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(57) ABSTRACT

To achieve elimination of reflection of light due to signal
lines, a liquid crystal display device includes a plurality of
gate signal lines formed on an insulation substrate, a plu-
rality of drain signal lines formed on the insulation substrate
such that the drain signal lines intersect the gate signal lines,
thin film transistors connected to the gate signal lines and the
drain signal lines, reflection electrodes connected to the thin
film transistors, the thin film transistors and the reflection
electrodes being formed on pixel regions which are sur-
rounded by the respective signal lines, and sequential lami-
nated bodies, each of which is made of a light shielding film
and a semiconductor layer. Each sequential laminated body
is formed between the reflection electrode and the reflection
electrode of another neighboring pixel region in such a way
that the sequential laminated body is superposed on the sides
of the reflection electrodes.
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TFT-LCD DEVICE HAVING LAMINATED
BODY OF LIGHT-SHIELD AND
SEMICONDUCTOR BETWEEN PIXEL
ELECTRODES

BACKGROUND OF THE INVENTION

The present invention relates to a liquid crystal display
device and, more particularly, to an active matrix type liquid
crystal display device which functions at least as a reflection
type display device.

In an active matrix type liquid crystal display device, on
a liquid-crystal-side surface of one of a pair of substrates
which are arranged to face each other with a liquid crystal
disposed therebetween, regions which are surrounded by
gate signal lines extending in the x direction and arranged in
the y direction in parallel and drain signal lines extending in
the y direction and arranged in the x direction in parallel are
formed as pixel regions. A thin film transistor, which is
driven by scanning signals (voltage) from a one-sided gate
signal line, and a pixel electrode, to which video signals
(voltage) are supplied from a one-side drain signal line
through the thin film transistor, are provided in each pixel
region. The pixel electrode generates an electric field
between the pixel electrode and a counter electrode which is
formed on the other-substrate side in common with each
pixel region so as to control the light transmittivity of the
liquid crystal material disposed therebetween.

There is a known liquid crystal display device in which a
portion or the whole of each pixel electrode is formed of a
metal layer having a high light reflectance. This type of
liquid crystal display device functions as a reflection type
display device. Since such a liquid crystal display device
enables a viewer to recognize images by making use of
external light, such as sun light, the power consumption of
the device can be reduced. However, so long as a liquid
crystal display device is operated to function as a reflection
type device, there arises a problem in that a sufficient
external light cannot be ensured for every site where the
liquid crystal display device is to be used. Accordingly, a
device construction which can enhance the numerical aper-
ture becomes more important in this type of display device
compared to other kinds of liquid crystal display devices.

The present invention has been made in view of such
circumstances, and it is an object of the present invention to
provide a liquid crystal display device having a constitution
which can enhance the numerical aperture.

Further, it is another object of the present invention to
provide a liquid crystal display device which can eliminate
the light reflection derived from signal lines.

It is still another object of the present invention to provide
a liquid crystal display device which can prevent the leaking
of light from a backlight when the liquid crystal display
device is constituted as a partial reflection type (provided
with a backlight).

SUMMARY OF THE INVENTION

The summary of typical examples of various aspects of
the invention disclosed herein will be outlined below.

That is, a liquid crystal display device according to the
present invention includes, for example, a plurality of gate
signal lines which are formed on an insulation substrate, a
plurality of drain signal lines which are formed on the
insulation substrate such that the drain signal lines intersect
the gate signal lines, thin film transistors which are con-
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2

nected to the gate signal lines, the drain signal lines and
reflection electrodes which are connected to the thin film
transistors, the thin film transistors and the reflection elec-
trodes being formed on pixel regions which are surrounded
by these respective signal lines, and sequential laminated
bodies, each of which is made of at least a light shielding
film and a semiconductor layer, each sequential laminated
body being formed between the reflection electrode and the
reflection electrode of another neighboring pixel region such
that the sequential laminated body is superposed on the sides
of these reflection electrodes.

In the liquid crystal display device having such a
constitution, the light shielding film is formed between the
reflection electrodes of respective pixel regions, and, hence,
it is no longer necessary to provide a black matrix, which has
a function similar to the function of the light shielding film,
on the other insulation substrate.

This implies that it becomes possible to narrow the width
of the light shielding films without taking the tolerance of
superposition between one insulation substrate and the other
insulation substrate into consideration, whereby the numeri-
cal aperture can be enhanced.

