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7) ABSTRACT

The present invention aims at the elimination of reflection of
light due to signal lines. To achieve this object, a liquid
crystal display device includes 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 sub-
strate 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
clectrodes 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 semicon-
ductor layer, each sequential laminated body being formed
between the reflection electrode and the reflection electrode
of other 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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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 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.

[0002] In an active matrix type liquid crystal display
device, on a liquid-crystal-side surface of one of respective
substrates which are arranged to face each other so as to
sandwich liquid crystal between them, 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-side 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.

[0003] 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 disposed between them.

[0004] Then, there has been known a liquid crystal display
device which makes a portion or the whole of pixel electrode
formed of a metal layer having the high light reflectance.
This liquid crystal display device functions at least as a
reflection type.

[0005] Since the liquid crystal display device enables a
viewer to recognize images by making use of an external
light such as sun beams, the power consumption can be
saved.

[0006] However, so long as a liquid crystal display device
is used to function as a reflection type, there arises a case that
a sufficient external light cannot be ensured depending on a
site where the liquid crystal display device is used. Accord-
ingly, the constitution which can enhance the numerical
aperture becomes more important compared to other kinds
of liquid crystal display devices.

[0007] The present invention has been made in view of
such circumstances and it is an object of the present inven-
tion to provide a liquid crystal display device having a
constitution which can enhance the numerical aperture.

[0008] Further, it is another object of the present invention
to provide a liquid crystal display device which can elimi-
nate the light reflection derived from signal lines.

[0009] Tt 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

[0010] The summary of typical examples of invention
disclosed in the specification is simply explained below.

[0011] That is, a liquid crystal display device according to
the present invention includes, for example, a plurality of
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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-
nected 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 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 reflec-
tion electrode of other neighboring pixel region such that the
sequential laminated body is superposed on sides of these
reflection electrodes.

[0012] 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 more necessary to provide a black matrix which has
a function similar to the function of the light shielding film
to the other insulation substrate.

[0013] This implies that it becomes possible to narrow the
width of the light shielding films without taking the toler-
ance of superposition between one insulation substrate and
the other insulation substrate into consideration whereby the
numerical aperture can be enhanced.

[0014] 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

[0015] FIG. 1 is a plan view showing one embodiment of
a pixel of a liquid crystal display device according to the
present invention,

[0016] FIG. 2 is an overall equivalent circuit diagram
showing one embodiment of the liquid crystal display device
according to the present invention;

[0017] FIG. 3 is a cross-sectional view taken along a line
II-I of FIG. 1;

[0018] FIG. 4 is a cross-sectional view taken along a line
VIV of FIG. 1,

[0019] FIG. 5 is a plan view showing the details of an
arrangement of color filters of the liquid crystal display
device according to the present invention,

[0020] FIG. 6A to FIG. 6D are step views showing one
embodiment of a manufacturing method of a liquid crystal
display device according to the present invention;

[0021] FIG. 7 is aplan view showing another embodiment
of the pixel of the liquid crystal display device according to
the present invention;

[0022] FIG. 8 is a cross-sectional view taken along a line
VIII-VIII of FIG. 7,

[0023] FIG.9is a plan view showing still another embodi-
ment of the pixel of the liquid crystal display device accord-
ing to the present invention;

[0024] FIG.10is a cross-sectional view taken along a line
X-X of FIG. 9; and
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[0025] 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

[0026] Embodiments of a liquid crystal display device
according to the present invention are explained in detail in
conjunction with drawings hereinafter.

[0027] Embodiment 1.
[0028] <<Equivalent circuit>>
[0029] FIG. 2 is an equivalent circuit diagram showing

one embodiment of a liquid crystal display device according
to the present invention. Although the drawing is the circuit
diagram, the circuit is drawn in conformity with an actual
geometric arrangement.

[0030] In the drawing, a transparent substrate SUBI is
arranged to face other transparent substrate SUB2 so as to
sandwich liquid crystal between the transparent substrates
SUBI, SUB2.

