore, the thinner the dielectric 
film 75, the larger the storage capacitor 70; therefore, in the end, 
under the condition that defects, such as film tearing, do not occur, 
it is advantageous to form the dielectric film 75 such that it 
becomes an extremely thin insulating film having a thickness of 50 
nm or less. 

[0103] 

 Continuing, a metal-alloy film made of a metal, a metal 
silicide, or the like made of Ti, Cr, W, Ta, Mo, Pd, etc. is formed on 
the dielectric film 75 by sputtering to a film thickness of 
approximately 100–500 nm. Furthermore, the capacitor line 300 
having a prescribed pattern is formed by photolithography and 
etching. That is, the storage capacitor 70 is completed. 

[0104] 

 However, in the situation in which the capacitor line 300 
is constituted from a multilayer film, first, a polysilicon film is 
deposited on the dielectric film 75 by a low-pressure CVD method 
or the like, phosphorus is further thermally diffused therein to make 
the polysilicon film conductive, thereby forming a first film; 
thereupon, a metal-alloy film made of a metal, a metal silicide, or 
the like is formed by further layering, such as the second layer, after 
which the capacitor line 300 having a prescribed pattern may be 
formed from the first and second films by photolithography and 
etching. 

[0105] 

 Next, in step (6) of FIG. 10, the second interlayer-

insulating film 42, which is constituted from a silicate-glass film 
such as NSG, PSG, BSG, or BPSG, a silicon-nitride film, a silicon-
oxide film, or the like is formed using, for example, a normal-
pressure or low-pressure CVD method, TEOS gas, etc. The 
thickness of the first interlayer-insulating film 42 is, for example, 
approximately 500–1,500 nm. 

[0106] 

 Continuing, the contact hole 81 (refer to FIG. 2 and FIG. 
3), which is not shown, is formed by performing dry etching, such 
as reactive-ion etching, reactive-ion-beam etching, and the like, on 
the second interlayer-insulating film 42. 

[0107] 

 Continuing, a low-resistance metal, a metal silicide, or 
the like made of light-shielding Al or the like is deposited as a 
metal film by sputtering over the entire surface of the second 
interlayer-insulating film 42 to a thickness of approximately 100–
500 nm and preferably to approximately 300 nm. Furthermore, the 
data line 6a having a prescribed pattern is formed by 
photolithography and etching. 

[0108] 

 Next, in step (7) of FIG. 10, the third interlayer-
insulating film 43, which is constituted from a silicate-glass film 
such as NSG, PSG, BSG, BPSG, etc., a silicon-nitride film, a 
silicon-oxide film, or the like is formed using, for example, a 
normal-pressure or low-pressure CVD method, TEOS gas, or the 
like so as to cover the data line 6a from above. The thickness of the 
third interlayer-insulating film 43 is, for example, approximately 
500–1,500 nm. 

[0109] 

 Continuing, the contact hole 85 (refer to FIG. 2 and FIG. 
3), which is not shown, is formed by performing dry etching, such 
as reactive-ion etching, reactive-ion-beam etching, or the like, on 
the third interlayer-insulating film 43. 

[0110] 

 Continuing, a transparent conductive film of an ITO film 
or the like is deposited onto the third interlayer-insulating film 43 to 
a thickness of approximately 50–200 nm by a sputtering process or 
the like. Furthermore, the pixel electrode 9a is formed by 
photolithography and etching. It is noted that, in the situation in 
which the liquid-crystal device is used in a reflective-type liquid-
crystal device, the pixel electrode 9a may be formed from an 
opaque material having high reflectance, such as Al. 

[0111] 

 Continuing, the alignment layer 16 (refer to FIG. 3) is 
formed by applying a coating liquid for a polyimide alignment layer 
onto the pixel electrode 9a and then performing a rubbing process 
in a prescribed direction and so as to have a prescribed pretilt angle. 

[0112] 

 Meanwhile, with regard to the opposing substrate 20 
shown in FIG. 3, a glass substrate or the like is first prepared, and a 
light-shielding film serving as a picture frame is formed by 
sputtering, for example, metal chrome and then performing 
photolithography and etching. It is noted that these light-shielding 
films are not necessarily conductive and may be formed from, in 
addition to a metal material made of Cr, Ni, Al, or the like, a 
material such as resin black in which carbon or Ti is dispersed in a 
photoresist. 

[0013] 

 Subsequently, the counter electrode 21 is formed by 
depositing a transparent conductive film, which is made of ITO or 
the like, by a sputtering process or the like over the entire surface of 
the opposing substrate 20 to a thickness of approximately 50–200 
nm. Furthermore, the alignment layer 22 (refer to FIG. 3) is formed 
by applying a coating liquid for a polyimide alignment layer over 
the entire surface of the counter electrode 21, and then performing a 
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rubbing process in a prescribed direction and so as to have a 
prescribed pretilt angle. 