Further, the semiconductor layers are formed over the
light shielding films, and, hence, the reflection of an external
light on the light shielding films can be largely reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing one embodiment of a pixel
of a liquid crystal display device according to the present
invention;

FIG. 2 is an equivalent circuit diagram showing one
embodiment of the liquid crystal display device according to
the present invention;

FIG. 3 is a cross-sectional view taken along a line III—III
of FIG. 1;

FIG. 4 is a cross-sectional view taken along a line IV—IV
of FIG. 1;

FIG. 5 is a plan view showing the details of an arrange-
ment of color filters of the liquid crystal display device
according to the present invention;

FIG. 6A to FIG. 6D are sectional views showing sequen-
tial steps in the method of manufacture of a liquid crystal
display device according to the present invention;

FIG. 7 is a plan view showing another embodiment of the
pixel of the liquid crystal display device according to the
present invention;

FIG. 8 is a cross-sectional view taken along a line
VII—VIII of FIG. 7:

FIG. 9 is a plan view showing still another embodiment
of a pixel of the liquid crystal display device according to the
present invention;

FIG. 10 is a cross-sectional view taken along a line X—X
of FIG. 9; and

FIG. 11 is a cross-sectional view showing a further
embodiment of the liquid crystal display device according to
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Various embodiments of a liquid crystal display device
according to the present invention will be explained in detail
in conjunction with the accompanying drawings.

Embodiment 1

Equivalent Circuit

FIG. 2 is an equivalent circuit diagram showing one
embodiment of a liquid crystal display device according to
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the present invention. Although the drawing is in the form of
a schematic circuit diagram, the circuit is drawn in confor-
mity with an actual geometric arrangement of the device.

In the drawing, a first transparent substrate SUB1 is
arranged to face a second transparent substrate SUB2 that
liquid crystal material is disposed between the transparent
substrates SUB 1, SUB2.

On a liquid-crystal-side surface of the transparent sub-
strate SUB1, gate signal lines GL are formed which extend
in the x direction and are arranged in the y direction in
parallel, and drain signal lines DL are formed which are
insulated from the gate signal lines and extend in the y
direction and are arranged in the x direction in parallel.
Rectangular regions, which are surrounded by respective
signal lines GL, DL, constitute pixel regions, and a display
part AR is constituted by a mass of these respective pixel
regions.

On each pixel region, a thin film transistor TFT, which is
driven by the supply of scanning signals (voltage) from the
one-side gate signal line GL, and a pixel electrode PX, to
which video signals (voltage) are supplied from the one-side
drain signal line DL by way of the thin film transistor TFT,
are formed. Further, a capacitive element Cadd is formed
between the pixel electrode PX and the other gate signal line
GL, which is disposed close to one gate signal line GL. Due
to this capacitive element Cadd, when the thin film transistor
TFT is turned off, the video signals supplied to the pixel
electrode PX are stored for a long time.

The pixel electrode PX in each pixel region is configured
to generate an electric field between the pixel electrode PX
and a counter electrode CT (not shown in the drawings)
which is formed in common with respective pixel regions on
a liquid crystal side surface of the transparent substrate
SUB2 which is arranged to face the substrate SUB1 with
liquid crystal material disposed therebetween. With such a
construction, the light transmittivity of the liquid crystal
material between the respective electrodes can be controlled.

One end of each gate signal line GL extends to one side
(left side in the drawing) of the transparent substrate SUB 1.
On an extended portion of the gate signal line GL, a terminal
portion GTM is formed, which is connected to a bump of a
semiconductor integrated circuit GDRC, which is consti-
tuted of a vertical scanning circuit mounted on the trans-
parent substrate SUB1. Further, one end of each drain signal
line DL extends to one side (upper side in the drawing) of
the transparent substrate SUB1. On an extended portion of
the drain signal line DL, a terminal portion DTM is formed,
which is connected to a bump of a semiconductor integrated
circuit DDRC, which is constituted of a video signal driving
circuit mounted on the transparent substrate SUBL.

The respective semiconductor integrated circuits GDRC,
DDRC per se are completely mounted on the transparent
substrate SUB1, thus forming a so-called COG (Chip-On-
Glass) system. Respective bumps at the input sides of the
semiconductor integrated circuits GDRC, DDRC are respec-
tively connected to the terminal portions GTM2, DTM2
formed on the transparent substrate SUB 1. These respective
terminal portions GTM2, DTM2 are connected to terminal
portions GTM3, DTM3, which are respectively arranged at
portions closest to end faces in the periphery of the trans-
parent substrate SUB1 through respective wiring layers.