[0031] On a liquid-crystal-side surface of the transparent
substrate SUB1, gate signal lines GL which extend in the x
direction and are arranged in the y direction in parallel and
drain signal lines DL which are insulated from the gate
signal lines and extend in the y direction and are arranged in
the x direction in parallel are formed. 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.

[0032] 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.

[0033] 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.

[0034] 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 other transparent
substrate SUB2 which is arranged to face one substrate
SUBI so as to sandwich liquid crystal therebetween. Due to
such a constitution, the light transmittivity of the liquid
crystal between the respective electrodes can be controlled.

[0035] Each gate signal line GL has one end thereof
extended to one side (left side in the drawing) of the
transparent substrate SUB1. On an extended portion of the
gate signal line GL, a terminal portion GTM which is
connected to a bump of a semiconductor integrated circuit
GDRC which is constituted of a vertical scanning circuit
mounted on the transparent substrate SUBIL is formed.
Further, each drain signal line DL has one end thereof
extended to one side (upper side in the drawing) of the
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transparent substrate SUBI. On an extended portion of the
drain signal line DL, a terminal portion DTM 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 SUBI is formed.

[0036] The respective semiconductor integrated circuits
GDRC, DDRC per se are completely mounted on the
transparent substrate SUBI thus forming a so-called COG
(Chip-On-Glass) system.

[0037] Respective bumps at the input sides of the semi-
conductor integrated circuits GDRC, DDRC are respectively
connected to the terminal portions GTM2, DTM2 formed on
the transparent substrate SUB1. 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 transparent
substrate SUB1 through respective wiring layers.

[0038] The transparent substrate SUB2 is arranged to face
the transparent substrate SUB1 so as to avoid the regions
where the semiconductor integrated circuits GDRC, DDRC
are mounted. The transparent substrate SUB2 has a smaller
area than the transparent substrate SUB1.

[0039] The transparent substrate SUB2 is fixed to the
transparent substrate SUB1 by a sealing member SL which
is formed on the periphery of the transparent substrate
SUB2. The seal member SL also has a function of sealing the
liquid crystal between the transparent substrates SUBI,
SUB2.

[0040] In the above-mentioned explanation, the liquid
crystal display device which uses the COG system has been
explained. However, the present invention is also applicable
to a liquid crystal display device which adopts a TCP
system. Here, in the TCP system, semiconductor integrated
circuits 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 and input terminals of the semiconductor inte-
grated circuits are connected to terminal portions on a
printed circuit board arranged close to the transparent sub-
strate SUBL.

[0041]

[0042] FIG. 1is a plan view showing the constitution of
one pixel region on the transparent substrate SUB1 and also
is a plan view corresponding to a portion which is indicated
by a dotted line frame A in FIG. 2.

[0043] Further, FIG. 3 is a cross-sectional view taken
along a line ITI-IIT of FIG. 1 and FIG. 4 is a cross-sectional
view taken along a line IV-IV of FIG. 1.

[0044] 1In 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
SUBL.

[0045] The gate signal lines GL are formed of aluminum,
for example, and have surfaces thereof subjected to anodic
oxidation.

[0046] Then, 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.

<<Constitution of Pixel>>
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[0047] The light shielding films SHL are formed to have
an inverse “L” shape 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.

[0048] Then, sequential laminated body which is consti-
tuted of an insulation film GI 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 is formed and upper surfaces
of the light shielding films SHL.

[0049] 1In 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.

[0050] 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.

[0051] The sequential laminated body formed of the insu-
lation film GI and the semiconductor layer AS which is
arranged on the region where the drain signal lines which
will be explained later are formed has a function of an
interlayer insulation film against the gate 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.

[0052] The sequential laminated body formed of the insu-
lation 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 a reflection light of
an external light by the light shielding film SHL with the use
of the semiconductor layer AS. This function will be
explained in detail later.

[0053] Then, the drain signal lines DL which extend in the
y direction and are arranged in parallel in the x direction are
formed. Here, the drain signal lines DL are formed on the
above-mentioned sequential laminated body formed of the
insulation film GI and the semiconductor layer AS.

