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7) ABSTRACT

A liquid crystal display device includes an active matrix
substrate; a counter substrate; and a liquid crystal layer
interposed between the active matrix substrate and the
counter substrate. The active matrix substrate includes a
plate; a thin film transistor provided on the plate; and a side
light shielding layer for covering at least a portion of a side
surface of the thin film transistor.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display device and a method for producing the same.

[0003] 2. Description of the Related Art

[0004] One known type of liquid crystal display device is
an active matrix liquid crystal display device including an
active matrix substrate including a plurality of pixel elec-
trodes arranged in a matrix and a counter substrate including
a counter electrode. The active matrix substrate and the
counter substrate are located so as to hold a liquid crystal
layer therebetween. In such a liquid crystal display device,
the active matrix substrate usually has thin film transistors
(TFT) respectively for applying a voltage to the pixel
electrodes.

[0005] Such an active matrix liquid crystal display device
is often used as one element of a projector apparatus.
However, when a liquid crystal display device is used for a
projector apparatus, the liquid crystal display device is
exposed to a high intensity of light.

[0006] When the TFTs provided on the active matrix
substrate of the liquid crystal display device are exposed to
the high intensity of light, there is an undesirable possibility
that a leak current is generated in the TFTs. When this
occurs, the quality of images displayed by the liquid crystal
display device may be lowered due to, for example, reduc-
tion of contrast of the liquid crystal display device and
generation of crosstalk.

[0007] 1In order to solve these problems, it is known to
provide a light shielding layer on the active matrix substrate
so as to prevent light from being incident on the TFTs.

[0008] For example, Japanese Laid-Open Publication No.
2001-242443 discloses a liquid crystal display device which
includes an active matrix substrate including an upper light
shielding layer above the TFTs and below the pixel elec-
trodes and a lower light shielding layer below the TFTs.

[0009] With reference to FIGS. 37A through 39, a con-
ventional liquid crystal display device 1000 will be
described. The following description will be presented
regarding an area of a liquid crystal display device corre-
sponding to one TFT for the sake of simplicity.

[0010] FIGS. 37A and 37B are each a schematic plan
view of a portion of an active matrix substrate 110 of the
liquid crystal display device 1000 where one gate line 112
and one signal line 113 cross each other.

[0011] FIGS. 37A and 37B cach show only one gate line
112 and one signal line 113, but the active matrix substrate
110 includes a plurality of gate lines 112 and a plurality of
signal lines 113.

[0012] The plurality of gate lines 112 are generally pro-
vided above a transparent plate 111 (FIG. 38) of the active
matrix substrate 110 and parallel to each other. The plurality
of signal lines 113 are generally provided above the trans-
parent plate 111 and parallel to each other. The gate lines 112
and the signal lines 113 generally cross each other.

1. Field of the Invention

Jan. 15, 2004

[0013] FIGS. 37A and 37B represent the same liquid
crystal display device 1000 such that the positions of light
shielding layers are clear as explained below.

[0014] In FIG. 37A, an upper light shielding layer 118
provided above a TFT 160 is hatched so as to clearly show
the position thereof. The upper light shielding layer 118 acts
to prevent light from being incident on the TFT 160 from
above the active matrix substrate 110.

[0015] In FIG. 37B, a lower light shielding layer 116
provided below the TFT 160 is dotted so as to clearly show
the position thereof. The lower light shielding layer 116 acts
to prevent light from being incident on the TFT 160 from
below the active matrix substrate 110.

[0016] As shown in FIG. 37A, the upper light shielding
layer 118 is provided so as to cover a first contact hole 127,
the gate line 112, the signal line 113, a portion of a
polycrystalline silicon (Si) layer 131, a portion of a capaci-
tance electrode 115 and a portion of the TFT 160.

[0017] As shown in FIG. 37B, the lower light shielding
layer 116 is provided so as to cover a portion of the gate line
112, the signal line 113, the first contact hole 127, a second
contact hole 128, a third contact hole 1294, a fourth contact
hole 1324, the polycrystalline silicon (Si) layer 131, and the
TFT 160.

[0018] As described above, the active matrix substrate 110
includes the plurality of gate lines 112 and the plurality of
signal lines 113 crossing each other perpendicularly.

[0019] In an area surrounded by two gate lines 112 and
two signal lines 113, a pixel electrode 114 is provided.

[0020] The capacitance electrode 115 is provided in the
vicinity of the gate line 112 so as to be parallel to the gate
line 112. The capacitance electrode 115 is formed such that
a width of the capacitance electrode 115 is larger than the
width of the gate line 112.

[0021] The polyerystalline silicon layer 131 of n-type used
as a part of the TFT 160 is provided below a portion of the
signal line 113 which crosses the gate line 112, The width of
the polycrystalline silicon layer 131 is smaller than the width
of the signal line 113. The polycrystalline silicon layer 131
includes a channel region 1314, a lightly doped drain (LDD)
region (N7) 131d provided between the channel region 131a
and the first contact hole 127, and a lightly doped drain
(LDD) region (N7) 131e provided between the channel
region 1314 and the second contact hole 128.

[0022] The polycrystalline silicon layer 131 extends along
the signal line 113 so as to cross the gate line 112. The
polycrystalline silicon layer 131 has a branch portion
extending so as to be below the capacitance electrode 1185.
The branch portion below the capacitance electrode 115 has
a width smaller than the width of the capacitance electrode
115.

[0023] The lower light shielding layer 116 is provided
below the polycrystalline silicon layer 131. The width of the
lower light shielding layer 116 is larger than the width of the
polycrystalline silicon layer 131. The lower light shielding
layer 116 is provided so as to cover the polycrystalline
silicon layer 131 from below and to cover the gap between
the capacitance electrode 115 and the gate line 112 in the
vicinity thereof.
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[0024] 1In the first contact hole 127, a source electrode 133
of the TFT 160 is provided.

[0025] In the second contact hole 128, a drain electrode
134 of the TFT 160 is provided. FIG. 38 is a schematic
cross-sectional view of the liquid crystal display device
1000 taken along line A-A of FIGS. 37A and 37B, and FIG.
39 is a schematic cross-sectional view of the liquid crystal
display device 1000 taken along line B-B of FIGS. 37A and
37B.

[0026] As shown in FIGS. 38 and 39, the liquid crystal
display device 1000 includes the active matrix substrate 110
and a counter substrate 140, and a liquid crystal layer 150
interposed between the active matrix substrate 110 and the
counter substrate 140.

[0027] The counter substrate 140 includes a transparent
plate 141 formed of quartz glass, a transparent electrode 142
provided on the transparent plate 141, and an alignment
layer 143 provided on the transparent electrode 142.

[0028] The active matrix substrate 110 includes the trans-
parent plate 111 formed of quartz glass.

[0029] The lower light shielding layer 116 is provided on
the transparent plate 111, and a first interlayer insulating
layer 117 is provided on the transparent plate 111 so as to
cover the lower light shielding layer 116.

[0030] The polycrystalline silicon layer 131 is provided on
the first interlayer insulating layer 117, and a second inter-
layer insulating layer (gate insulating layer) 119 is provided
on the first interlayer insulating layer 117 so as to cover the
polycrystalline silicon layer 131.

[0031] The gate line 112 and the capacitance electrode 115
are provided on the second interlayer insulating layer 119.

[0032] A third interlayer insulating layer 121 is provided
on the second interlayer insulating layer 119 so as to cover
the gate line 112 and the capacitance electrode 115.

[0033] The first contact hole 127 and the second contact
hole 128 are formed in the second interlayer insulating layer
119 and the third interlayer insulating layer 121.

[0034] The first contact hole 127 is filled with a conduc-
tive material which is the same as the material of the signal
line 113 so as to form the source electrode 133 of the TFT
160. The source electrode 133 electrically connects the
signal line 113 and a source region of the polycrystalline
silicon layer 131.

[0035] The signal line 113 is provided on the third inter-
layer insulating layer 121 in a prescribed pattern.

[0036] The second contact hole 128 is filled with a con-
ductive which is the same as the material of a connecting
electrode 126 so as to form the drain electrode 134 of the
TFT 160. The drain electrode 134 electrically connects the
connecting electrode 126 and a drain region of the poly-
crystalline silicon layer 131.

[0037] The connecting electrode 126 is formed on the
third interlayer insulating layer 121 in a rectangular pattern.

[0038] A first flat layer 125 is provided on the third
interlayer insulating layer 121 so as to cover the signal lines
113 and the connecting electrode 126. The upper light
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shielding layer 118 (black matrix) is provided on the first flat
layer 125. The upper light shielding layer is formed of a
conductive material.

[0039] The third contact hole 1294 is formed in the first
flat layer 125 covering the connecting electrode 126. The
upper light shielding layer 118 is electrically connected to
the connecting electrode 126 via the third contact hole 129a.

[0040] A second flat layer 129 is provided on the first flat
layer 125 so as to cover the upper light shielding layer 118.

[0041] The fourth contact hole 1324 is formed in the
second flat layer 129 in the vicinity of the third contact hole
129a.

[0042] The plurality of pixel electrodes 114 are provided
on the second flat layer 129, and each pixel electrode 114 is
connected to the upper light shielding layer 118 via the
fourth contact hole 132a.

[0043] An alignment layer 136 is provided on the second
flat layer 129 so as to cover the plurality of pixel electrodes
114.

[0044] The active matrix substrate 110 and the counter
substrate 140 are located such that alignment layer 136 of
the active matrix substrate 110 and the alignment layer 143
of the counter substrate 140 are opposed to each other with
a prescribed distance therebetween. The liquid crystal layer
150 is provided between the alignment layer 136 and the
alignment layer 143. Thus, the liquid crystal display device
1000 is completed.

[0045] The liquid crystal display device 1000 is produced
in the following manner.

[0046] First, on the transparent plate 111 formed of quartz
glass, a polycrystalline silicon layer doped with P (phos-
phorus) and a WSI layer are sequentially formed and pat-
terned, thereby forming the lower light shielding layer 116.

[0047] Next, an SiO, layer is formed by, for example,
CVD on the entire surface of the transparent plate 111 so as
to cover the lower light shielding layer 116, thereby forming
the first interlayer insulating layer 117.

[0048] A polyerystalline silicon layer is formed by, for
example, CVD on the entire surface of the first interlayer
insulating layer 117, and patterned into a prescribed shape,
thereby forming the polycrystalline silicon layer 131.

[0049] Another SiO, layer is formed on the entire surface
of the first interlayer insulating layer 117 by, for example,
CVD so as to cover the polycrystalline silicon layer 131, and
patterned as prescribed, thereby forming the second inter-
layer insulating layer (gate insulating layer) 119.

[0050] A polycrystalline silicon layer doped with P and a
WS layer are sequentially formed on the entire surface of
the first interlayer insulating layer 117 so as to cover the
second interlayer insulating layer 119, and patterned as
prescribed, thereby forming the gate line 112 and the capaci-
tance electrode 115. The capacitance electrode 115 is for a
storage capacitance device.

[0051] Then, an SiO, layer, for example, is formed on the
entire surface of the second interlayer insulating layer 119 so
as to cover the resultant laminate by, for example, CVD,
thereby forming the third interlayer insulating layer 121.
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[0052] Prescribed portions of the second interlayer insu-
lating layer 119 and the third interlayer insulating layer 121
are etched, thereby forming the first contact hole 127 and the
second contact hole 128.

[0053] The formation of the first contact hole 127 and the
second contact hole 128 in the second interlayer insulating
layer 119 and the third interlayer insulating layer 121
exposes a portion of the polyerystalline silicon layer 131
from the first contact hole 127 and the second contact hole
128.

[0054] A WS layer or an Al layer and a WSi layer are
sequentially formed on the third interlayer insulating layer
121 so as to cover the resultant laminate, and patterned as
prescribed, thereby forming the source electrode 133 and the
drain electrode 134 of the TFT 160, the connecting electrode
126 and the signal line 113.

[0055] Then, an SiO, layer is formed by, for example,
atmospheric pressure CVD on the entire surface of the third
interlayer insulating layer 121 so as to cover the resultant
laminate. An SiN layer, for example, is formed by, for
example, plasma CVD on the Si0, layer, and patierned as
prescribed.

[0056] An SiO, layer is formed by, for example, plasma
CVD using TEOS (tetracthylorthosilicate) as a material gas
so as to cover the patterned SiN layer. At this point, the
thickness of the Si0, layer is, for example, about 2500 nm.

[0057] The SiO, layer is polished by CMP (chemical
mechanical polishing) to a thickness of, for example, 2200
nm, and thus flattened. The post-flattening step level can be
0.5 um or less, or even 0.1 um or less depending on the
conditions.

[0058] A prescribed portion of the flattened SiO, layer is
etched, thereby forming the first flat layer 125 having the
third contact hole 129a.

[0059] Then, a Ti layer is formed by, for example, vapor
deposition or sputtering on the first flat layer 125 so as to
cover the fourth contact hole 1324, and patterned as pre-
scribed, thereby forming the upper light shielding layer 118.
The upper light shielding layer 118 is conductive.

[0060] Then, the second flat layer 129 is formed by SOG
(spin-on-glass) on intermediate layer (not shown) so as to
cover the upper light shielding layer 118. The second flat
layer 129 may be formed by CMP. The intermediate layer is
formed of an Si0, layer by plasma CVD using, for example,
TEOS as a material gas.

[0061] A prescribed portion of the second flat layer 129 is
etched, thereby forming the fourth contact hole 1324.

[0062] AnITO layer is formed on the entire surface of the
second flat layer 129 so as to cover the fourth contact hole
132a to a thickness of, for example, about 70 nm, and
patterned as prescribed, thereby forming pixel electrodes
114.