The transparent substrate SUB2 is arranged to face the
transparent substrate SUBI1 so as to avoid the regions on the
substrate SUB1 where the semiconductor integrated circuits
GDRC, DDRC are mounted, as permitted by the fact that the
transparent substrate SUB2 has a smaller area than the
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transparent substrate SUB1. The transparent substrate SUB2
is fixed to the transparent substrate SUB1 by a sealing
member SL. which is formed around the periphery of the
transparent substrate SUB2. The seal member SL also has a
function of sealing the liquid crystal between the transparent
substrates SUB1, SUB2.

In the above-mentioned embodiment, a liquid crystal
display device which uses the COG system has been
described. However, the present invention is also applicable
to a liquid crystal display device which adopts a TCP
system. In the TCP system, semiconductor integrated cir-
cuits are formed in a tape carrier system; and, output
terminals of the semiconductor integrated circuits are con-
nected to terminal portions formed on the transparent sub-
strate SUB1, while input terminals of the semiconductor
integrated circuits are connected to terminal portions on a
printed circuit board arranged close to the transparent sub-
strate SUB1.

Constitution of a Pixel

FIG. 1is a plan view showing the constitution of one pixel
region on the transparent substrate SUB1, which pixel
region corresponds to a portion A which is indicated by a
dotted line in FIG. 2. Further, FIG. 3 is a cross-sectional
view taken along a line III—III of FIG. 1, and FIG. 4 is a
cross-sectional view taken along a line IV—IV of FIG. 1.

In FIG. 1, first of all, the gate signal lines GL which
extend in the x direction and are arranged in the y direction
in parallel in the drawing are formed on the liquid-crystal-
side surface of the transparent substrate SUB 1. The gate
signal lines GL are formed of aluminum, for example, and
have surfaces thereof subjected to anodic oxidation.

In this embodiment, the light shielding films SHL. made of
Al, which are simultaneously formed with the formation of
the gate signal lines GL, are formed within the pixel region.
The light shielding films SHL are formed to have an inverse
“L” shaped pattern with respect to the pixel region, wherein
each light shielding film SHL is arranged close to the
lower-side gate signal line GL and the right-side drain signal
lines DL, among the drain signal lines DL, which will be
explained later. The light shielding films SHL have surfaces
thereof also subjected to anodic oxidation as in the case of
the gate signal lines GL.

Then, a sequential laminated body, which is constituted of
an insulation film GI that is formed of a silicon nitride film
(SiN) and a semiconductor layer AS formed of amorphous
Si (a—Si), is formed on a region where the thin film
transistor TFT is formed, regions where the drain signal lines
DL, which will be explained later, are formed and upper
surfaces of the light shielding films SHL.

In the region where the thin film transistor TFT is formed,
a portion of the gate signal line GL is used as a gate
electrode, the insulation film GI is used as a gate insulation
film, and the semiconductor layer AS is formed as a channel
forming portion. Further, a drain electrode SD1 and a source
electrode SD2 are formed on an upper surface of the
semiconductor layer AS. In this manner, the thin film
transistor TFT, which is formed of a MIS type transistor
having an inverse stagger structure, can be formed. Here, the
drain electrode SD1 and the source electrode SD2 are
formed simultaneously with the formation of the drain signal
lines DL, which will be explained later.

The sequential laminated body formed of the insulation
film GI and the semiconductor layer AS, which is arranged
on the region where the drain signal lines DL are formed has
a function~of an interlayer insulation film relative to the gate
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signal lines GL. Further, the sequential laminated body is
configured such that no sharp steps are formed along the
running direction of the drain signal lines DL. The sequen-
tial laminated body formed of the insulation film GI and the
semiconductor layer AS, which is arranged on the light
shielding film SHL, has at least a function of attenuating the
influence of reflected external light by the light shielding
film SHL with the use of the semiconductor layer AS. This
function will be explained in more detail later.

The drain signal lines DL are formed to extend in the y
direction and are arranged in parallel in the x direction. Here,
the drain signal lines DL are formed on the above-mentioned
sequential laminated body, which is formed of the insulation
film GI and the semiconductor layer AS. Further, the drain
signal line DL has a portion thereof which extends to and is
formed on an upper surface of the semiconductor layer AS
in the region where the thin film transistor TFT is formed.
This extended portion of the thin drain signal line DL is
formed as the drain electrode 5D1 of the thin film transistor
TFT.

Further, at the same time, the source electrode 5D2 is
formed so as to be spaced from the above-mentioned drain
electrode SD1 by a distance corresponding to the channel
length of the thin film transistor TFT. The source electrode
SD2 is connected to the pixel electrode PX, which will be
explained later. To ensure such a connection portion with the
pixel electrode PX, the electrode SD2 forms a pattern in
which there is an extension portion which extends slightly
toward the center of the pixel region. Here, semiconductor
layers doped with impurities are respectively formed at
interfaces between the drain electrode SD1, the source
electrode SD2 and the semiconductor layer AS. These
semiconductor layers function as contact layers.