[0054] Further, the drain signal line DL has a portion
thereof extended to and 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 drain
signal line DL is formed as the drain electrode SD1 of the
thin film transistor TFT.

[0055] Further, at the same time, the source electrode SD2
is formed apart from the above-mentioned drain electrode
SD1 by a length corresponding to the channel length of the
thin film transistor TFT. The source electrode SD2 is con-
nected to the pixel electrode PX which will be explained
later. To ensure such a connection portion with the pixel
electrode PX, the electrode SD2 adopts a pattern in which
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the electrode SD2 has an extension portion which is slightly
extended toward the center side of the pixel region.

[0056] Here, semiconductor layers doped with impurities
are respectively formed at interfaces between the drain
electrode SD1, the source electrode SD2 and the semicon-
ductor layer AS. These semiconductor layers function as
contact layers.

[0057] After forming the semiconductor layer AS, a semi-
conductor 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-men-
tioned constitution.

[0058] Then, over the surface of the transparent substrate
SUBI 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.

[0059] The protective film PSV1 is provided for avoiding
the direct contact of the thin film transistor TFT with the
liquid crystal. 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 PSV1.

[0060] 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 transparent substrate SUB2 side (viewer side).

[0061] 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 such that the pixel electrode
PX extends over portions of respective pixel regions
arranged at the left side and the upper side of the drawing,
for example.

[0062] 1In 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 which undergoes the
explanation here are respectively covered with the respec-
tive pixel electrodes PX of the lower-side pixel region and
the right-side pixel region.

[0063] 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.

[0064] With respect to the pixel electrode PX in the pixel
region, the pixel electrode PX has a lower side and a right
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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 region with a gap
therebetween on the light shielding film SHL.

[0065] 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.

[0066] Further, on the surface of the transparent substrate
SUB2 on which the pixel electrode PX is formed, a protec-
tive 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 the direct contact of the
pixel electrode PX with the liquid crystal and can prevent the
deterioration of characteristics of the liquid crystal due to the
metal layer.

[0067] Then, on an upper surface of the protective film
PSV2, an orientation film ORI1 is formed. The orientation
film ORIL is made of resin, for example, and a rubbing
treatment in a fixed direction is applied to a surface of the
orientation film ORI1. The orientation film ORI1 is brought
into contact with the liquid crystal LC so that the initial
orientation direction of the liquid crystal L.C is determined
by the orientation film ORI1.

[0068] 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).

[0069] The black matrixes BM have only a function of
avoiding the irradiation of the external light to the thin film
transistor TFT and hence, the black matrixes BM are formed
in an island-like pattern.

[0070] Originally, the black matrixes BM are usually
formed also on the gate signal lines GL and the drain signal
lines DL to enhance the contrast of display. In this embodi-
ment, however, since the portions of the pixel electrodes PX
also perform this function so that the black matrixes BM
adopt the above-mentioned island-like pattern.

[0071] Color filters FIL are formed on the transparent
substrate SUB2 such that the color filters FIL also cover the
black matrixes BM.

[0072] The color filters FIL arranged such that, for
example, the common filer of same color is used on respec-
tive pixel regions which are arranged in the y direction 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.

[0073] In this case, each color filter FIL is brought into
contact with other neighboring color filters FIL without
being superposed each other and the contact portions are
arranged to be aligned with approximately 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 SUBI side. FIG. 5 is a
drawing (corresponding to FIG. 1) which shows the posi-
tional relationship between the transparent substrate SUB1
and the transparent substrate SUB2 on which the color filters
FIL are formed. Boundary portions between the color filter
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FIL and the other neighboring color filters FIL are positioned
on the light shielding films SHL.

[0074] 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.

[0075] Then, 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.

[0076] 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 respec-
tive pixel regions and controls the light transmittivity of the
liquid crystal LC between these respective electrodes.