[0063] In this manner, the active matrix substrate 110 is
produced.
[0064] The counter substrate 140 is formed by forming the

transparent electrode 142 on the entire surface of the trans-
parent plate 141, and then forming the alignment layer 143
on the entire surface of the transparent electrode 142.
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[0065] The active matrix substrate 110 and the counter
substrate 140 are located such that the alignment layers 136
and 143 thereof are opposed to each other with a prescribed
distance therebetween. Aliquid crystal layer 150 is provided
between the alignment layers 136 and 143. Thus, the liquid
crystal display device 1000 is produced.

[0066] In the liquid crystal display device 1000 having
such a structure, the upper light shielding layer 118 shields
light from being incident on the TFT 160 of the active matrix
substrate 110 after being incident on and passing through the
counter substrate 140. The lower light shielding layer 116
shields light from being incident on the TFT 160 after being
incident on a bottom surface of the transparent plate 111 of
the active matrix substrate 110 and passing through the
transparent plate 111, and also light from being incident on
the TFT 160 after passing through the transparent plate 111
and reflected by the optical system (not shown).

[0067] In order for the upper light shielding layer 118 and
the lower light shielding layer 116 to shield light from being
incident on the TFT 160 with certainty, the upper light
shielding layer 118 and the lower light shielding layer 116
are formed so as to be larger than the TFT 160.

[0068] However, when the upper light shielding layer 118
and the lower light shielding layer 116 become larger, the
area of the opening regions of the liquid crystal layer 150
through which the light is transmitted becomes smaller,
which reduces the numerical aperture.

[0069] When the sizes of the upper light shielding layer
118 and the lower light shielding layer 116 arc set to be
appropriate for obtaining a sufficient numerical aperture,
light obliquely incident on the active matrix substrate 110,
light incident on the bottom surface of the transparent plate
111, light reflected by the optical system and the like cannot
be shielded with certainty. In addition, light is multiple-
reflected between the upper light shielding layer 118 above
the TFT 160 and the lower light shielding layer 116 below
the TFT 160, which may undesirably result in light being
incident on the TFT 160.

SUMMARY OF THE INVENTION

[0070] According to one aspect of the invention, a liquid
crystal display device includes an active matrix substrate; a
counter substrate; and a liquid crystal layer interposed
between the active matrix substrate and the counter sub-
strate. The active matrix substrate includes a plate; a thin
film transistor provided on the plate; and a side light
shiclding layer for covering at least a portion of a side
surface of the thin film transistor.

[0071] 1In one embodiment of the invention, the active
matrix substrate further includes a semiconductor layer. The
thin film transistor includes a part of the semiconductor
layer.

[0072] In one embodiment of the invention, the thin film
transistor includes a gate electrode, a source electrode, and
a drain electrode. The active matrix substrate further
includes a pixel electrode, a gate line acting as the gate
electrode of the thin film transistor, and a signal line con-
nected to the source electrode of the thin film transistor.

[0073] In one embodiment of the invention, the active
matrix substrate further includes an insulating layer pro-
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vided on the plate and having a stepped portion having a side
wall substantially perpendicular to the plate; the semicon-
ductor layer is provided on the stepped portion of the
insulating layer; and the side light shielding layer is pro-
vided along the side wall of the stepped portion of the
insulating layer.

[0074] 1In one embodiment of the invention, the active
matrix substrate further includes a lower light shielding
layer provided below the thin film transistor.

[0075] 1In one embodiment of the invention, the side light
shielding layer is in contact with the lower light shielding
layer.

[0076] In one embodiment of the invention, the active
matrix substrate further includes an upper light shielding
layer provided on the thin film transistor.

[0077] 1In one embodiment of the invention, the side light
shielding layer is provided so as to cover a side surface of
the gate line.

[0078] In one embodiment of the invention, the side light
shielding layer is provided so as to cover a side surface of
the signal line.

[0079] In one embodiment of the invention, the active
matrix substrate further includes an additional capacitance
electrode.

[0080] In one embodiment of the invention, the additional
capacitance electrode is provided below the lower light
shielding layer.

[0081] In one embodiment of the invention, the additional
capacitance electrode is provided between the lower light
shielding layer and the thin film transistor.

[0082] In one embodiment of the invention, the additional
capacitance electrode is connected to the thin film transistor.

[0083] In one embodiment of the invention, the side light
shielding layer is in contact with the additional capacitance
electrode.

[0084] In one embodiment of the invention, the thin film
transistor has an LDD structure.

[0085] In one embodiment of the invention, the side light
shielding layer is formed of polycrystalline silicon.

[0086] In one embodiment of the invention, the side light
shielding layer is formed of metal or metal silicide.

[0087] In one embodiment of the invention, the side light
shielding layer has a two-component structure including
metal or metal silicide and polycrystalline silicon.

[0088] According to another aspect of the invention, a
method for producing a liquid crystal display device includ-
ing an active matrix substrate, a counter substrate, and a
liquid crystal layer interposed between the active matrix
substrate and the counter substrate is provided. The method
includes the steps of forming a thin film transistor on a plate
of the active matrix substrate; and forming a side light
shielding layer for covering at least a portion of a side
surface of the thin film transistor.

[0089] In one embodiment of the invention, the step of
forming the thin film transistor includes the step of forming
a semiconductor layer used as a part of the thin film
transistor.
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[0090] In one embodiment of the invention, the method
further includes the step of forming a first insulating layer on
the plate, the first insulating layer having a stepped portion
having a side wall substantially perpendicular to the plate.
The step of forming the semiconductor layer includes the
step of forming the semiconductor layer on the stepped
portion of the first insulating layer. The step of forming the
side light shielding layer includes the step of forming the
side light shielding layer along the side wall of the stepped
portion of the first insulating layer.

[0091] In one embodiment of the invention, the step of
forming the side light shielding layer includes the steps of
forming a layer of a material of the side light shielding layer
so as to cover the stepped portion of the first insulating layer,
and partially removing the layer by dry etching.

[0092] 1In one embodiment of the invention, the method
further includes the steps of forming a second insulating
layer on the semiconductor layer, and flattening a surface of
the second insulating layer before the stepped portion of the
first insulating layer is formed.

[0093] In one embodiment of the invention, the step of
flattening the surface of the second insulating layer includes
the step of flattening the second insulating layer by chemical
mechanical polishing.

[0094] Thus, the invention described herein makes pos-
sible the advantages of providing a liquid crystal display
device for shielding light, for example, from being obliquely
incident on an active matrix substrate, from being incident
on a bottom surface of the active matrix substrate and
reflected by the optical system, and from being incident on
a TFT after being multiple-reflected between an upper light
shielding layer above the TFT and a lower light shielding
layer below the TFT (ic., from being laterally incident on
the TFT), without reducing the numerical aperture; and a
method for producing the same.

[0095] These and other advantages of the present inven-
tion will become apparent to those skilled in the art upon
reading and understanding the following detailed descrip-
tion with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0096] FIGS. 1A and 1B are each a schematic plan view
of a portion of an active matrix substrate of a liquid crystal
display device according to a first example of the present
invention, where one gate line and one signal line cross each
other;

[0097] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 1A and 1B
taken along line A-A of FIGS. 1A and 1B;

[0098] FIG. 3 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 1A and 1B
taken along line B-B of FIGS. 1A and 1B;

[0099] FIG. 4 is a schematic cross-sectional view illus-
trating a structure of a TFT included in the liquid crystal
display device according to the first example of the present
invention:

[0100] FIGS. 5A through 5K are schematic cross-sec-
tional views illustrating steps for producing an active matrix
substrate of the liquid crystal display device according to the
first example;
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[0101] FIG. 6 is a schematic cross-sectional view of a
liquid crystal display device as a modification of the first
example of the present invention;

[0102] FIG. 7 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 6;

[0103] FIGS. 8A and 8B are schematic cross-sectional
views illustrating steps for producing an active matrix

substrate of the liquid crystal display device shown in FIGS.
6 and 7,

[0104] FIG. 9 is a schematic cross-sectional view of the
liquid crystal display device according to a second example
of the present invention;

[0105] FIG. 10 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 9;

[0106] FIGS. 11A through 11]J are schematic cross-sec-
tional views illustrating steps for producing an active matrix

substrate of the liquid crystal display shown in FIGS. 9 and
10,

[0107] FIG. 12 is a schematic cross-sectional view of a
liquid crystal display device as a modification of the second
example of the present invention;

[0108] FIG. 13 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 12;

[0109] FIGS. 14A and 14B are cross-sectional views
illustrating steps for producing an active matrix substrate of
the liquid crystal display device shown in FIGS. 12 and 13;

[0110] FIGS. 15A and 15B are each a schematic plan
view of a portion of an active matrix substrate of a liquid
crystal display device according to a third example of the
present invention, where one gate line and one signal line
cross each other;

[0111] FIG. 16 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 15A and 15B
taken along line A-A of FIGS. 15A and 15B;

[0112] FIG. 17 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 15A and 15B
taken along line B-B of FIGS. 15A and 15B;

[0113] FIGS. 18A through 18G are schematic cross-
sectional views illustrating steps for producing an active
matrix substrate of the liquid crystal display device accord-
ing to the third example;

[0114] FIG. 19 is a schematic cross-sectional view of a
liquid crystal display device as a modification of the third
example of the present invention;

[0115] FIG. 20 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 19;

[0116] FIG. 21 is a schematic cross-sectional view of a
liquid crystal display device according to a fourth example
of the present invention;

[0117] FIG. 22 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 21;

[0118] FIG. 23 is a schematic cross-sectional view of a
liquid crystal display device as a modification of the fourth
example of the present invention;
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[0119] FIG. 24 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 23;

[0120] FIG. 25 is a schematic cross-sectional view of a
liquid crystal display device according to a fifth example of
the present invention;

[0121] FIG. 26 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 25;

[0122] FIG. 27 is a schematic cross-sectional view of a
liquid crystal display device as a modification of the fifth
example of the present invention;

[0123] FIG. 28 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 27;

[0124] FIG. 29 is a schematic cross-sectional view of a
liquid crystal display device according to a sixth example of
the present invention;

[0125] FIG. 30 is a schematic cross-sectional view of the
liquid crystal display device shown in FIG. 29;

[0126] FIGS. 31A and 31B are each a schematic plan
view of a portion of an active matrix substrate of a liquid
crystal display device according to a seventh example of the
present invention, where one gate line and one signal line
cross each other;

[0127] FIG. 32 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 31A and 31B
taken along line B-B of FIGS. 31A and 31B;

[0128] FIGS. 33A through 33G are schematic cross-
sectional views illustrating steps for producing an active
matrix substrate of the liquid crystal display device accord-
ing to the seventh example;

[0129] FIG. 34 is a schematic cross-sectional view of a
liquid crystal display device as a modification of the seventh
example of the present invention;

[0130] FIG. 35 is a schematic cross-sectional view of a
liquid crystal display device according to an eighth example
of the present invention,

[0131] FIGS. 36A and 36B are schematic cross-sectional
views illustrating a structure of a TFT included in a liquid
crystal display device according to a ninth example of the
present invention,

[0132] FIGS. 37A and 37B are cach a schematic plan
view of a portion of an active matrix substrate of a conven-
tional liquid crystal display device, where one gate line and
one signal line cross each other;

[0133] FIG. 38 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 37A and 37B
taken along line A-A of FIGS. 37A and 37B; and

[0134] FIG. 39 is a schematic cross-sectional view of the
liquid crystal display device shown in FIGS. 37A and 37B
taken along line B-B of FIGS. 37A and 37B.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0135] Hereinafter, the present invention will be described
by way of illustrative examples with reference to the accom-
panying drawings.
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[0136] In this specification, when describing a layer
formed on another layer, the term “on” does not necessarily
mean that the layers are in contact with one another.

[0137] In this specification, the description is presented
regarding an area of a liquid crystal display device corre-
sponding to one TFT for the sake of simplicity.

EXAMPLE 1

[0138] FIGS. 1A and 1B are each a schematic plan view
of a portion of an active matrix substrate 10 of a liquid
crystal display device 100, according to a first example of
the present invention, where one gate line 12 and one signal
line 13 cross each other.

[0139] FIGS. 1A and 1B cach show only one gate line 12
and one signal line 13, but the active matrix substrate 10
includes a plurality of gate lines 12 and a plurality of signal
lines 13 crossing each other perpendicularly.

[0140] The plurality of gate lines 12 are provided above a
transparent plate 11 (FIG. 2) of the active matrix substrate
10 and parallel to each other. The plurality of signal lines 13
are provided above the transparent plate 11 and parallel to
each other. The gate lines 12 and the signal lines 13 cross
each other.

[0141] FIGS. 1A and 1B represent the same liquid crystal
display device 100 such that the positions of light shielding
layers are clear as explained below.

[0142] In FIG. 1A, an upper light shielding layer 18
provided above a TFT 60 is hatched so as to clearly show the
position thereof. The upper light shielding layer 18 acts to
prevent light from being incident on the TFT 60 from above
the active matrix substrate 10.

[0143] In FIG. 1B, a lower light shielding layer 16
provided below the TFT 60 is dotted so as to clearly show
the position thereof. The lower light shielding layer 16 acts
to prevent light from being incident on the TFT 60 from
below the active matrix substrate 10.

[0144] As shown in FIG. 1A, the upper light shiclding
layer 18 is provided so as to cover a first contact hole 27, the
gate line 12, the signal line 13, a portion of a polycrystalline
silicon (Si) layer 31, a portion of a capacitance electrode 15
and a portion of the TFT 60.

[0145] As shown in FIG. 1B, the lower light shielding
layer 16 is provided so as to cover a portion of the gate line
12, the signal line 13, the first contact hole 27, a second
contact hole 28, a third contact hole 294, a fourth contact
hole 324, the polycrystalline silicon (Si) layer 31, and the
TFT 60.