After forming the semiconductor layer AS, a semicon-
ductor layer doped with impurities and having a thin film
thickness is formed on the surface of the semiconductor
layer AS. Then, after forming the drain electrode SD1 and
the source electrode SD2, using the respective electrodes as
masks, an exposed portion of the semiconductor layer doped
with impurities is etched, thus providing the above-
mentioned constitution. Then, over the surface of the trans-
parent substrate SUB1, on which the drain signal lines DL
(drain electrodes SD1, source electrodes SD2) are formed, a
protective film PSV1 made of SiN, for example, is formed
such that the protective film PSV1 also covers the drain
signal lines DL and the like.

The protective film PSV1 is provided for avoiding direct
contact between the thin film transistor TFT and the liquid
crystal material. A contact hole CH which exposes a portion
of the extended portion of the source electrode SD2 of the
thin film transistor TFT is formed in the protective film
PSVI1.

Further, on an upper surface of the protective film PSV1,
the pixel electrode PX, which is constituted of a sequential
laminated body formed of chromium (Cr) and aluminum
(Al), for example, is formed such that the pixel electrode PX
covers the pixel region. The pixel electrode PX functions as
a reflection electrode. That is, when the external light from
the transparent substrate SUB2 side which will be explained
later, passes through the liquid crystal LC whose light
transmittivity is controlled, the external light is reflected on
the pixel electrode PX and again is irradiated to the trans-
parent substrate SUB2 side (viewer side).

The pixel electrode PX is formed by avoiding the region
where the thin film transistor TFT is formed. Further, the
pixel electrode PX is formed so as to extend over portions
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of respective pixel regions arranged at the left side and the
upper side of the drawing, for example. In other words, the
drain signal line DL, which is formed between the pixel
region and the left-side pixel region, and the gate signal line
DL, which is formed between the pixel region and the
upper-side pixel region, are covered with the above-
mentioned pixel electrode PX. This implies that the lower-
side gate signal line GL and the right-side drain signal line
DL of the pixel region are respectively covered with the
respective pixel electrodes PX of the lower-side pixel region
and the right-side pixel region. Due to such a constitution,
the gate signal line GL and the drain signal line DL are
covered with an opaque metal layer which constitutes the
pixel electrode PX so that the reflection of the external light
by respective signal lines can be obviated.

The pixel electrode PX in the pixel region has a lower side
and a right side thereof positioned within the pixel region,
wherein both sides are positioned on the light shielding films
SHL. Further, the pixel electrode PX is disposed close to the
pixel electrode PX of other neighboring pixel regions with
a gap therebetween on the light shielding film SHL. Here,
the pixel electrode PX is also configured to cover the contact
hole CH formed in the protective film PSV1 so that the pixel
electrode PX is connected to the source electrode SD2 of the
thin film transistor TFT.

Further, on the surface of the transparent substrate SUB2
on which the pixel electrode PX is formed, a protective film
PSV2, which is formed of a silicon nitride film (SiN), for
example, is formed such that the protective film (SiN) also
covers the pixel electrode PX. The protective film PSV2 is
provided for preventing direct contact between the pixel
electrode PX and the liquid crystal material, and it can
prevent the deterioration of characteristics of the liquid
crystal material due to the presence of the metal layer.

On an upper surface of the protective film PSV2, an
orientation film ORI is formed. The orientation film ORI1
is made of a resin, for example, and a rubbing treatment in
a fixed direction is applied to a surface of the orientation film
ORI1. The orientation film ORI is brought into contact with
the liquid crystal LC so that the initial orientation direction
of the liquid crystal LC is determined by the orientation film
ORI1.

On the other hand, on a liquid-crystal side surface of the
transparent substrate SUB2, black matrixes BM are formed
at peripheries which include the regions where the thin film
transistors TFT are formed (see FIG. 1). The black matrixes
BM have only a function of avoiding the irradiation of
external light onto the thin film transistor TFT, and, hence,
the black matrixes BM are formed in an island-like pattern.
Originally, the black matrixes BM were typically formed
also on the gate signal lines GL and the drain signal lines DL
to enhance the contrast of the display. In this embodiment,
however, since the portions of the pixel electrodes PX also
perform this function, the black matrixes BM-adopt the
above-mentioned island-like pattern.