[0114] 

 Lastly, the TFT array substrate 10 and the opposing 
substrate 20, on which various layers have been formed as 
described above, are pasted together by a sealing material (refer to 
FIG. 11 and FIG. 12) such that the alignment layers 16 and 22 face 
each other, and the liquid-crystal layer 50 of a prescribed film 
thickness is formed by the liquid crystal, in which, for example, 
multiple types of nematic liquid crystals are mixed, being suctioned 
by vacuum suction or the like into the space between both 
substrates. 

[0115] 

 According to the manufacturing process of the present 
invention as explained above, the electro-optical device according 
to the present invention described above can be manufactured. At 
this time, the protruding portions 3b as shown in FIG. 4 can be 
formed merely by adding slight modifications to the hardening 
process of the scan line 3b particularly in step (4); furthermore, 
merely by carving the grooves 12cv in step (2), the various 
electrically conductive films functioning as the upper-side, light-
shielding film thereabove can be formed so as to include portions in 
which recesses are formed on the lower side; therefore, the 
manufacturing process overall can be implemented relatively 
simply. 

[0116] 

 Note that, in the situation in which the electro-optical 
device (refer to FIG. 8) according to the modified embodiment 
described above is manufactured, the process of carving the 
grooves 12cv described in step (2) in FIG. 9 is omitted; instead, 
midway in step (5), it is sufficient to carve the grooves 41cv into 
the first interlayer-insulating film 41, and the remaining steps are 
completed similar to those shown in FIG. 9 and FIG. 10 described 
above. 

[0117] 

(Overall Configuration of Electro-Optical Device) 

 The overall configuration of the electro-optical device 
according to the embodiments configured as above will now be 
explained, with reference to FIG. 11 and FIG. 12. It is noted that 
FIG. 11 is a plan view, viewed from the opposing substrate 20 side, 
of the TFT array substrate 10 and the various structural elements 
formed thereupon, and FIG. 12 is a cross-sectional view taken 
along line H-H' in FIG. 11. 

[0118] 

 In FIG. 11, a sealing material 52 is provided along the 
edges thereof above the TFT array substrate 10, and, inward and 
parallel thereto, a light-shielding film 53, which serves as a picture 
frame that defines the periphery of the image-display region 10a, is 
provided. In the region on the outer side of the sealing material 52, 
a data-line drive circuit 101, which drives the data line 6a by 
supplying the image signal to the data line 6a at a prescribed timing, 
and external-circuit connection terminals 102 are provided along 
one side of the TFT-array substrate 10, and scan-line drive circuits 
104, which drive the scan line 3a by supplying a scan signal to the 
scan line 3a at a prescribed timing, are provided along two sides 
adjacent to that one side. It goes without saying that the scan-line 
drive circuit 104 may be provided on one side alone, as long as 
delay in the scan signal supplied to the scan line 3a does not 
become a problem. In addition, two of the data-line drive circuits 
101 may be arrayed on both sides along the sides of the image-
display region 10a. Furthermore, on the remaining side of the TFT-
array substrate 10, a plurality of wirings 105 is provided for 
connecting the scan-line drive circuits 104, which are provided on 
both sides of the image-display region 10a, to each other. In 
addition, a conductive material 106, which is for providing 
electrical conductivity between the TFT-array substrate 10 and the 

opposing substrate 20, is provided at at least one corner portion of 
the opposing substrate 20. Furthermore, as shown in FIG. 12, the 
opposing substrate 20, which has an outline substantially the same 
as that of the sealing material 52 shown in FIG. 11, is fixed to the 
TFT-array substrate 10 by the sealing material 52. 

[0119] 

 It is noted that, on the TFT-array substrate 10, in 
addition to the data-line drive circuit 101, the scan-line drive 
circuits 104, and the like: a sampling circuit, which impresses the 
image signal on the plurality of data lines 6a with a prescribed 
timing; a precharging circuit, which supplies, in advance of the 
image signal, a precharging signal of a prescribed voltage level to 
each of the data lines 6a of the plurality of data lines 6a; a testing 
circuit, which is for inspecting for quality, defects, and the like of 
the electro-optical device during manufacturing or at the time of 
shipping; and the like may be formed. 