[0146] As described above, the active matrix substrate 10
includes the plurality of gate lines 12 and the plurality of
signal lines 13.

[0147] In an area surrounded by two gate lines 12 and two
signal lines 13, a pixel electrode 14 is provided.

[0148] The capacitance electrode 15 is provided in the
vicinity of the gate line 12 so as to be parallel to the gate line
12. The capacitance electrode 15 is formed such that a width
of the capacitance electrode 15 is larger than the width of the
gate line 12.
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[0149] The polycrystalline silicon layer 31 of n-type used
as a part of the TFT 60 is provided below a portion of the
signal line 13 which crosses the gate line 12. The polycrys-
talline silicon layer 31 is a type of semiconductor layer. The
polycrystalline silicon layer 31 has an LDD (lightly doped
drain) structure. The width of the polycrystalline silicon
layer 31 is smaller than the width of the signal line 13. The
polycrystalline silicon layer 31 includes a channel region
31a, a lightly doped drain (LDD) region (N7) 31d provided
between the channel region 314 and the first contact hole 27,
and a lightly doped drain (LDD) region (N7) 31e provided
between the channel region 31a and the second contact hole
28.

[0150] The polycrystalline silicon layer 31 extends along
the signal line 13 so as to cross the gate line 12. The
polycrystalline silicon layer 31 has a branch portion extend-
ing so as to be below the capacitance electrode 15. The
branch portion below the capacitance electrode 15 has a
width smaller than the width of the capacitance electrode 15.

[0151] The lower light shielding layer 16 is provided
below the polycrystalline silicon layer 31. The width of the
lower light shielding layer 16 is larger than the width of the
polycrystalline silicon layer 31. The lower light shielding
layer 16 is provided so as to cover the polycrystalline silicon
layer 31 from below and to cover the gap between the
capacitance electrode 15 and the gate line 12 in the vicinity
thereof.

[0152] In the first contact hole 27, a source electrode 33 of
the TFT 60 is provided.

[0153] In the second contact hole 28, a drain electrode 34
of the TFT 60 is provided.

[0154] A portion of the gate line 12 crossing the TFT 60
acts as a gate electrode of the TFT 60.

[0155] In FIGS. 1A and 1B, side light shielding layers 23
are represented by bold dashed line. As shown in FIGS. 1A
and 1B, the side light shielding layers 23 are provided along
the gate line 12 and the signal line 13.

[0156] FIG. 2 is a schematic cross-sectional view of the
liquid crystal display device 100 taken along line A-A of
FIGS. 1A and 1B, and FIG. 3 is a schematic cross-sectional
view of the liquid crystal display device 100 taken along line
B-B of FIGS. 1A and 1B.

[0157] As shown in FIGS. 2 and 3, the liquid crystal
display device 100 includes the active matrix substrate 10
and a counter substrate 40, and a liquid crystal layer 50
interposed between the active matrix substrate 10 and the
counter substrate 40.

[0158] The counter substrate 40 includes a transparent
plate 41 formed of quartz glass, a transparent electrode 42
provided on the transparent plate 41, and an alignment layer
43 provided on the transparent electrode 42. The transparent
plate 41 acts as the base plate of the counter substrate 40.

[0159] The active matrix substrate 10 includes the trans-
parent plate 11 formed of quartz glass. The transparent plate
11 acts as the base plate of the active matrix substrate 10.

[0160] The lower light shielding layer 16 is provided on
the transparent plate 11, and a first interlayer insulating layer
17 is provided on the transparent plate 11 so as to cover the
lower light shielding layer 16.



US 2004/0008295 Al

[0161] The first interlayer insulating layer 17 includes a
stepped portion having a larger thickness than the remaining
portion thereof. The stepped portion is above a central
portion of the lower light shielding layer 16, i.e., except for
two edge portions of the lower light shielding layer 16. The
stepped portion has walls which are substantially perpen-
dicular to the transparent plate 11. The stepped portion
extends along the signal line 13.

[0162] The polycrystalline silicon layer 31 is provided on
the stepped portion of the first interlayer insulating layer 17.
More specifically, the polycrystalline silicon layer 31 is
provided on a central portion of the stepped portion of the
first interlayer insulating layer 17 in the width direction of
the signal line 13. A second interlayer insulating layer (gate
insulating layer) 19 is provided on the stepped portion of the
first interlayer insulating layer 17 so as to cover the poly-
crystalline silicon layer 31.

[0163] The gate line 12 and the capacitance electrode 15
are provided on the second interlayer insulating layer 19.

[0164] A third interlayer insulating layer 21 is provided on
the second interlayer insulating layer 19 so as to cover the
gate line 12 and the capacitance electrode 15.

[0165] A portion of the polycrystalline silicon layer 31
below the gate line 12 is the channel region 31a of the TFT
60 having an LDD structure.

[0166] The polycrystalline silicon layer 31 includes the
channel region 31a acting as a channel of the TFT 60, a
source region 32b of the TFT 60, a drain region 3¢ of the
TFT 60, the lightly doped drain (LDD) region (N7) 31d
between the channel region 31a and the source region 31b,
and the lightly doped drain (LDD) region (N”) 31e between
the channel region 31¢ and the drain region 3lc.

[0167] The third interlayer insulating layer 21 has a flat
top surface. Side surfaces of the second interlayer insulating
layer 19 and side surfaces of the third interlayer insulating
layer 21 are aligned with and continuous to the side surfaces
of the stepped portion of the first interlayer insulating layer
17. These side surfaces are substantially perpendicular to the
transparent plate 11.

[0168] The side surfaces of the first interlayer insulating
layer 17, the second interlayer insulating layer 19 and the
third interlayer insulating layer 21 are covered with the side
light shielding layers 23.

[0169] The side light shielding layers 23 are patterned into
a prescribed shape, so as to be along side edges of the
polycrystalline silicon layer 31 and side edges of the gate
line 12 (as represented by bold dashed line in FIGS. 1A and
1B). Thus, the side light shielding layers 23 are provided so
as to cover side surfaces of the TET 60.

[0170] The top surface of the side light shielding layers 23
is at the same level as and continuous to the top surface of
the interlayer insulating layer 21 and is substantially flat.

[0171] Dummy insulating layers 24 are provided on the
first interlayer insulating layer 17 except for the stepped
portion. The dummy insulating layers 24 are provided at an
appropriate distance from the side light shielding layers 23.

[0172] The top surface of the dummy layers 24 is sub-
stantially at the same level as the top surfaces of the third
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interlayer insulating layer 21 and the side light shielding
layers 23, and is substantially flat.

[0173] A fourth interlayer insulating layer 25 is provided
so as to cover the dummy insulating layers 24, the third
interlayer insulating layer 21 and the side light shielding
layers 23.

[0174] The fourth interlayer insulating layer 25 is also
provided between the dummy insulating layers 24 and the
side light shielding layers 23. The top surface of the fourth
interlayer insulating layer 25 is entirely flat.

[0175] The first contact hole 27 and the second contact
hole 28 are formed in the second interlayer insulating layer
19, the third interlayer insulating layer 21, and the fourth
interlayer insulating layer 25.

[0176] The first contact hole 27 is filled with a conductive
which is the same as the material of the signal line 13 so as
to form the source electrode 33 of the TFT 60. The source
electrode 33 electrically connects the signal line 13 and the
source region 31b of the polycrystalline silicon layer 31.

[0177] The signal line 13 is provided on the fourth inter-
layer insulating layer 25 in a prescribed pattern.

[0178] The second contact hole 28 is filled with a con-
ductive which is the same as the material of a connecting
electrode 26 so as to form the drain electrode 34 of the TFT
60. The drain electrode 34 electrically connects the connect-
ing electrode 26 and the drain region 31c of the polycrys-
talline silicon layer 31.

[0179] The connecting electrode 26 is formed on the
fourth interlayer insulating layer 25 in a rectangular pattern.

[0180] A fifth interlayer insulating layer 29 is provided on
the fourth interlayer insulating layer 25 so as to cover the
signal line 13 and the connecting electrode 26. A third
contact hole 294 is provided in the fifth interlayer insulating
layer 29 so as to expose the connecting electrode 26. The top
surface of the fifth interlayer insulating layer 29 is entirely
flat.

[0181] The upper light shielding layer 18 which is pat-
terned as prescribed is provided on the fifth interlayer
insulating layer 29. The upper light shielding layer 18 is
formed of a conductive material.

[0182] The upper light shiclding layer 18 is electrically
connected to the connecting electrode 26 via the third
contact hole 29a.

[0183] Asixth interlayer insulating layer 32 is provided on
the fifth interlayer insulating layer 29 so as to cover the
upper light shielding layer 18.

[0184] A fourth contact hole 32 is provided in the sixth
interlayer insulating layer 32 in the vicinity of the third
contact hole 29a.

[0185] The pixel electrodes 14 are provided on the sixth
interlayer insulating layer 32 in a prescribed pattern. Each of
the pixel electrodes 14 is connected to the upper light
shielding layer 18 via the fourth contact hole 32a.

[0186] Each pixel electrode 14 is provided between two
adjacent signal lines 13 and two adjacent gate lines 12. The
pixel electrodes 14 overlap with the gate line 12 and the
capacitance electrode 15, such that an interval between two
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adjacent pixel electrodes 14 is between a gate line 12 and a
corresponding capacitance electrode 185.

[0187] An alignment layer 36 is provided on the sixth
interlayer insulating layer 32 so as to cover the plurality of
pixel electrodes 14.

[0188] The active matrix substrate 10 and the counter
substrate 40 are located such that alignment layer 36 of the
active matrix substrate 10 and the alignment layer 43 of the
counter substrate 40 are opposed to each other with a
prescribed distance therebetween. A liquid crystal layer 50 is
provided between the alignment layer 36 and the alignment
layer 43. Thus, the liquid crystal display device 100 is
completed.

[0189] FIG. 4 shows a schematic structure of the TFT 60
provided in the active matrix substrate 10. The polycrystal-
line silicon layer 31 provided on the first interlayer insulat-
ing layer 17 is covered with the second interlayer insulating
layer 19.

[0190] The gate line 12 is provided on a portion of the
second interlayer insulating layer 19 which is a substantially
central portion of the polycrystalline silicon layer 31. In the
area of the polycrystalline silicon layer 31 corresponding to
the gate line 12, the channel region 31a is provided.

[0191] On the first interlayer insulating layer 17, the third
interlayer insulating layer 21 and the fourth interlayer insu-
lating layer 25 are sequentially provided so as to cover the
gate line 12 and the second interlayer insulating layer 19.
Two portions of the polycrystalline silicon layer 31 dis-
tanced from the center of the polycrystalline silicon layer 31
respectively act as the source region 315 and the drain region
e.

[0192] The first contact hole 27 and the second contact
hole 28 are formed in the third interlayer insulating layer 21
and the fourth interlayer insulating layer 25. The first contact
hole 27 is formed at a position corresponding 5 to the source
region 31b. The second contact hole 28 is formed at a
position corresponding to the drain region 31c. The source
electrode 33 is provided in the first contact hole 27, and the
drain electrode 34 is provided in the second contact hole 28.

[0193] Regarding the polycrystalline silicon layer 31, the
LDD region (N7) 31d is located between the channel region
314 and the source region 31b, and the LDD region (N7) 31e
is located between the channel region 31a and the drain
region 31c.

[0194] The TFT 60 includes the polycrystalline silicon
layer 31 (the channel region 314, the source region 315, the
drain region 31¢, the LDD regions 314 and 31e), a part of the
gate line 12, the second interlayer insulating layer 19, the
source electrode 33 and the drain electrode 34.

[0195] FIGS. 5A through 5K are schematic cross-sec-
tional views illustrating steps for producing the active matrix
substrate 10 of the liquid crystal display device 100 shown
in FIGS. 1 through 3. The cross-sectional views of FIGS.
5A through 5K correspond to the cross-sectional view of
FIG. 3.

[0196] First, on the transparent plate 11 formed of quartz
glass (FIG. 5A), a polycrystalline silicon layer doped with
P (phosphorus) is formed to a thickness of 50 nm, and then
a WSI layer is formed to a thickness of 100 nm. The
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polycrystalline silicon layer and the WSi layer are patterned,
thereby forming the lower light shielding layer 16 as shown
in FIG. 5A.

[0197] Next, an SiO, layer is formed by CVD on the entire
surface of the transparent plate 11 to a thickness of, for
example, 400 nm so as to cover the lower light shielding

layer 16, thereby forming the first interlayer insulating layer
17 as shown in FIG. 5A.

[0198] A polycrystalline silicon layer is formed by CVD
on the entire surface of the first interlayer insulating layer 17
to a thickness of, for example, 50 nm, and patterned as
prescribed, thereby forming the polycrystalline silicon layer
31 above the lower light shielding layer 16. The polycrys-
talline silicon layer 31 is used as a part of the TFT 60. The
polycrystalline silicon layer 31 is formed such that a bottom
surface thereof is covered with the lower shielding layer 16.

[0199] The second interlayer insulating layer (gate insu-
lating layer) 19 formed of SiO, is formed by CVD on the
entire surface of the first interlayer insulating layer 17 to a
thickness of, for example, 80 nm so as to cover the poly-
crystalline silicon layer 31 (FIG. 5A).

[0200] A polycrystalline silicon layer doped with P and a
WS layer are sequentially formed on the entire surface of
the second interlayer insulating layer 19, each to a thickness
of, for example, 150 nm, and patterned as prescribed,
thereby forming the gate line 12 and the capacitance elec-
trode 15 (FIG. 5A). The capacitance electrode 15 is for a
storage capacitance device.