Color filters FIL are formed on the transparent substrate
SUB2 such that the color filters FIL also cover the black
matrixes BM. The color filters FIL are arranged such that,
for example, the common filter of the same color is used on
respective pixel regions which are arranged in the y direc-
tion in parallel, and the filters of red (R), green (G) and blue
(B), for example, are arranged for every pixel region in the
x direction so as to repeat this order.

In this case, each color filter FIL is brought into contact
with other neighboring color filters FIL without being super-
posed on each other, and the contact portions are arranged so
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as to be aligned with approximately the center axes of the
light shielding films SHL. which are formed in parallel to the
drain signal lines DL, among the light shielding films SHL
formed on the transparent substrate SUBI1 side. FIG. S is a
plan view (corresponding to FIG. 1) which shows the
positional relationship between the transparent substrate
SUBI1 and the transparent substrate SUB2 on which the
color filters FIL are formed. Boundary portions between the
color filter FIL and the other neighboring color filters FIL are
positioned on the light shielding films SHL.

On the surface of the transparent substrate SUB2 on
which the black matrixes BM and the color filters FIL are
formed in the above-mentioned manner, a flattening film OC
made of resin is formed by coating, such that the flattening
film OC also covers the color filters FIL. The flattening film
OC is formed such that stepped portions derived from the
black matrixes BM are not present apparently on a surface
thereof.

A counter electrode CT, which is made of ITO, for
example, and is commonly used for respective pixel regions,
is formed on a surface of the flattening film OC. The counter
electrode CT generates an electric field which corresponds
to video signals (voltage) between the counter electrode CT
and the pixel electrodes PX in respective pixel regions and
controls the light transmittivity of the liquid crystal LC
between these respective electrodes.

Further, on the surface of the transparent substrate SUB2
on which the counter electrode CT is formed, an orientation
film ORI2 is formed, such that the orientation film ORI2 also
covers the counter electrode CT. The orientation film ORI2
is made of resin, for example, and a rubbing treatment in a
fixed direction is applied to a surface of the orientation film
ORI2. The orientation film ORI2 is brought into contact with
the liquid crystal L.C so that the initial orientation direction
of the liquid crystal L.C is determined by the orientation film
ORI2.

In the liquid crystal display device having such a
constitution, the pixel electrode PX of each pixel region
forms the light shielding film SHL at a region defined
between the pixel electrode PX and a neighboring pixel
electrode PX, so that it is unnecessary to provide a black
matrix which has a function (enhancement of contrast)
similar to the function of the light shielding film SHL to the
other transparent substrate SUB2 side. This implies that the
width of the light shielding film SHL can be narrowed
without taking the tolerance of superposition between one
transparent substrate SUB1 and the other transparent sub-
strate SUB2 into consideration, so that the liquid crystal
display device having the improved numerical aperture can
be realized. Further, since the semiconductor layer AS is
laminated over the light shielding film SHL, the reflection of
the external light on the light shielding film SHL can be
largely reduced by the semiconductor layer AS.

The semiconductor layer AS made of a—Si exhibits dark
red brown color, and the light which is reflected on the light
shielding film SHL adopts a red-based color after passing
through the semiconductor layer AS.

Further, the pixel electrode PX, which is formed of
opaque metal, is formed such that the pixel electrode PX
extends over the neighboring pixel regions by going beyond
the gate signal line GL formed at the upper side of the pixel
region, as seen in the drawing, and the drain signal line DL
formed at the left side of the pixel region, as seen in the
drawing, and respective signal lines are covered with the
pixel electrode PX. Accordingly, the reflection of external
light on the gate signal lines GL and the drain signal lines DL
can be avoided.
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Between the gate signal line GL and the pixel electrode
PX, which covers this gate signal line GL, the capacitive
element Cadd, which uses the protective film PSV1 as a
dielectric film, is formed. In such a constitution, since the
pixel electrode PX is formed such that the pixel electrode PX
covers the whole gate signal line GL in the width direction,
the area of superposition can be increased so that an advan-
tageous effect can be obtained in that the capacitance of the
capacitive element Cadd can be increased.

Manufacturing Method

One embodiment of the method of manufacture of the
above-mentioned liquid crystal display device will be
explained in conjunction with FIG. 6A to FIG. 6D. FIG. 6A
to FIG. 6D are views showing the cross sections taken along
a line IV—IV of FIG. 1.

Step 1. (FIG. 6A)

On the transparent substrate SUB 1, Al is stacked by a
sputtering method until a resist film made of Al having a
thickness of 300 nm is formed. After completion of a
photolithography step, the resist film is peeled off by etching
using a mixed solution of phosphoric acid, hydrochloric acid
and nitric acid, thus forming the gate signal lines GL. The
light shielding films SHL are formed simultaneously. That
is, the light shielding films SHL are simultaneously formed
at the time of forming the gate signal lines GL, so that it is
unnecessary to increase the number of steps in forming the
light shielding films SHL.