[0120] 

 In the embodiments explained above with reference to 
FIG. 1 to FIG. 12, instead of providing the data-line drive circuit 
101 and the scan-line drive circuit 104 on the TFT array substrate 
10, for example, they may be electrically and mechanically 
connected to a drive LSI, which is mounted on a TAB (tape-
automated bonding) substrate, via an anisotropic conductive film 
provided at a peripheral portion of the TFT array substrate 10. In 
addition, a polarizing film, a phase-difference film, a polarizing 
plate, or the like is disposed in a prescribed direction—in 
accordance with, for example, the operation mode, such as TN 
(twisted nematic) mode, VA (vertically aligned) mode, PLDC 
(polymer-dispersed liquid crystal) mode, or the like or in 
accordance with whether it is normally white mode or normally 
black mode—on the side of the opposing substrate 20 upon which 
the projected light impinges and on the side of the TFT array 
substrate 10 from which the exit light exits. 

[0121] 

 In the electro-optical device according to the 
embodiment as explained above, three of the electro-optical devices 
are used as the RGB color filters in order to be applicable to a 
projector, and the lights of colors decomposed via a dichroic mirror 
for RGB-color decomposition enter the light valves as the projected 
light. Accordingly, in each of the embodiments, color filters are not 
provided on the opposing substrate 20. Nevertheless, RGB color 
filters, together with protective films therefor, may be formed on 
the opposing substrate 20 in prescribed regions opposing the pixel 
electrode 9a. In so doing, the electro-optical device in each of the 
embodiments can be applied to a direct-view-type or a reflective-
type color electro-optical apparatus other than a projector. In 
addition, microlenses may be formed, in 1:1 correspondence with 
the pixels, on the opposing substrate 20. Alternatively, it is also 
possible to form color-filter layers, such as color resists, under the 
pixel electrode 9a opposing the R, G, and B on the TFT array 
substrate 10. In so doing, the condensing efficiency of the incident 
light is increased, and therefore a bright electro-optical device can 
be achieved. Furthermore, in addition, a dichroic filter that 
produces the RGB colors using light interference may be formed by 
depositing on the opposing substrate 20 a number of interference 
layers differing in refractive index. According to this opposing 
substrate that includes a dichroic filter, a brighter color electro-
optical apparatus can be achieved. 
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[0122] 

 The present invention is not limited to the embodiments 
described above and can be appropriately modified within a range 
that does not depart from the gist or idea of the invention that can 
be read from the claims and the entire specification; and an electro-
optical device and a manufacturing method therefor accompanying 
such modification are also included within the technical scope of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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

 FIG. 2 is a plan view of a plurality of mutually adjacent 
pixel groups of a TFT-array substrate, on which data lines, scan 
lines, pixel electrodes, and the like are formed, of the electro-optical 
device according to the embodiment. 

 FIG. 3 is a cross-sectional view taken along line A-A' in 
FIG. 2. 

 FIG. 4 is a plan view that shows a snippet of protruding 
portions and a semiconductor layer in FIG. 2, together with grooves 
that are carved into the base-insulating film. 

 FIG. 5 is a cross-sectional view taken along line B-B' in 
FIG. 4. 

 FIG. 6 is a cross-sectional view taken along line C-C' in 
FIG. 4. 

 FIG. 7 is a cross-sectional view taken along line D-D' in 
FIG. 4. 

 FIG. 8 is a cross-sectional view taken along line C-C' in 
FIG. 4 according to a modified embodiment. 

 FIG. 9 is a process diagram (part 1) that shows the state 
of the vicinity of the semiconductor layer of the electro-optical 
device for each step, in order, of the manufacturing process, as a 
cross-sectional view taken along line C-C' in FIG. 4, according to 
the present invention. 

 FIG. 10 is a process diagram (part 2) that shows the state 
of the vicinity of the semiconductor layer of the electro-optical 
device for each step, in order, of the manufacturing process, as a 
cross-sectional view taken along line C-C' in FIG. 4, according to 
the present invention. 

 FIG. 11 is a plan view, viewed from the opposing 
substrate side, of the TFT-array substrate, together with the 
structural elements formed thereon, of the electro-optical device 
according to the embodiment. 

 FIG. 12 is a cross-sectional view taken along line H-H' 
in FIG. 11. 

EXPLANATION OF THE REFERENCE NUMBERS 

1a Semiconductor layer 

1a' Channel region 

1b Low-density source region 

1c Low-density drain region 

1d High-density source region 

1e High-density drain region 

2 Insulating film 

3a Scan line 

3b Protruding portion 

6a Data line 

9a Pixel electrode 

10 TFT array substrate 

10cv Groove 

11a Lower-side, light-shielding film 

12 Base-insulating film 

12cv Groove 

16 Alignment layer 

20 Opposing substrate 

21 Counter electrode 

22 Alignment layer 

30 TFT 

50 Liquid-crystal layer 

70 Storage capacitor 

71 Relay layer 

75 Dielectric film 

81, 83, 85 Contact hole 
300 Capacitor line 
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