[0201] As shown in FIG. 5B, impurities are implanted by
ion implantation into the polycrystalline silicon layer 31
(acting as a part of the TFT 60) using the gate line 12 and
the capacitance electrode 15 as a mask. For example, P is
implanted at a dose of about 1x10** cm™.

[0202] Impurities are implanted by ion implantation into
regions of the polycrystalline silicon layer 31 using the resist
layer (not shown) as a mask, thereby forming the source
region 316 and the drain region 3lc. For example, P is
implanted at dose of about 3x10" cm™>. Thus, in addition to
the source region 315 and the drain region 31c, the LDD
region 31d is formed between the channel region 314 and the
source region 31b, and the ILDD region 3le is formed
between channel region 31a and the drain region 3lc.

[0203] As shown in FIG. 5C, an SiO, layer is formed by
plasma CVD using TEOS (tetracthylorthosilicate) as a mate-
rial gas on the entire surface of the second interlayer
insulating layer 19 so as to cover the gate line 12 and the
capacitance electrode 15 (both having a height of about 500
nm from the second interlayer insulating layer 19). The SiO,
layer is formed to a thickness of, for example, about 600 nm,
i.e., a larger thickness than the thickness of the gate line 12
and the capacitance electrode 15.

[0204] As shown in FIG. 5D, the SiO, layer is polished by
CMP (chemical mechanical polishing) until the thickness of
the SiO, layer on the gate line 12 becomes, for example, 200
nm, and thus flattened, thereby forming the third interlayer
insulating layer 21.

[0205] For example, the CMP is performed using a pol-
ishing cloth (for example, “IC-1400-050A2” (trade name)),
a CMP polishing cloth (for example, “supreme RN-H24PJ”
(trade name)) and a slurry (for example, “Semi-Sperse 12®”
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(trade name)”, which is diluted two-fold from “Semi-Sperse
25®” from Cabot Corporation), at a polishing solution flow
rate of 150 scem, a polishing head pressure of 8 psi, a carrier
rotation rate of 32 rpm, and a platen rotation rate of 28 rpm.

[0206] As shown in FIG. 5E, portions of the third inter-
layer insulating layer 21, portions of the second interlayer
insulating layer 19 and portions of the first interlayer insu-
lating layer 17, which are above the edges of the lower
shielding layer 16 and outside the lower shielding layer 16,
are removed by general photolithography and anisotropic
dry etching. Thus, a stepped portion having walls substan-
tially perpendicular to the transparent plate 11 is formed.
The height of the walls is about 800 nm.

[0207] As shown in FIG. 5F, a polycrystalline silicon
layer doped with P and a WSi layer are sequentially formed
on the resultant laminate, each to a thickness of about 100
nm, thereby forming a laminate layer 23a. As shown in FIG.
5G, the laminate layer 23a is etched by anisotropic dry
etching, thereby leaving the laminate layer 234 only on the
walls of the stepped portion as the side light shielding layers
23.

[0208] As shown in FIG. 5H, an SiO, layer is formed by
plasma CVD using TEOS as a material gas on the resultant
laminate. The SiO, layer is formed to a uniform thickness of
about 800 nm, which is about the same as the height of the
side light shielding layers 23. Then, the SiO, layer is
patterned, thereby forming the dummy insulating layers 24
(FIG. 5I). Above the edges of the lower shielding layer 16,
grooves 24a are formed between each dummy insulating
layer 24 and the corresponding side light shielding layer 23,
thereby exposing the first interlayer insulating layer 17.

[0209] As shown in FIG. 5J, an SiO, layer is formed by
plasma CVD using TEOS as a material gas to a thickness of,
for example, about 1.5 um on the resultant laminate. The
SiO_layer is provided so as to fill the grooves 24a between
the dummy insulating layers 24 and the side light shiclding
layers 23. The SiO, layer is flattened, thereby forming the
fourth interlayer insulating layer 25.

[0210] Prescribed portions of the third interlayer insulat-
ing layer 21 and the second interlayer insulating layer 19 are
etched, thereby forming the first contact hole 27 and the
second contact hole 28 both of which reach the polycrys-
talline silicon layer 31 (FIG. 5K).

[0211] Then, a TiW layer having a thickness of 150 nm, an
Al layer having a thickness of 400 nm, and a TiW layer
having a thickness of 100 nm are sequentially formed on the
resultant laminate. These layers are also provided so as to fill
the first contact hole 27 and the second contact hole 28,
thereby forming the source electrode 33 of the TFT 60 in the
first contact hole 27 and forming the drain electrode 34 of
the TFT 60 in the second contact hole 28. The TiW layer, the
Al layer and the TiW layer formed on the fourth interlayer
insulating layer 25 are patterned as prescribed, thereby
forming the connecting electrode 26 connected to the drain
electrode 34 and the signal line 13 connected to the source
electrode 33 on the fourth interlayer insulating layer 25.

[0212] The fifth interlayer insulating layer 29 is formed by
plasma CVD using TEOS as a material gas on the resultant
laminate. The fifth interlayer insulating layer 29 is formed
such that the thickness of the fifth interlayer insulating layer
29 on the signal line 13 is, for example, about 800 nm. The

Jan. 15, 2004

fifth interlayer insulating layer 29 is polished by CMP until
the thickness of the fifth interlayer insulating layer 29 on the
signal line 13 becomes, for example, about 500 nm and thus
flattened.

[0213] A prescribed portion of the fifth interlayer insulat-
ing layer 29 is etched, thereby forming a third contact hole
29a which reaches the connecting electrode 26.

[0214] Then, a TiW layer having a thickness of about 125
nm is formed by, for example, vapor deposition or sputtering
on the resultant laminate, so as to be on the fifth interlayer
insulating layer 29 and so as to fill the third contact hole 29a.
The TiW layer is then patterned, thereby forming the upper
light shielding layer 18 connected to the connecting elec-
trode 26 via the third contact hole 29a. The upper light
shielding layer 18 is conductive.

[0215] The sixth interlayer insulating layer 32 having a
thickness of, for example, 500 nm is formed by plasma CVD
using TEOS as a material gas on the resultant laminate. The
sixth interlayer insulating layer 32 is polished by CMP to a
thickness of, for example, 200 nm and thus flattened.

[0216] A prescribed portion of the sixth interlayer insu-
lating layer 32 is etched, thereby forming the fourth contact
hole 32a which reaches the upper light shielding layer 18.

[0217] An ITO layer having a thickness of, for example,
100 nm is formed on the entire surface of the resultant
laminate, and patterned as prescribed, thereby forming the
plurality of pixel electrodes 14 which are arranged in a
matrix.

[0218] Asshown in FIGS. 2 and 3, the alignment layer 36
is formed on the sixth interlayer insulating layer 32 so as to
cover all the pixel electrodes 14.

[0219] In this manner, the active matrix substrate 10 is
produced.
[0220] The counter substrate 40 is formed by forming the

transparent electrode 42 on the entire surface of the trans-
parent plate 41, and then forming the alignment layer 43 on
the entire surface of the transparent electrode 42.

[0221] The active matrix substrate 10 and the counter
substrate 40 are located such that the alignment layers 36
and 43 thereof are opposed to each other with a prescribed
distance therebetween. The liquid crystal layer 50 is pro-
vided between the alignment layers 36 and 43. Thus, the
liquid crystal display device 100 is produced.

[0222] 1Inthe liquid crystal display device 100 having such
a structure, the side light shielding layers 23 are provided on
both sides of the TFT 60, substantially perpendicularly to the
transparent plate 11. More specifically, the side light shield-
ing layers 23 are provided on both sides of the polycrystal-
line silicon layer 31 used as a part of the TFT 60. Accord-
ingly, for example, light obliquely incident on the active
matrix substrate 10 through the transparent plate 11 from
below the active matrix substrate 10 (indicated by chain line
in FIG. 2), and the light reflected by the optical system (not
shown), are shielded by the side light shielding layers 23,
and therefore are not incident on the polycrystalline silicon
layer 31. Owing to such a structure, generation of leak
current in the channel region 31a, which is caused by light
incident on the polycrystalline silicon layer 31, is prevented
with certainty.
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[0223] The side light shielding layers 23 also shield light
from being incident on the polycrystalline silicon layer 31
through the edges of the upper light shielding layer 18 or the
lower light shielding layer 16. The side light shielding layers
23 further shield light from being incident on the polycrys-
talline silicon layer 31 after being multiple-reflected
between the upper light shielding layer 18 above the TFT 60
and the lower light shielding layer 16 below the TFT 60.
Owing to such a structure, generation of leak current in the
TFT 60 is prevented with certainty.

[0224] The lower light shielding layer 16, the upper light
shielding layer 18, and the side light shielding layers 23 may
be formed of polycrystalline silicon. Polycrystalline silicon
is easy to process and generally used in semiconductor
devices, and high temperature and low temperature poly-
crystalline silicon liquid crystal devices. The lower light
shielding layer 16, the upper light shielding layer 18, and the
side light shielding lavers 23 may be each formed of metal
or metal silicide or a two-component structure of metal or
metal silicide and polycrystalline silicon. In this case, the
light shielding property of the lower light shielding layer 16,
the upper light shielding layer 18, and the side light shield-
ing layers 23 can be improved. Usable metals include W,
Mo, Pt, Pd, Ti, Cr and compounds thereof.

[0225] The transmittance of the lower light shielding layer
16, the upper light shielding layer 18, and the side light
shielding layers 23 is, with respect to light having a wave-
length of 400 nm to 500 nm, preferably 50% or less, and
more preferably 10% or less, in order to reduce the genera-
tion of light leak current in the TFT 60.

[0226] The thickness of each of the lower light shielding
layer 16, the upper light shiclding layer 18, and the side light
shielding layers 23 is preferably 10 to 1000 nm, and more
preferably 100 to 400 nm.

[0227] The lower light shielding layer 16, the upper light
shielding layer 18, and the side light shiclding layers 23 may
be the same or different in material, transmittance and
thickness.

[0228] As described above, the side light shielding layers
23 are formed by (i) partially removing the third interlayer
insulating layer 21, the second interlayer insulating layer 19
and the first interlayer insulating layer 17 to form a stepped
portion, (ii) next, forming a layer to be formed into the side
light shielding layers 23, and then (iii) processing the layer
by dry etching, thereby leaving the layer on the walls of the
stepped portion.

[0229] Tt is preferable to, before the stepped portion is
formed, flatten the surface of the third interlayer insulating
layer 21 for the following reason. Where there is a stepped
portion in an area other than the areas in which the side light
shielding layers 23 are to be formed, the side light shielding
layer is formed along the stepped portion. Specifically, the
third interlayer insulating layer 21 is preferably flattened by
CMP.

[0230] The side light shielding layers 23 are provided to
be substantially perpendicular to the transparent plate 11
above the side edges of the lower light shielding layer 16
with the first interlayer insulating layer 17 being interposed
therebetween. Therefore, the side light shielding layers 23
are electrically floating. The present invention is not limited
to such a structure.
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[0231] FIG. 6 is a schematic cross-sectional view of a
liquid crystal display device 100A as a modification of the
first example of the present invention. FIG. 6 corresponds to
FIG. 2. FIG. 7 is a schematic cross-sectional view of the
liquid crystal display device 100A shown in FIG. 6. FIG. 7
corresponds to FIG. 3.

[0232] As shown in FIGS. 6 and 7, in the liquid crystal
display device 100A, side light shielding layers 23A are in
contact with side edges of the lower light shielding layer 16
and are substantially perpendicular to the transparent plate
11. Since at least one side light shielding layer 23A is in
contact with the side edge(s) of the lower light shielding
layer 16, the side light shielding layer 23A is electrically
fixed to the same potential as the surface of the lower light
shielding layer 16. As a result, change in the characteristics
of the TFT 60, which may be caused by the parasitic
capacitances in the side light shielding layer 23A and areas
in the vicinity thereof, is suppressed.

[0233] The liquid crystal display device 100A having such
a structure is produced by the method described above with
reference to FIGS. 5A through 5K except for the following
point. In the step shown in FIG. 5E, the partial removal of
the third interlayer insulating layer 21, the second interlayer
insulating layer 19 and the first interlayer insulating layer 17
is performed until the side edges of the lower light shielding
layer 16 are exposed.

[0234] FIGS. 8A and 8B are schematic cross-sectional
views illustrating steps for producing an active matrix
substrate 10A of the liquid crystal display device 100A
shown in FIGS. 6 and 7. The cross-sectional views of
FIGS. 8A and 8B respectively correspond to FIGS. 5F and
3G

[0235] As shown in FIG. 8A, a polycrystalline silicon
layer doped with P and a WS layer are sequentially formed
on the resultant laminate, each to a thickness of about 100
nm, thereby forming a laminate layer 23a. As shown in FIG.
8B, the laminate layer 23a is etched by anisotropic dry
etching, thereby leaving the laminate layer 234 only on the
walls of the stepped portion as the side light shielding layers
23A.

[0236] After this, the liquid crystal display device 100A
including the active matrix substrate 10A is produced by the
method described above.

EXAMPLE 2

[0237] In the first example, the side light shielding layers
are provided so as to cover the side surfaces of the poly-
crystalline silicon layer and the gate line which is provided
above the polyerystalline silicon layer. The present inven-
tion is not limited to such a structure. The side light shielding
layers may be provided so as to also cover the side surfaces
of the signal line provided above the polycrystalline silicon
layer.

[0238] 1In a second example of the present invention, a
liquid crystal display device in which the side light shielding
layer for covering the side surfaces of the signal line
provided above the polycrystalline silicon layer, in addition
to the side surfaces of the polycrystalline silicon layer and
the gate line provided above the polycrystalline silicon layer
will be described.
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[0239] FIG. 9 is a schematic cross-sectional view of a
liquid crystal display device 100B according to the second
example of the present invention. FIG. 9 corresponds to
FIG. 2. FIG. 10 is a schematic cross-sectional view of the
liquid crystal display device 100B shown in FIG. 9. FIG. 10
corresponds to FIG. 3.