The surface of patterned Al is anodized in a tartaric acid
to form an anodized film having a thickness of 180 nm. The
formation of an anodized film is necessary for the following
reason. That is, Al is liable to generate hillocks, so that when
the drain signal lines DL are formed on interlayer insulation
films sandwiched between the drain signal lines DL and Al
in a subsequent step, a short-circuiting arises due to pen-
etration of the interlayer insulation film. The anodized film
can prevent the occurrence of such a phenomenon.

Step 2. (FIG. 6B)

On the transparent substrate SUBI, an insulation film
made of SiN is stacked using a CVD method until the
thickness thereof becomes 240 nm, thus forming the insu-
lation film GI. Then, amorphous Si is stacked until the
amorphous Si has a thickness of 200 nm. Thereafter, n+
amorphous Si doped with phosphorus (P) is stacked until the
11+ amorphous Si has a thickness of 35 nm, thus forming the
semiconductor layer AS.

After completion of a photolithography step, the lami-
nated body formed of the insulation film GI, as mentioned
above, and the semiconductor layer AS are subjected to dry
etching at one time using hexafluoric sulfur gas. In this case,
the etching speed of the amorphous Si, which forms the
semiconductor layer AS constituting the upper layer, is
faster than the etching speed of the silicon nitride which
forms the insulation film GI constituting the lower layer.
Accordingly, the semiconductor layer AS and the insulation
film GI are formed substantially in the same patterns,
wherein the end portions of the insulation film GI have a
normal taper of approximately 4° and the end portions of the
semiconductor layer AS have a normal taper of approxi-
mately 70°.

Due to such a constitution, the laminated body made of
the insulation film GI and the semiconductor layer AS can
have side wall surfaces thereof that are smooth and can
avoid the presence of steep stepped portions on the side wall
surface, and, hence, disconnection with the wiring layers at
stepped portions, which may occur due to the presence of the
steep stepped portions, can be avoided.
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Step 3 (FIG. 6C)

On the transparent substrate SUB1, Cr having a thickness
of 30 nm is stacked using a sputtering method, and,
thereafter, Al having a thickness of 200 nm is stacked.

After completion of a photolithography step, Al is etched
using a mixed solution of phosphoric acid, hydrochloric acid
and nitric acid, and then Cr is etched using a cerium nitrate
second ammonium solution, thus forming the drain signal
lines DL, the drain electrodes SD1 and the source electrodes
SD2. Subsequently, dry etching is performed using
hexafluoric sulfur gas and the resist film is peeled off after
removing n+ amorphous Si, which constitutes an upper layer
of the semiconductor layer AS.

On the transparent substrate SUBI, silicon nitride having
a film thickness of 600 nm is stacked using a C\TD method.
After completion of a photolithography step, the patterning
is performed by dry etching using hexafluoric sulfur gas.
Thereafter, the resist film is peeled off to form the first
protective films PSV1 and their contact holes CH.

Step 4 (FIG. 6D)

On the transparent substrate SUB1, Cr having a thickness
of 30 nm is stacked using a sputtering method, and,
thereafter, Al having a thickness of 200 nm is stacked. After
completion of a photolithography step, it is etched using a
mixed solution of phosphoric acid, hydrochloric acid and.
nitric acid, and then Cr is etched using cerium nitrate second
ammonium solution, thus forming the pixel electrodes PX.

On the transparent substrate SUB 1, silicon nitride having
a film thickness of 300 nm is stacked using a C\TD method.
After completion of a photolithography step, the patterning
is performed by dry etching using hexafluoric sulfur gas.
Thereafter, the resist film is peeled off to form the second
protective film PSV2.

Embodiment 2

FIG. 7 is a plan view showing another embodiment of the
liquid crystal display device according to the present inven-
tion. FIG. 7 corresponds to FIG. 1. Further, a cross-sectional
view taken along a line VIII—VIII of FIG. 7 is shown in
FIG. 8.

The constitution of this embodiment, which is different
from the constitution shown in FIG. 1, lies in the color filters
FIL formed at the transparent substrate SUB2 side.

A boundary portion, which is defined between each color
filter FIL and the color filter FIL disposed close to each color
filter FIL, is positioned above the light shielding film SHL.
Further, above the light shielding film SHL, one color filter
FIL is formed on the other color filter FIL in a superposed
manner. In this case, at least one of the superposed color
filters FIL is formed of the green or blue color filter FIL, that
is, preventing only the red color filter FIL from being formed
in the superposed state.

As mentioned above, the external light which is reflected
on the light shielding film SHL, that is covered with the
semiconductor layer AS, adopts a red color after passing
through the semiconductor layer AS and is irradiated on the
superposed portion of the color filters FIL. mentioned pre-
viously. In this case, since the color of the color filter FIL
which constitutes the upper layer of the superposed portion
is either green or blue, this light is absorbed, and, hence, the
reflected light can be reduced.

When the color filter FIL. which constitutes the upper
layer (color filter on the liquid crystal LC side) is red,
although the reflected external light passes through the red
color filter, the green or blue color filter exists in the lower
layer, and, hence, the light is absorbed by this green or blue
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color filter. Accordingly, the colors of color filters FIL may
be superposed in any desired order. Based on such an
understanding, it is unnecessary for the color filter FIL
which is disposed above the light shielding film SHL to form
a superposed portion with another neighboring color filter
FIL, and so advantageous effects similar to the advantageous
effects of the embodiment 1 can be obtained by merely
arranging either the green or blue color filter FIL.

Embodiment 3

FIG. 9 is a plan view showing still another embodiment
of the liquid crystal display device according to the present
invention. FIG. 9 corresponds to FIG. 7. Further, FIG. 10 is
a cross-sectional view (only of the transparent substrate
SUBI side) taken along a line X—X in FIG. 9.

The liquid crystal display device according to this
embodiment adopts a partially transmitting and partially
reflective structure. The liquid crystal display device is
provided with a backlight at a back surface thereof, and the
backlight is turned on or off depending on the circumstances
at the time of display.

The constitution which makes this embodiment different
from the previous embodiment shown in FIG. 7 lies in that,
first of all, a pixel electrode PX1 formed of a metal layer
(corresponding to the pixel electrode PX in FIG. 7) is
provided with an opening portion HO at a portion which
occupies approximately a half thereof in a pixel region, for
example. That is, the opening portion HO formed in the
pixel electrode PX1 constitutes a part which allows the light
from the backlight~pass therethrough. Further, as shown in
FIG. 10, a pixel electrode PX2, which is formed of an ITO
(Indium-Tin-Oxide) film, for example, is formed over most
of the region of an upper surface of a protective film PSV2,
except for a periphery of the pixel region.

Although not shown in the drawing, the pixel electrode
PX2 is connected to the pixel electrode PX through a contact
hole formed in the protective film PSV2, so that video
signals, which are supplied to the pixel electrode PX1, are
also supplied to the pixel electrodes PX2. That is, the
generation of an electric field in the opening portion HO of
the pixel electrode PX1 is performed by the pixel electrode
PX2, and the light from the backlight is irradiated to the
viewer side through the liquid crystal material, whose light
transmittivity is changed in response to the intensity of the
electric field.

In the liquid crystal display device having such a
constitution, since the light shielding film SHL is present
between each pixel electrode PX1 and another neighboring
pixel electrode PX1 which is disposed close to this pixel
electrode PX1, an advantageous effect is obtained in that the
leaking of light from the backlight can be prevented.

In this embodiment, the pixel electrode PX2, which is
formed of an ITO film, is formed over the upper surface of
the protective film PSV2. However, it is needless to say that
the pixel electrode PX2 can be formed on a layer on which
gate signal lines GL and a light shielding film SHL are
formed. In this case, at the time of forming a source
electrode SD2 of thin film transistor TFT, by extending the
source electrode SD2 to a region where the pixel electrode
PX2 mentioned previously is formed, the source electrode
SD2 and the pixel electrode PX2 can be connected to each
other, whereby an advantageous effect is obtained in that a
step to form a contact hole or the like becomes no longer
necessary.

Embodiment 4

FIG. 11 is a cross-sectional view showing a further
embodiment of the liquid crystal display device according to
the present invention, and it corresponds to FIG. 4, FIG. 8
and FIG. 10.
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The constitution which makes this embodiment different
from the previous embodiment shown in FIG. 7 lies in the
isolation film GI, which functions as gate insulation films of
thin film transistors TFT. That is, in the above-mentioned
respective embodiments, the insulation films GI are formed
together with semiconductor layer AS on regions where thin
film transistors TFT are formed, regions where drain signal
lines DL are formed and regions where light shielding films
SHL are formed. However, in this embodiment, the insula-
tion film GI is substantially formed over the whole area of
an upper surface of a transparent substrate SUB1.

Such a constitution does not deteriorate the advantageous
effects of the present invention, and, hence, this embodiment
can also obtain advantageous effects similar to those of the
above-mentioned embodiments.