[0240] The liquid crystal display device 100B has sub-
stantially the same structure as that of the liquid crystal
display device 100 described in the first example, except that
side light shielding layers 23B cover the side surfaces of the
signal line 13 provided above the polycrystalline silicon
layer 31 in addition to the side surfaces of the polvcrystalline
silicon layer 31 and the gate line 12 provided above the
polycrystalline silicon layer 31.

[0241] FIGS. 11A through 11]J are schematic cross-sec-
tional views illustrating steps for producing an active matrix
substrate 10B of the liquid crystal display device 100B
shown in FIGS. 9 and 10. The liquid crystal display device
100B is produced as follows.

[0242] First, on the transparent plate 11 formed of quartz
glass (FIG. 11A), a polycrystalline silicon layer doped with
P (phosphorus) is formed to a thickness of 50 nm, and then
a WSI layer is formed to a thickness of 100 nm. The
polycrystalline silicon layer and the WSi layer are patterned,
thereby forming the lower light shielding layer 16 as shown
in FIG. 11A.

[0243] Next, an SiO, layer is formed by CVD on the entire
surface of the transparent plate 11 to a thickness of, for
example, 400 nm so as to cover the lower light shielding
layer 16, thereby forming the first interlayer insulating layer
17 as shown in FIG. 11A.

[0244] A polycrystalline silicon layer is formed by CVD
on the entire surface of the first interlayer insulating layer 17
to a thickness of, for example, 50 nm, and patterned as
prescribed, thereby forming the polyerystalline silicon layer
31 above the lower light shielding layer 16. The polycrys-
talline silicon layer 31 is used as a part of the TET 60.

[0245] The second interlayer insulating layer (gate insu-
lating layer) 19 formed of SiO, is formed by CVD on the
entire surface of the first interlayer insulating layer 17 to a
thickness of, for example, 80 nm so as to cover the poly-
crystalline silicon layer 31 (FIG. 11A).

[0246] A polycrystalline silicon layer doped with P and a
WS layer are sequentially formed on the entire surface of
the second interlayer insulating layer 19, each to a thickness
of, for example, 150 nm, and patterned as prescribed,
thereby forming the gate line 12 and the capacitance elec-
trode 15 (FIG. 11A). The capacitance electrode 15 is for a
storage capacitance device.

[0247] Impurities are implanted by ion implantation into
the polycrystalline silicon layer 31 (acting as a part of the
TFT 60) using the gate line 12 and the capacitance electrode
15 as a mask. For example, P is implanted at a dose of about
1x10*3 ecm™=.

[0248] Impurities are implanted by ion implantation into
regions of the polycrystalline silicon layer 31 using the resist
layer (oot shown) as a mask, thereby forming the source
region 31b and the drain region 31c. For example, P is
implanted at dose of about 3x10** cm=2. Thus, in addition to
the source region 315 and the drain region 31c¢, the LDD
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region 31d is formed between the channel region 31a and the
source region 31D, and the LDD region 3le is formed
between the channel region 31a and the drain region 3lc.

[0249] As shown in FIG. 11B, an SiO, layer is formed by
plasma CVD using TEOS as a material gas on the entire
surface of the second interlayer insulating layer 19 to a
thickness of, for example, 600 nm so as to cover the gate line
12 and the capacitance electrode 15.

[0250] Then, the SiO, layer is polished by CMP to have a
thickness on the gate line 12 of, for example, 200 nm, and
thus flattened, thereby forming a third interlayer insulating
layer 21.

[0251] Prescribed portions of the third interlayer insulat-
ing layer 21 and prescribed portions of the second interlayer
insulating layer 19 are etched, thereby forming the first
contact hole 27 reaching the source region 315 of the
polycrystalline silicon layer 31 and the second contact hole
28 reaching the drain region 31c of the polycrystalline
silicon layer 31 (FIG. 11B).

[0252] Then,a TiW layer having a thickness of 150 nm, an
Al layer having a thickness of 400 nm, and a TiW layer
having a thickness of 100 nm are sequentially formed on the
resultant laminate, and patterned as prescribed, thereby
forming the source electrode 33 in the first contact hole 27
and forming the drain electrode 34 in the second contact hole
28. The connecting electrode 26 and the signal line 13 are
also formed on the third interlayer insulating layer 21.

[0253] The fourth interlayer insulating layer 25 is formed
by plasma CVD using TEOS as a material gas on the
resultant laminate, such that the thickness of the fourth
interlayer insulating layer 25 on the signal line 13 is, for
example, a thickness of 800 nm, which is greater than the
thickness of the signal line 13. The fourth interlayer insu-
lating layer 25 is polished by CMP until the thickness of the
fourth interlayer insulating layer 25 on the signal line 13
becomes about 600 nm, thereby flattening the fourth inter-
layer insulating layer 25 (FIG. 11D).

[0254] As shown in FIG. 11E, portions of the fourth
interlayer insulating layer 25, portions of the third interlayer
insulating layer 21, portions of the second interlayer insu-
lating layer 19 and portions of the first interlayer insulating
layer 17, which are above the side edges of the lower
shiclding layer 16 and outside the lower shielding layer 16,
are removed by general photolithography and anisotropic
dry etching. Thus, a stepped portion having walls substan-
tially perpendicular to the transparent plate 11 is formed.
The height of the walls is about 1.8 um.

[0255] As shown in FIG. 11F, a TiW layer 23b having a
thickness of 150 nm is formed and processed by anisotropic
dry etching, thereby leaving the TiW layer 23b on the walls
of the stepped portion. As shown in FIG. 11G, the side light
shiclding layers 23B for covering the side surfaces of the
signal line 13 in addition to the side surfaces of the poly-
crystalline silicon layer 31 and the gate line 12 are formed.

[0256] An insulating layer formed of SiO, is formed by
plasma CVD using TEOS as a material gas on the resultant
laminate to a thickness of about 1.8 um, which is about the
same as the height of the stepped portion. Then, the insu-
lating layer is patterned, thereby forming the dummy insu-
lating layers 24 (FIG. 11H). Grooves 244 are made between
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each dummy insulating layer 24 and the corresponding side
light shielding layer 23B, thereby exposing the first inter-
layer insulating layer 17.

[0257] An SiO, layer is formed by plasma CVD using
TEOS as a material gas on the resultant laminate until the
thickness of the SiO, layer on the surface of the dummy
insulating layers 24 and the fourth interlayer insulating layer
25 becomes, for example, 1.5 um. The SiO, layer is also
provided in the grooves 24a between the dummy insulating
layers 24 and the side light shielding layers 23B. The SiO,
layer is processed by anisotropic dry etching until the SiO,
layer has a prescribed thickness. Thus, the fifth interlayer
insulating layer 29 having a flat surface is formed (FIG.
111). The fifth interlayer insulating layer 29 may be flattened
by CMP.

[0258] A prescribed portion of the fifth interlayer insulat-
ing layer 29 and a prescribed portion of the fourth interlayer
insulating layer 25 are removed by etching, thereby forming
the third contact hole 29a.

[0259] Then, a TiW layer having a thickness of about 125
nm is formed by, for example, vapor deposition or sputtering
on the resultant laminate, and patterned, thereby forming the
upper light shielding layer 18. The upper light shielding
layer 18 is provided so as to be on the fifth interlayer
insulating layer 29 and so as to fill the third contact hole 29a.
The upper light shielding layer 18 is conductive, and is
connected to the connecting electrode 26 via the third
contact hole 29a.

[0260] An insulating layer is formed by plasma CVD
using TEOS as a material gas on the resultant laminate to a
thickness of, for example, 500 nm. The insulating layer is
polished by CMP until the thickness of the insulating layer
becomes, for example, about 200 nm, thereby forming the
sixth interlayer insulating layer 32 having a flat surface.

[0261] A prescribed portion of the sixth interlayer insu-
lating layer 32 is etched, thereby forming the fourth contact
hole 32a.

[0262] An ITO layer having a thickness of, for example,
100 nm is formed on the resultant laminate, and patterned as
prescribed, thereby forming the plurality of pixel electrodes
14 which are arranged in a matrix (FIG. 11]J). Each of the
pixel electrodes 14 is connected to the upper light shielding
layer 18 via the fourth contact hole 32a.

[0263] The alignment layer 36 is formed on the sixth
interlayer insulating layer 32 so as to cover all the pixel
electrodes 14.

[0264] In this manner, the active matrix substrate 10B
including the side light shielding layers 23B for covering the
side surfaces of the signal line 13 above the polycrystalline
silicon layer 31 in addition to the side surfaces of the
polycrystalline silicon layer 31 and the gate line 12 above
the polycrystalline silicon layer 31 is produced.

[0265] The active matrix substrate 10B and the counter
substrate 40B are located such that the alignment layers 36
and 43 thereof are opposed to each other with a prescribed
distance therebetween. The liquid crystal layer 50 is pro-
vided between the alignment layers 36 and 43. Thus, the
liquid crystal display device 100B is produced.

[0266] 1In the second example, the side light shielding
layers 23B are provided to be substantially perpendicular to
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the transparent plate 11 above the side edges of the lower
light shielding layer 16 with the first interlayer insulating
layer 17 being interposed therebetween. Therefore, the side
light shielding layers 23B are electrically floating. The
present invention is not limited to such a structure.

[0267] FIG. 12 is a schematic cross-sectional view of a
liquid crystal display device 100C as a modification of the
second example of the present invention. FIG, 12 corre-
sponds to FIG. 2. FIG. 13 is a schematic cross-sectional
view of the liquid crystal display device 100C shown in
FIG. 12. FIG. 13 corresponds to FIG. 3.

[0268] As shown in FIGS. 12 and 13, in the liquid crystal
display device 100C, side light shielding layers 23C are in
contact with side edges of the lower light shielding layer 16
and are substantially perpendicular to the transparent plate
11. Since at least one side light shielding layer 23C is in
contact with the side edge(s) of the lower light shielding
layer 16, the side light shielding layer 23C is electrically
fixed to the same potential as the surface of the lower light
shielding layer 16. As a result, change in the characteristics
of the TFT 60, which may be caused by the parasitic
capacitances in side light shielding layer 23C and areas in
the vicinity thereof, is suppressed.

[0269] The liquid crystal display device 100C having such
a structure is produced by the method described above with
reference to FIGS. 11A through 11]J except for the follow-
ing point. In the step shown in FIG. 11E, the partial removal
of the fifth interlayer insulating layer 25, the third interlayer
insulating layer 21, the second interlayer insulating layer 19
and the first interlayer insulating layer 17 is performed until
the side edges of the lower light shielding layer 16 are
exposed.

[0270] FIGS. 14A and 14B are schematic cross-sectional
views illustrating steps for producing an active matrix
substrate 10C of the liquid crystal display device 100C
shown in FIGS. 12 and 13. The cross-sectional views of
FIGS. 14A and 14B respectively correspond to FIGS. 11F
and 11G.

[0271] As shown in FIG. 14A, a TiW layer 23b having a
thickness of 150 nm is formed on the laminate correspond-
ing to FIG. 11E, and processed by anisotropic dry etching,
thereby leaving the TiW layer 23b on the walls of the
stepped portion. Thus, the side light shielding layer 23C for
covering the side surfaces of the signal line 13 in addition to
the side surfaces of the polycrystalline silicon layer 31 and
the gate line 12 is formed.

[0272] After this, the liquid crystal display device 100C
including the active matrix substrate 10C is produced by the
method described above.

[0273] EXAMPLE 3

[0274] 1In the first and second examples, the capacitance
electrode is provided above the polycrystalline silicon layer.
The present invention is not limited to such a structure. The
capacitance electrode may be provided below the polycrys-
talline silicon layer.

[0275] 1In athird example of the present invention, a liquid
crystal display device in which an additional capacitance
electrode is provided below the polycrystalline silicon layer,
ie., below the TFT will be described.
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[0276] FIGS. 15A and 15B are each a schematic plan
view of a portion of an active matrix substrate 10D of a
liquid crystal display device 100D according to the third
example of the present invention, where one gate line 12 and
one signal line 13 cross each other.

[0277] FIGS. 15A and 15B represent the same liquid
crystal display device 100D such that the positions of light
shielding layers are clear as explained below.

[0278] The liquid crystal display device 100D has sub-
stantially the same structure as that of the liquid crystal
display device 100 described in the first example, except that
an additional capacitance electrode 37 is provided below the
lower light shielding layer 16 and the connecting electrode
26 is connected to the additional capacitance electrode 37
via the fifth contact hole 39.

[0279] 1In FIG. 15A, the upper light shielding layer 18
provided above the TFT 60 is hatched so as to clearly show
the position thereof. The upper light shielding layer 18 acts
to prevent light from being incident on the TFT 60 from
above the active matrix substrate 10D.

[0280] In FIG. 15B, a lower light shielding layer 16
provided below the TFT 60 is dotted so as to clearly show
the position thereof. The lower light shielding layer 16 acts
to prevent light from being incident on the TFT 60 from
below the active matrix substrate 10D.

[0281] As shown in FIG. 15A, the upper light shielding
layer 18 is provided so as to cover the first contact hole 27,
the gate line 12, the signal line 13, a portion of the poly-
crystalline silicon (Si) layer 31, a portion of the additional
capacitance electrode 37 and a portion of the TFT 60.

[0282] As shown in FIG. 15B, the lower light shielding
layer 16 is provided so as to cover a portion of the gate line
12, the signal line 13, the first contact hole 27, the second
contact hole 28, the third contact hole 29, the fourth contact
hole 32a, the polycrystalline silicon (Si) layer 31, and the
TFT 60.