As has been explicitly explained heretofore, according to
the liquid crystal display device of the present invention, it
becomes possible to eliminate the reflection of light due to
the signal lines.

Further, when the liquid crystal display device is consti-
tuted as a partial reflection type device (constitution includ-
ing the backlight), the leaking of light from a backlight can
be prevented.

What is claimed is:

1. A liquid crystal display device comprising:

a plurality of gate signal lines which are formed on an

insulation substrate,

a plurality of drain signal lines which are formed on the

insulation substrate in such a way that the drain signal
lines intersect the gate signal lines,

thin film transistors which are connected to the gate signal
lines and the drain signal lines and reflection electrodes
which are connected to the thin film transistors, the thin
film transistors and the reflection electrodes being
formed on pixel regions which are surrounded by the
respective signal lines, and

sequential laminated bodies each of which is made of a
light shielding film and a semiconductor layer, each
sequential laminated body being formed covering such
area as between the reflection electrode and the reflec-
tion electrode of other neighboring pixel region in such
a way that the sequential laminated body is superposed
on the sides of the reflection electrodes.

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

wherein a region disposed between the reflection electrode
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and a reflection electrode of other neighboring pixel region
is disposed close to a region where the gate signal line is
formed or a region where the drain signal line is formed.

3. A liquid crystal display device according to claim 2,
wherein the light shielding film is disposed close to a region
where the gate signal line is formed or a region where the
drain signal line is formed.

4. A liquid crystal display device according to claim 1,
wherein the light shielding film is formed on a layer on
which the gate signal lines are formed and the semiconduc-
tor layer is formed on a layer on which a semiconductor
layer of the thin film transistor is formed.

5. A liquid crystal display device according to claim 1,
wherein the drain signal lines are formed in such a way that
the drain signal lines have a full width thereof disposed
below the reflection electrodes and are superposed on the
reflection electrodes.

6. A liquid crystal display device according to claim 1,
wherein between the reflection electrode and the reflection
electrode of other neighboring pixel region, a boundary
portion defined between color filters of different colors is
positioned.

7. A liquid crystal display device according to claim 1,
wherein between the reflection electrode and a reflection
electrode of other neighboring pixel region, a green color
filter or a blue color filter is formed.

8. A liquid crystal display device according to claim 1,
wherein between the reflection electrode and a reflection
electrode of other neighboring pixel region, a superposed
portion of color filters of different colors is positioned.

9. A liquid crystal display device according to claim 1,
wherein between the reflection electrode and a reflection
electrode of other neighboring pixel region, a superposed
portion of color filters of different colors is positioned, and
at least one color filter is the green color filter or the blue
color filter.

10. A liquid crystal display device according to claim 6,
wherein the color filters are formed on other insulation
substrate side which is arranged to face the insulation
substrate so as to sandwich liquid crystal therebetween.

11. A liquid crystal display device according to claim 1,
wherein the light shielding film and the gate signal lines are
formed at the same time and the semiconductor layer and a
semiconductor layer of the thin film transistor are formed at
the same time.



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HA R E(FRR)AGE)

FRI& B A

EHA

IPCH %S
CPCH(S
£ AR

H AT 3R
ShEREESE

BEG®)

NTEEBETESLIEN AR , REERRESELERELEER wa L
LS ERMIRESL , FRELEERLNSRZFNESL , EERR m_{
EELEMRERESL , ERIMRESKNFRES KNV EERE

g ERIEEEAEN RS RN FREAENRFEMEREHE
MESLESNGRXE L URELZEEGE , B NEEBEHIESRN
FSERHK. BMNUFEEETKES —HSGREXEN RS BRN
REFERZE , EEIRFEEGEEE RS BROME L,

TFT-LCDEf , EREBENMCEEFEXENESHEEK
US6657682 AT (2 8) B
US10/073965 HiEA

Y& —ANNO
fEE R

7&—ANNO
AR A

WTRSHIERCO. , LTD.

ANNO KOUICHI
SASAKI TOHRU

ANNO, KOUICHI
SASAKI, TOHRU

GO02F1/1362 G02F1/13 G02F1/1335 G02F1/1368 G02F1/136
GO02F1/136209

2001066574 2001-03-09 JP

US20020126239A1

Espacenet USPTO

2003-12-02

2002-02-14

patsnap

— AS

= SH1

— Px



https://share-analytics.zhihuiya.com/view/fe0d6f19-a92f-4152-b0d3-1a69cf2ac208
https://worldwide.espacenet.com/patent/search/family/018925041/publication/US6657682B2?q=US6657682B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6657682.PN.&OS=PN/6657682&RS=PN/6657682