[0283] FIG. 16 is a schematic cross-sectional view of the
liquid crystal display device 100D taken along line A-A of
FIGS. 15A and 15B, and FIG. 17 is a schematic cross-
sectional view of the liquid crystal display device 100D
taken along line B-B of FIGS. 15A and 15B.

[0284] In the active matrix substrate 10D, the capacitance
electrode 15 is not provided on the side of the gate line 12
above the polycrystalline silicon layer 31, but the additional
capacitance electrode 37 is provided in a prescribed pattern
on the transparent plate 11.

[0285] The additional capacitance electrode 37 is provided
so as to cover a bottom surface of the signal line 13 and also
the entire bottom surface of the gate line 12. The additional
capacitance electrode 37 is covered with a capacitance
insulating layer 38 provided on the entire surface of the
transparent plate 11. The lower light shielding layer 16 is
patterned as prescribed on the capacitance insulating layer
38.

[0286] The lower light shielding layer 16 is covered with
the first interlayer insulating layer 17 like in the active
matrix substrate 10 in the first example.

[0287] On the stepped portion of the first interlayer insu-
lating layer 17 which covers the lower light shielding layer
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16, the polycrystalline silicon layer 31 used as a part of the
TFT 60 is patterned as prescribed. As shown in FIGS. 15A
and 15B, a portion of the polycrystalline silicon layer 31
which is branched to be parallel to the gate line 12 is shorter
and narrower than that of the polycrystalline silicon layer 31
in the first example shown in FIGS. 1A and 1B.

[0288] The second interlayer insulating layer (gate insu-
lating layer) 19 is provided on the stepped portion of the first
interlayer insulating layer 17 so as to cover the polycrystal-
line silicon layer 31.

[0289] The gate line 12 is patterned as prescribed on the
second interlayer insulating layer 19, and the gate line 12 is
covered with the third interlayer insulating layer 21 provided
on the second interlayer insulating layer 19.

[0290] The side surfaces of the second interlayer insulat-
ing layer 19 and side surfaces of the third interlayer insu-
lating layer 21 are aligned with and continuous to the side
surfaces of the stepped portion of the first interlayer insu-
lating layer 17 as in the first example. These side surfaces are
substantially perpendicular to the transparent plate 11.

[0291] The side surfaces of the first interlayer insulating
layer 17, the second interlayer insulating layer 19 and the
third interlayer insulating layer 21 are covered with side
light shielding layers 23D.

[0292] The side light shielding layers 23D are patterned as
prescribed so as to be along side edges of the polycrystalline
silicon layer 31 and side edges of the gate line 12 (as
represented by bold dashed line in FIGS. 15A and 15B).
The top surface of the side light shielding layers 23D is at
the same level as and continuous to the top surface of the
third interlayer insulating layer 21 and is substantially flat.

[0293] The dummy insulating layers 24 are provided on
the first interlayer insulating layer 17 except for the stepped
portion. The dummy insulating layers 24 are provided at an
appropriate distance from the side light shielding layers
23D.

[0294] The top surface of the dummy layers 24 is sub-
stantially at the same level as the top surfaces of the third
interlayer insulating layer 21 and the side light shielding
layers 23D, and is substantially flat.

[0295] The fourth interlayer insulating layer 25 is pro-
vided so as to cover the dummy insulating layers 24, the
third interlayer insulating layer 21 and the side light shield-
ing layers 23D.

[0296] The fourth interlayer insulating layer 25 is also
provided between the dummy insulating layers 24 and the
side light shielding layers 23. The top surface of the fourth
interlayer insulating layer 25 is entirely flat.

[0297] The first contact hole 27 and the second contact
hole 28 are formed in the second interlayer insulating layer
19, the third interlayer insulating layer 21, and the fourth
interlayer insulating layer 25.

[0298] The first contact hole 27 is filled with a conductive
which is the same as the material of the signal line 13 so as
form the source electrode 33 of the TFT 60. The source
electrode 33 electrically connects the signal line 13 and the
source region 31b of the polycrystalline silicon layer 31.
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[0299] The signal line 13 is provided on the fourth inter-
layer insulating layer 25 in a prescribed pattern.

[0300] The second contact hole 28 is filled with a con-
ductive which is the same as the material of a connecting
electrode 26 so as to form the drain electrode 34 of the TFT
60. The drain electrode 34 electrically connects the connect-
ing electrode 26 and the drain region 31c of the polycrys-
talline silicon layer 31.

[0301] The connecting electrode 26 is formed on the
fourth interlayer insulating layer 25 in a rectangular pattern,
so as to overlap with a part of the polycrystalline silicon
layer 31 and a part of the additional capacitance electrode
37.

[0302] The fifth contact hole 39 is formed in the capaci-
tance insulating layer 38, the first interlayer insulating layer
17, the second interlayer insulating layer 19, the third
interlayer insulating layer 21, and the fourth interlayer
insulating layer 25.

[0303] The fifth contact hole 39 is filled with a conductive
which is the same as the material of the connecting electrode
26, so that the connecting electrode 26 and the additional
capacitance electrode 37 are electrically connected to each
other.

[0304] The liquid crystal display device 100D has sub-
stantially the same structure as that of the liquid crystal
display device 100 described in the first example with
reference to FIGS. 1 through 3, except for the above-
described points.

[0305] The liquid crystal display device 100D is produced
in the following manner.

[0306] FIGS. 18A through 18G are schematic cross-
sectional views illustrating steps for producing an active
matrix substrate 10D of the liquid crystal display device
100D shown in FIGS. 15 through 17. The cross-sectional
views of FIGS. 18A through 18G correspond to the cross-
sectional view of FIG. 17.

[0307] First, on the transparent plate 11 (FIG. 18A), a
polycrystalline silicon layer doped with P (phosphorus) is
formed to a thickness of, for example, 100 nm, and patterned
as prescribed, thereby forming the additional capacitance
electrode 37 as shown in FIG. 18A.

[0308] Then, as shown in FIG. 18B, the capacitance
insulating layer 38 formed of SiO, is formed by, for
example, CVD on the entire surface of the transparent plate
11 to a thickness of, for example, 50 nm so as to cover the
additional capacitance electrode 37.

[0309] A polycrystalline silicon layer doped with P is
formed on the entire surface of the capacitance insulating
layer 38 to a thickness of, for example, 50 nm, and then a
WSi layer is formed to a thickness of 100 nm. These layers
are patterned as prescribed, thereby forming the lower light
shielding layer 16 as shown in FIG. 18C.

[0310] Then, the first interlayer insulating layer 17 formed
of Si0, is formed by CVD on the entire surface of the
capacitance insulating layer 38 to a thickness of, for
example, 400 nm (FIG. 18D).

[0311] The polycrystalline silicon layer 31 is formed by
CVD on the first interlayer insulating layer 17 to a thickness
of 50 nm and patterned as prescribed.

Jan. 15, 2004

[0312] The steps thereafter are the same as those of
producing the liquid crystal display device 100 in the first
example up to the step shown in FIG. 5J, except that the
capacitance electrode 15 is not formed.

[0313] As shown in FIG. 57, the fourth interlayer insu-
lating layer 25 formed of SiO, is formed to a thickness of,
for example, 1.5 um. Then, as shown in FIG. 18D, pre-
scribed portions of the fourth interlayer insulating layer 25,
the third interlayer insulating layer 21 and the second
interlayer insulating layer 19 are etched away, thereby
forming the first contact hole 27 reaching the source region
31b of the polycrystalline silicon layer 31 and the second
contact hole 28 reaching the drain region 31c¢ of the poly-
crystalline silicon layer 31.

[0314] As shown in FIG. 18E, prescribed portions of the
fourth interlayer insulating layer 25, the third interlayer
insulating layer 21, the second interlayer insulating layer 19,
the first interlayer insulating layer 17 and the capacitance
insulating layer 38 are etched away, thereby forming the fifth
contact hole 39 reaching a portion of the additional capaci-
tance electrode 37 not overlapping with the polycrystalline
silicon layer 31.

[0315] Then, a TiW layer having a thickness of 150 nm, an
Al layer having a thickness of 400 nm, and a TiW layer
having a thickness of 100 nm are sequentially formed on the
resultant laminate. These layers are also provided so as to fill
the first contact hole 27, the second contact hole 28, and the
fifth contact hole 39. Thus, the source electrode 33 is formed
in the first contact hole 27, and the drain electrode 34 is
formed in the second contact hole 28. In addition, a con-
nection portion electrically connected to the additional
capacitance electrode 37 is formed in the fifth contact hole
39.

[0316] The TiW layer, the Al layer and the TiW layer
formed on the fourth interlayer insulating layer 25 are
patterned as prescribed, thereby forming the connecting
electrode 26 and the signal line 13 on the fourth interlayer
insulating layer 25. The connecting electrode 26 is con-
nected to the drain electrode 34 and the connecting portion,
and the signal line 13 is connected to the source electrode 33.

[0317] The fifth interlayer insulating layer 29 is formed on
the resultant laminate and flattened. A prescribed portion of
the fifth interlayer insulating layer 29 is etched away,
thereby forming the third contact hole 29a reaching the
connecting electrode 26.

[0318] A TiW layer having a thickness of 125 nm is
formed on the fifth interlayer insulating layer 29 so as to fill
the third contact hole 294 and patterned, thereby forming the
upper light shielding layer 18. The upper light shielding
layer 18 is conductive and is connected to the connecting
electrode 26 via the third contact hole 29a.

[0319] Then, the sixth interlayer insulating layer 32 hav-
ing a thickness of, for example, 500 nm is formed on the
resultant laminate by plasma CVD using TEOS as a material
gas, and flattened.

[0320] A prescribed portion of the sixth interlayer insu-
lating layer 32 is etched away, thereby forming the fourth
contact hole 32a reaching the conductive upper light shield-
ing layer 18.
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[0321] As shown in FIG. 18G, an ITO layer having a
thickness of, for example, 100 nm is formed on the entire
surface of the resultant laminate, and patterned as pre-
scribed, thereby forming the plurality of pixel electrodes 14
which are arranged in a matrix.

[0322] The alignment layer 36 is provided so as to cover
the sixth interlayer insulating layer 32 so as to cover all the
pixel electrodes 14.

[0323] In this manner, the active matrix substrate 10D is
produced. The active matrix substrate 10D and the counter
substrate 40 are located such that the alignment layers 36
and 43 thereof are opposed to each other with a prescribed
distance therebetween. The liquid crystal layer 50 is pro-
vided between the alignment layers 36 and 43. Thus, the
liquid crystal display device 100D is produced.

[0324] In the third example, the side light shielding layers
23D are provided to be substantially perpendicular to the
transparent plate 11 above the side edges of the lower light
shielding layer 16 with the first interlayer insulating layer 17
being interposed therebetween. Therefore, the side light
shielding layers 23D are electrically floating. The present
invention is not limited to such a structure.

[0325] FIG. 19 is a schematic cross-sectional view of a
liquid crystal display device 100E as a modification of the
third example of the present invention. FIG. 19 corresponds
to FIG. 16. FIG. 20 is a schematic cross-sectional view of
the liquid crystal display device 100E shown in FIG. 19.
FIG. 20 corresponds to FIG. 17.

[0326] As shown in FIGS. 19 and 20, in the liquid crystal
display device 100E, side light shielding layers 23E are in
contact with side edges of the lower light shielding layer 16
and are substantially perpendicular to the transparent plate
11. Since at least one side light shielding layer 23E is in
contact with the side edge(s) of the lower light shielding
layer 16, the side light shielding layer 23E is electrically
fixed to the same potential as the surface of the lower light
shielding layer 16. As a result, change in the characteristics
of the TFT 60, which may be caused by the parasitic
capacitances in side light shielding layer 23E and areas in
the vicinity thereof, is suppressed.

EXAMPLE 4

[0327] In the third example, the side light shielding layers
are provided so as to cover the side surfaces of the poly-
crystalline silicon layer and the gate line above the poly-
crystalline silicon layer. The present invention is not limited
to such a structure. The side light shielding layers may be
provided so as to also cover the side surfaces of the signal
line provided above the polycrystalline silicon layer.

[0328] In a fourth example of the present invention, a
liquid crystal display device in which the side light shielding
layer for covering the side surfaces of the signal line
provided above the polycrystalline silicon layer, in addition
to the side surfaces of the polycrystalline silicon layer and
the gate line provided above the polycrystalline silicon layer
will be described.

[0329] FIG. 21 is a schematic cross-sectional view of a
liquid crystal display device 100F according to the fourth
example of the present invention. FIG. 21 corresponds to
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FIG. 16. FIG. 22 is a schematic cross-sectional view of the
liquid crystal display device 100F shown in FIG. 21. FIG.
22 corresponds to FIG. 17.

[0330] The liquid crystal display device 100F has substan-
tially the same structure as that of the liquid crystal display
device 100D described in the third example, except that side
light shielding layers 23F cover the side surfaces of the
signal line 13 provided above the polycrystalline silicon
layer 31 in addition to the side surfaces of the polycrystalline
silicon layer 31 and the gate line 12 provided above the
polycrystalline silicon layer 31.

[0331] An active matrix substrate 10F of the liquid crystal
display device 100F is produced in the following manner.

[0332] First, as the active matrix substrate 10D described
in the third example, on the transparent plate 11, a poly-
crystalline silicon layer doped with P is formed to a thick-
ness of 100 nm and patterned as prescribed, thereby forming
the additional capacitance electrode 37. The capacitance
insulating layer 38 formed of Si0, is formed by, for
example, CVD on the entire surface of the transparent plate
11 to a thickness of, for example, 50 nm so as to cover the
additional capacitance electrode 37.

[0333] Then, a polycrystalline silicon layer doped with P
is formed thereon to a thickness of 50 nm, and a WSi layer
is formed thereon to a thickness of 100 nm. These layers are
patterned as prescribed, thereby forming the lower light
shielding layer 16.

[0334] Next, the first interlayer insulating layer 17 formed
of Si0, is formed by CVD on the entire surface of the
resultant laminate to a thickness of, for example, 400 nm.
Then the polycrystalline silicon layer 31 is formed thereon
by CVD to a thickness of 50 nm in a prescribed pattern.

[0335] The steps thereafter are the same as those of
producing the liquid crystal display device 100B in the
second example shown in FIGS. 11A through 111, except
that the capacitance electrode 15 is not formed.

[0336] The other steps are the same as those shown in
FIGS. 18D through 18G.

[0337] In the fourth example, the side light shielding
layers 23F are provided to be substantially perpendicular to
the transparent plate 11 above the side edges of the lower
light shielding layer 16 with the first interlayer insulating
layer 17 being interposed therebetween. Therefore, the side
light shielding layers 23F are electrically floating. The
present invention is not limited to such a structure.

[0338] FIG. 23 is a schematic cross-sectional view of a
liquid crystal display device 100G as a modification of the
fourth example of the present invention. FIG. 23 corre-
sponds to FIG. 16. FIG. 24 is a schematic cross-sectional
view of the liquid crystal display device 100G shown in
FIG. 23. FIG. 24 corresponds to FIG. 17.

[0339] As shown in FIGS. 23 and 24, in the liquid crystal
display device 100G, side light shielding layers 23G are in
contact with side edges of the lower light shielding layer 16
and are substantially perpendicular to the transparent plate
11. Since at least one side light shielding layer 23G is in
contact with the side edge(s) of the lower light shielding
layer 16, the side light shielding layer 23G is electrically
fixed to the same potential as the surface of the lower light
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shielding layer 16. As a result, change in the characteristics
of the TFT 60, which may be caused by the parasitic
capacitances in the side light shielding layer 23G and areas
in the vicinity thereof, is suppressed.

EXAMPLE 5

[0340] In the third and fourth examples, the additional
capacitance electrode is provided below the lower light
shielding layer. The present invention is not limited to such
a structure. The additional capacitance electrode may be
provided above the lower light shielding layer, i.c., between
the lower light shielding layer and the TFT.

[0341] In afifth example of the present invention, a liquid
crystal display device in which the additional capacitance
electrode is provided above the lower light shielding layer
will be described.

[0342] FIG. 25 is a schematic cross-sectional view of a
liquid crystal display device 100H according to the fifth
example of the present invention. FIG. 25 corresponds to
FIG. 16. FIG. 26 is a schematic cross-sectional view of the
liquid crystal display device 100H shown in FIG. 25. FIG.
26 corresponds to FIG. 17.

[0343] The liquid crystal display device 100H has sub-
stantially the same structure as that of the liquid crystal
display device 100D described in the third example, except
that the additional capacitance electrode 37A is provided
above the lower light shielding layer 16.

[0344] The lower light shielding layer 16 is formed on the
transparent plate 11 in a prescribed pattern and covered with
an insulating layer 45. Then, an additional capacitance
electrode 37A is formed on the insulating layer 45 in a
prescribed pattern. The additional capacitance electrode 37A
is covered with the capacitance insulating layer 38, which is
in turn covered with the first interlayer insulating layer 17.
The polycrystalline silicon layer 31 is formed on the first
interlayer insulating layer 17 in a prescribed pattern.

[0345] The comnecting electrode 26 provided above the
polycrystalline silicon layer 31 is electrically connected to
the additional capacitance electrode 37A above the lower
light shielding layer 16 via the drain electrode 34 in the fifth
contact hole 39.

[0346] An active matrix substrate 10H of the liquid crystal
display device 100H is produced in the following manner.

[0347] A polycrystalline silicon layer doped with P is
formed on the transparent plate 11 to a thickness of 50 nm,
and a WSi layer is formed thereon to a thickness of, for
example, 100 nm. These layers are patterned as prescribed,
thereby forming the lower light shielding layer 16.

[0348] Next, the insulating layer 45 formed of SiO, is
formed by, for example, CVD on the entire surface of the
transparent plate 11 to a thickness of, for example, 50 nm so
as to cover the lower light shielding layer 16.

[0349] A polycrystalline silicon layer doped with P is
formed thereon to a thickness of 100 nm and patterned,
thereby forming the additional capacitance electrode 37A.

[0350] An SiO, layer is formed by, for example, CVD on
the resultant laminate to a thickness of 50 nm, thereby
forming the capacitance insulating layer 38.
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[0351] The first interlayer insulating layer 17 formed of
SiO, is formed by CVD on the resultant laminate to a
thickness of, for example, 400 nm.

[0352] The polyerystalline silicon layer 31 is formed by
CVD on the first interlayer insulating layer 17 to a thickness
of 50 nm in a prescribed pattern.

[0353] The steps thereafter are the same as those of
producing the liquid crystal display device 100D in the third
example, except that the fifth contact hole 39 is formed so
as to reach the additional capacitance electrode 37A above
the lower light shielding layer 16.

[0354] In the fifth example, the side light shielding layers
23H are provided to be substantially perpendicular to the
transparent plate 11 above the side edges of the lower light
shielding layer 16 with the first interlayer insulating layer 17
being interposed therebetween. Therefore, the side light
shielding layers 23H are electrically floating. The present
invention is not limited to such a structure.

[0355] FIG. 27 is a schematic cross-sectional view of a
liquid crystal display device 1001 as a modification of the
fifth example of the present invention. FIG. 27 corresponds
to FIG. 16. FIG. 28 is a schematic cross-sectional view of
the liquid crystal display device 1001 shown in FIG. 27.
FIG. 28 corresponds to FIG. 17.

[0356] As shown in FIGS. 27 and 28, in the liquid crystal
display device 1001, side light shielding layers 231 are in
contact with side edges of the additional capacitance elec-
trode 37A and are substantially perpendicular to the trans-
parent plate 11. Since at least one side light shielding layer
231 is in contact with the side edge(s) of the additional
capacitance electrode 37A, the side light shielding layer 231
is electrically fixed to the same potential as the surface of the
additional capacitance electrode 37A. As a result, change in
the characteristics of the TFT 60, which may be caused by
the parasitic capacitances in the side light shielding layer 231
and areas in the vicinity thereof, is suppressed.

EXAMPLE 6

[0357] In the fifth example, the side light shielding layers
are provided so as to cover the side surfaces of the poly-
crystalline silicon layer and the gate line above the poly-
crystalline silicon layer. The present invention is not limited
to such a structure. The side light shielding layer may be
provided so as to also cover the side surfaces of the signal
line provided above the polycrystalline silicon layer.

[0358] 1In asixth example of the present invention, a liquid
crystal display device in which the side light shielding layer
for covering the side surfaces of the signal line provided
above the polycrystalline silicon layer, in addition to the side
surfaces of the polycrystalline silicon layer and the gate line
provided above the polycrystalline silicon layer will be
described.

[0359] FIG. 29 is a schematic cross-sectional view of a
liquid crystal display device 100J according to the sixth
example. FIG. 29 corresponds to FIG. 26.

[0360] The liquid crystal display device 100J has substan-
tially the same structure as that of the liquid crystal display
device 100H described in the fifth example, except that side
light shielding layers 23] cover the side surfaces of the
signal line 13 provided above the polycrystalline silicon
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layer 31 in addition to the side surfaces of the polycrystalline
silicon layer 31 and the gate line 12 provided above the
polycrystalline silicon layer 31.

[0361] An active matrix substrate 10J of the liquid crystal
display device 1007 is produced in the following manner.

[0362] On the transparent plate 11, a polycrystalline sili-
con layer doped with P is formed to a thickness of 50 nm,
and a WSi layer is formed to a thickness of, for example, 100
nm. These layers are patterned as prescribed, thereby form-
ing the lower light shielding layer 16.

[0363] The insulation layer 45 formed of SiO, is formed
by, for example, CVD on the transparent plate 11 to a
thickness of, for example, 50 nm, so as to cover the lower
light shielding layer 16.

[0364] A polycrystalline silicon layer doped with P is
formed thereon to a thickness of 100 nm and patterned as
prescribed, thereby forming the additional capacitance elec-
trode 37A.

[0365] The capacitance insulating layer 38 formed of SiO,
is formed by, for example, CVD on the resultant laminate to
a thickness of 50 nm and patterned as prescribed.

[0366] The first interlayer insulating layer 17 formed of
Si0, is formed by CVD on the resultant laminate to a
thickness of, for example, 400 nm.

[0367] Then, the polycrystalline silicon layer 31 is formed
by CVD on the first interlayer insulating layer 17 to a
thickness of 50 nm and patterned as prescribed.

[0368] The steps thereafter are the same as those of
producing the liquid crystal display device 100B in the
second example, except that the fifth contact hole 39 is
formed so as to reach the additional capacitance electrode 37
above the lower light shielding layer 16.

[0369] In the sixth example, the side light shielding layers
23] are provided to be substantially perpendicular to the
transparent plate 11 above the side edges of the lower light
shielding layer 16 with the first interlayer insulating layer 17
being interposed therebetween. Therefore, the side light
shielding layers 23J are electrically floating. The present
invention is not limited to such a structure.

[0370] FIG. 30 is a schematic cross-sectional view of a
liquid crystal display device 100K as a modification of the
sixth example of the present invention. FIG. 30 corresponds
to FIG. 17.

[0371] As shown in FIG. 30, in the liquid crystal display
device 100K, side light shielding layers 23K are in contact
with side edges of the additional capacitance electrode 37A
and are substantially perpendicular to the transparent plate
11. Since at least one side light shielding layer 23K is in
contact with the side edge(s) of the additional capacitance
electrode 37A, the side light shielding layer 23K is electri-
cally fixed to the same potential as the surface of the
additional capacitance electrode 37A. As a result, change in
the characteristics of the TFT 60, which may be caused by
the parasitic capacitances in the side light shielding layer
23K and areas in the vicinity thereof, is suppressed.

EXAMPLE 7

[0372] In the fourth example, the additional capacitance
electrode is provided below the lower light shielding layer,
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and the additional capacitance electrode and the connecting
electrode are directly connected to each other. The present
invention is not limited to such a structure. The additional
capacitance electrode provided below the lower light shield-
ing layer may be connected to the connecting electrode via
a conductive portion, which is located at the same level as
the gate line.

[0373] 1In a seventh example of the present invention, an
liquid crystal display device including a conductive portion
for electrically connecting the additional capacitance elec-
trode and the connecting electrode will be described.

[0374] FIGS. 31A and 31B are cach a schematic plan
view of a portion of an active matrix substrate 10L of a
liquid crystal display device 1001, according to the seventh
example of the present invention, where one gate line 12 and
one signal line 13 cross each other.

[0375] FIGS. 31A and 31B each show only one gate line
12 and one signal line 13, but the active matrix substrate 101

includes a plurality of gate lines 12 and a plurality of signal
lines 13.

[0376] FIGS. 31A and 31B represent the same liquid
crystal display device 100L such that the positions of light
shielding layers are clear as explained below.

[0377] In FIG. 31A, an upper light shielding layer 18
provided above a TFT 60 is hatched so as to clearly show the
position thereof. The upper light shielding layer 18 acts to
prevent light from being incident on the TFT 60 from above
the active matrix substrate 10L.

[0378] In FIG. 31B, a lower light shielding layer 16
provided below the TFT 60 is dotted so as to clearly show
the position thereof. The lower light shielding layer 16 acts
to prevent light from being incident on the TFT 60 from
below the active matrix substrate 10L.

[0379] As shown in FIG. 31A, the upper light shiclding
layer 18 is provided so as to cover the first contact hole 27,
the gate line 12, the signal line 13, a portion of the poly-
crystalline silicon (Si) layer 31, a portion of the additional
capacitance electrode 37A, and a portion of the TFT 60.

[0380] As shown in FIG. 31B, the lower light shielding
layer 16 is provided so as to cover a portion of the gate line
12, the signal line 13, the first contact hole 27, the second
contact hole 28, the third contact hole 294, the fourth contact
hole 32a, the polycrystalline silicon (Si) layer 31, and the
TFT 60.

[0381] FIG. 32 is a schematic cross-sectional view of the
liquid crystal display device 100L taken along line A-A of
FIGS. 31A and 31B.

[0382] The liquid crystal display device 100L has substan-
tially the same structure as that of the liquid crystal display
device 100D described in the third example, except that a
conductive portion 37a is provided in the fifth contact hole
39 and the connecting electrode 26 is connected to the
additional capacitance electrode 37A via the conductive
portion 37a.

[0383] FIGS. 33A through 33G are cross-sectional views
illustrating steps for producing the active matrix substrate
10L of the liquid crystal display device 100L. The cross-
sectional views of FIGS. 33A through 31G correspond to
the cross-sectional view of FIG. 32.
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[0384] The active matrix substrate 10L of the liquid crystal
display device 100L is produced as follows.

[0385] First, on the transparent plate 11 formed of quartz
glass (FIG. 33A), a polycrystalline silicon layer doped with
P is formed to a thickness of, for example, 100 nm, and
patterned as prescribed, thereby forming the additional
capacitance electrode 37.

[0386] Then, the capacitance insulating layer 38 formed of
Si0, is formed by, for example, CVD on the entire surface
of the transparent plate 11 to a thickness of 50 nm so as to
cover the additional capacitance electrode 37.

[0387] A polycrystalline silicon layer doped with P is
formed thereon to a thickness of 50 nm, and a WS layer is
formed thereon to a thickness of 100 nm. These layers are
patterned as prescribed, thereby forming the lower light
shielding layer 16.

[0388] The first interlayer insulating layer 17 formed of
Si0, is formed thereon by, for example, CVD to a thickness
of 400 nm.

[0389] The polycrystalline silicon layer 31 is formed by,
for example, CVD to a thickness of 50 nm on the resultant
laminate in a prescribed pattern.

[0390] The second interlayer insulating layer (gate insu-
lating layer) 19 formed of SiO, is formed by, for example,
CVD on the resultant laminate to a thickness of 80 nm (FIG.
33A).

[0391] Then, as shown in FIG. 33B, the fifth contact hole
39 is formed in the second interlayer insulating layer 19, the
first interlayer insulating layer 17, and the capacitance
insulating layer 38, the fifth contact hole 39 reaching the
additional capacitance electrode 37.

[0392] A polycrystalline silicon layer doped with P is
formed on the resultant laminate to a thickness of 150 nm,
and a WSI layer is formed to a thickness of 150 nm. These
layers are patterned as prescribed. Thus, as shown in FIG.
33C, the gate line 12 is formed on the second interlayer
insulating layer 19, and the conductive portion 374 is formed
in the fifth contact hole 39. The conductive portion 37a is
connected to the additional capacitance electrode 37.

[0393] Thereafter, the liquid crystal display device 100Lis
formed in the same manner as the liquid crystal display
device 100 described in the first example.

[0394] More specifically, impurities are implanted into the
polycrystalline silicon layer 31 used as a part of the TFT 60.
Then, an SiO, layer is formed by plasma CVD on the
resultant laminate and patterned as prescribed, thereby form-
ing the third interlayer insulating layer 21.

[0395] Next, a polycrystalline silicon layer and a WSi
layer are formed on the resultant laminate and patterned,
thereby forming side light shielding layers 23L on the side
edges of the lower light shielding layer 16.

[0396] The dummy insulating layers 24 are formed on the
resultant laminate in a prescribed pattern.

[0397] Then, the fourth interlayer insulating layer 25 hav-
ing a flat surface is formed on the resultant laminate (FIG.
33D).
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[0398] Asshown in FIG. 33E, the first contact hole 27 and
the second contact hole 28 are formed so as to expose the
source region 31b and the drain region 31c of the polycrys-
talline silicon layer 31. The sixth contact hole 29b is formed
so as to expose the conductive portion 37a connected to the
additional capacitance electrode 37.

[0399] Then, as shown in FIG. 33F, a conductive layer is
formed on the resultant laminate, thereby forming the source
electrode 33 in the first contact hole 27 and the drain
clectrode 34 in the second contact hole 28. Then, a conduc-
tive layer is formed on the resultant laminate, thereby
forming a conductive portion connected to the conductive
portion 37 in the sixth contact hole 295, the signal line 13
connected to the source electrode 33, and the connecting
electrode 26 connected to the drain electrode 34 and the
conductive portion in the sixth contact hole 295.

[0400] As shown in FIG. 33G, the fifth interlayer insu-
lating layer 29 is formed by plasma CVD, and the third
contact hole 294 reaching the connecting electrode 26 is
formed in the fifth interlayer insulating layer 29.

[0401] A conductive layer is formed by, for example,
vapor deposition or sputtering on the resultant laminate and
patterned, thereby forming the upper light shielding layer 18
connected to the connecting electrode 26. The upper light
shielding layer 18 is conductive.

[0402] The sixth interlayer insulating layer 32 is formed
by plasma CVD on the resultant laminate, and then the
fourth contact hole 32a reaching the conductive upper light
shielding layer 18 is formed in the sixth interlayer insulating
layer 32.

[0403] AnITO layer is formed on the entire surface of the
resultant laminate, and patterned as prescribed, thereby
forming the plurality of pixel electrodes 14 which are
arranged in a matrix.

[0404] Then, as in the first example, the alignment layer
36 is formed on the sixth interlayer insulating layer 32 so as
to cover all the pixel electrodes 14. Thus, the active matrix
substrate 10L is produced.

[0405] The active matrix substrate 10L and the counter
substrate 40 are located such that the alignment layers 36
and 43 thereof are opposed to each other with a prescribed
distance therebetween. The liquid crystal layer 50 is pro-
vided between the alignment layers 36 and 43. Thus, the
liquid crystal display device 100L is produced.

[0406] In the seventh example, the side light shielding
layers 23L are provided so as to cover the side surfaces of
the polycrystalline silicon layer 31 and the gate line 12
provided above the polycrystalline silicon layer 31. The
present invention is not limited to such a structure. The side
light shielding layer may be provided so as to also cover the
side surfaces of the signal line 13 provided above the
polycrystalline silicon layer 31.

[0407] FIG. 34 is a schematic cross-sectional view of a
liquid crystal display device 100M as a modification of the
seventh example of the present invention. FIG. 34 corre-
sponds to FIG. 32.

[0408] As shown in FIG. 34, the liquid crystal display
device 100M has substantially the same structure as that of
the liquid crystal display device 100L described with refer-
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ence to FIGS. 31A through 33G, except that side light
shielding layers 23M cover the side surfaces of the signal
line 13 provided above the polycrystalline silicon layer 31 in
addition to the side surfaces of the polycrystalline silicon
layer 31 and the gate line provided above the polycrystalline
silicon layer 31.

EXAMPLE 8

[0409] In the first through seventh examples, the upper
light shielding layer is provided in the active matrix sub-
strate. The present invention is not limited to such a struc-
ture. The upper light shielding layer may be provided in the
counter substrate.

[0410] In an eight example of the present invention, a
liquid crystal display device in which the upper light shield-
ing layer is provided in the counter substrate will be
described.

[0411] FIG. 35 is a schematic cross-sectional view of a
liquid crystal display device 100N in the eighth example.

[0412] The Liquid crystal display device 100N has sub-
stantially the same structure as that of the liquid crystal
display device 100 described in the first example, except that
an upper light shielding layer 44 is provided in a counter
substrate 40N instead of in an active matrix substrate 10N.

[0413] The upper light shielding layer 44 is provided so as
to cover the signal line 13, the gate line 12 and the capaci-
tance electrode 15. The upper light shielding layer 44 does
not need to be conductive.

[0414] Each of the pixel electrodes 14 provided on the
sixth interlayer insulating layer 32 of the active matrix
substrate 10N is directly connected to the connecting elec-
trode 26 via the contact hole 32bh formed in the sixth
interlayer insulating layer 32 and the fifth interlayer insu-
lating layer 29.

EXAMPLE 9

[0415] In the first through eighth examples, the TFT is
n-type and has a general LDD structure as shown in FIG. 4.
The present invention is not limited to such a structure.

[0416] The TFT may have a multi-gate LDD structure
having at least two gate lines (gate electrodes).

[0417] FIG. 36A is a schematic cross-sectional view of a
TFT 60A of a multi-gate LDD structure having gate lines
12A and 12B in a ninth example of the present invention.

[0418] 1Inthe TFT 60A, the polycrystalline silicon layer 31
includes a source region 31b, a drain region 31¢, a first
channel region 31e located immediately below the gate line
12A, a second channel region 31f located immediately
below the gate line 12B, a heavily doped drain region (N*)
31g located between the gate line 12A and the gate line 12B,
an LDD region (N7) 31/ located between the source region
315 and the first channel region 31e, an LDD region (N7) 31:
located between the first channel region 31e and the heavily
doped region (N¥) 31g, an LDD region (N~) 31J located
between the heavily doped region (N*) 31g and the second
channel region 31f, and an LDD region (N7) 31k located
between the second channel region 31f and the drain region
e
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[0419] In the multi-gate type TFT 60A having such a
structure, the leak current is reduced as compared to a TFT
having one gate line.

[0420] FIG. 36B is a schematic cross-sectional view of
another TFT 60B of a multi-gate LDD structure having gate
lines 12A and 12B according to the present invention.

[0421] Inthe TFT 60B, the polycrystalline silicon layer 31
includes a source region 31b, a drain region 3¢, a first
channel region 31e located immediately below the gate line
12A, a second channel region 31f located immediately
below the gate line 12B, an LDD region (N7) 31/ located
between the source region 31b and the first channel region
31e, an LDD region (N7) 311 located between the first
channel region 31e and the second channel region 31f, and
an LDD region (N~) 31k located between the second channel
region 31f and the drain region 31c.

[0422] In the multi-gate type TFT 60B having such a
structure, the leak current is reduced as compared to a TFT
having one gate line.

[0423] In either structure, the TFT of an LDD structure
may be p-type instead of n-type.

[0424] 1In the first through ninth examples, the base plate
of the active matrix substrate (for example, the plate 11) is
transparent. The present invention is not limited to such a
structure. In a liquid crystal display device of a reflection
type, the base plate of the active matrix substrate does not
need to be transparent.

[0425] As described above, a liquid crystal display device
according to the present invention includes a side light
shielding layer. Therefore, light is prevented from being
obliquely or laterally incident on the TFT with certainty. As
a result, the light leak current of the TFT can be significantly
reduced. Especially in a liquid crystal display device used
for a projector apparatus using a high intensity of light,
superb display quality is provided without deterioration due
to reduction in contrast, crosstalk or the like occurring by the
light leak current.

[0426] The present invention also provides a method for
producing such a liquid crystal display device easily and
with certainty.

[0427] Various other modifications will be apparent to and
can be readily made by those skilled in the art without
departing from the scope and spirit of this invention.
Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the description as set forth
herein, but rather that the claims be broadly construed.

What is claimed is:
1. A liquid crystal display device, comprising:

an active matrix substrate;
a counter substrate; and

a liquid crystal layer interposed between the active matrix
substrate and the counter substrate,

wherein the active matrix substrate includes:
a plate;

a thin film transistor provided on the plate; and
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a side light shielding layer for covering at least a

portion of a side surface of the thin film transistor.

2. A liquid crystal display device according to claim 1,
wherein:

the active matrix substrate further includes a semiconduc-
tor layer, and

the thin film transistor includes a part of the semiconduc-
tor layer.
3. A liquid crystal display device according to claim 1,
wherein:

the thin film transistor includes a gate electrode, a source
electrode, and a drain electrode, and

the active matrix substrate further includes a pixel elec-
trode, a gate line acting as the gate electrode of the thin
film transistor, and a signal line connected to the source
electrode of the thin film transistor.
4. A liquid crystal display device according to claim 2,
wherein:

the active matrix substrate further includes an insulating
layer provided on the plate and having a stepped
portion having a side wall substantially perpendicular
to the plate;

the semiconductor layer is provided on the stepped por-
tion of the insulating layer; and

the side light shielding layer is provided along the side

wall of the stepped portion of the insulating layer.

5. A liquid crystal display device according to claim 1,
wherein the active matrix substrate further includes a lower
light shielding layer provided below the thin film transistor.

6. A liquid crystal display device according to claim 3,
wherein the side light shielding layer is in contact with the
lower light shielding layer.

7. A liquid crystal display device according to claim 1,
wherein the active matrix substrate further includes an upper
light shielding layer provided on the thin film transistor.

8. A liquid crystal display device according to claim 3,
wherein the side light shielding layer is provided so as to
cover a side surface of the gate line.

9. A liquid crystal display device according to claim 3,
wherein the side light shielding layer is provided so as to
cover a side surface of the signal line.

10. A liquid crystal display device according to claim 3,
wherein the active matrix substrate further includes an
additional capacitance electrode.

11. Aliquid crystal display device according to claim 10,
wherein the additional capacitance electrode is provided
below the lower light shielding layer.

12. A liquid crystal display device according to claim 10,
wherein the additional capacitance electrode is provided
between the lower light shielding layer and the thin film
transistor.

13. A liquid crystal display device according to claim 10,
wherein the additional capacitance electrode is connected to
the thin film transistor.
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14. A liquid crystal display device according to claim 10,
wherein the side light shielding layer is in contact with the
additional capacitance electrode.

15. A liquid crystal display device according to claim 1,
wherein the thin film transistor has an LDD structure.

16. A liquid crystal display device according to claim 1,
wherein the side light shielding layer is formed of polycrys-
talline silicon.

17. A liquid crystal display device according to claim 1,
wherein the side light shielding layer is formed of metal or
metal silicide.

18. A liquid crystal display device according to claim 1,
wherein the side light shielding layer has a two-component
structure including metal or metal silicide and polycrystal-
line silicon.

19. Amethod for producing a liquid crystal display device
including an active matrix substrate, a counter substrate, and
a liquid crystal layer interposed between the active matrix
substrate and the counter substrate, the method comprising
the steps of:

forming a thin film transistor on a plate of the active
matrix substrate; and

forming a side light shielding layer for covering at least a

portion of a side surface of the thin film transistor.

20. A method according to claim 19, wherein the step of
forming the thin film transistor includes the step of forming
a semiconductor layer used as a part of the thin film
transistor.

21. A method according to claim 20, further comprising
the step of forming a first insulating layer on the plate, the
first insulating layer having a stepped portion having a side
wall substantially perpendicular to the plate, wherein:

the step of forming the semiconductor layer includes the
step of forming the semiconductor layer on the stepped
portion of the first insulating layer, and

the step of forming the side light shielding layer includes
the step of forming the side light shielding layer along
the side wall of the stepped portion of the first insu-
lating layer.

22. A method according to claim 21, wherein the step of
forming the side light shielding layer includes the steps of
forming a layer of a material of the side light shielding layer
so as to cover the stepped portion of the first insulating layer,
and partially removing the layer by dry etching.

23. A method according to claim 21, further comprising
the steps of forming a second insulating layer on the
semiconductor layer, and flattening a surface of the second
insulating layer before the stepped portion of the first
insulating layer is formed.

24. A method according to claim 23, wherein the step of
flattening the surface of the second insulating layer includes
the step of flattening the second insulating layer by chemical
mechanical polishing.
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