[0077] Further, on the surface of the transparent substrate
SUB2 on which the counter electrode CT is formed, an
orientation film OR12 is formed such that the orientation
film OR12 also covers the counter electrode CT. The ori-
entation 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 LC is
determined by the orientation film ORI2.

[0078] 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 the other neighboring
pixel electrode PX so that it is unnecessary to provide the
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.

[0079] 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 substrate SUB2 into consideration so
that the liquid crystal display device having the improved
numerical aperture can be realized.

[0080] Further, since the semiconductor layer AS is lami-
nated 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.

[0081] 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 becomes the red-based color after
passing through the semiconductor layer AS.

[0082] 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 in the drawing and the drain signal line DL formed at
the left side of the pixel region in the drawing and respective
signal lines are covered with the pixel electrode PX.

[0083] 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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[0084] 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 advantageous effect that the capacitance of the
capacitive element Cadd can be increased is obtained.

[0085]

[0086] One embodiment of the manufacturing method of
the above-mentioned liquid crystal display device is
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.

[0087] Step 1. (FIG. 6A)

[0088] On the transparent substrate SUBI, 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.

[0089] That is, the light shielding films SHL are simulta-
neously 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.

[0090] 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 anodized film is necessary due to a
following reason. That is, Al is liable to generate hillock 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 by
penetrating the interlayer insulation film. The anodized film
can prevent the occurrence of such a phenomenon.

[0091] Step 2. (FIG. 6B)

[0092] On the transparent substrate SUB1, an insulation
film made of SiN is stacked using a CVD method until a
thickness thereof becomes 240 nm thus forming the insula-
tion 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
n+ amorphous Si has a thickness of 35 nm thus forming the
semiconductor layer AS.

[0093] After completion of a photolithography step, the
laminated body formed of the insulation film GI as men-
tioned above and the semiconductor layer AS is subjected to
dry etching at one time using the hexafluoric sulfur gas.

[0094] 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 approximately 70°.

<<Manufacturing Method>>
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[0095] Due to such a constitution, the laminated body
made of the insulation film GI and the semiconductor layer
AS can make side wall surfaces thereof smooth and can
avoid the presence of steep stepped portions on the side wall
surface and hence, can avoid the disconnection with the
wiring layers at stepped portions which may occur due to the
presence of the steep stepped portions.

[0096] Step 3 (FIG. 6C)

[0097] 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.

[0098] After completion of a photolithography step, Al is
etched using a mixed solution of phosphoric acid, hydro-
chloric acid and nitric acid and then Cr is etched using
cerium nitrate second ammonium solution thus forming the
drain signal lines DL, the drain electrodes SD1 and the
source electrodes SD2.

[0099] Subsequently, the 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.

[0100] On the transparent substrate SUBI, silicon nitride
having a film thickness of 600 nm is stacked using a CVD
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.

[0101] Step 4 (FIG. 6D)

[0102] 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.

[0103] After completion of a photolithography step, is
etched using a mixed solution of phosphoric acid, hydro-
chloric acid and nitric acid and then Cr is etched using
cerium nitrate second ammonium solution thus forming the
pixel electrodes PX.

[0104] On the transparent substrate SUBL, silicon nitride
having a film thickness of 300 nm is stacked using a CVD
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.

[0105]

[0106] FIG. 7 is a plan view showing other embodiment
of the liquid crystal display device according to the present
invention. FIG. 7 corresponds to FIG. 1. Further, a cross-
sectional view taken along a line VIII-VII of FIG. 7 is
shown in FIG. 8.

[0107] The constitution of this embodiment which is dif-
ferent from the constitution shown in FIG. 1 lies in color
filters FIL formed at the transparent substrate SUB2 side.

[0108] 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.

Embodiment 2.
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[0109] In this case, at least one of 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.

[0110] As mentioned above, the external light which is
reflected on the light shielding film SHL covered with the
semiconductor layer AS becomes 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
reflection light can be reduced.

[0111] 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
color filter. Accordingly, the colors of color filters FIL may
be superposed in any desired order.

[0112] Based on such an understanding, it is unnecessary
for the color filter FIL which is disposed above the light
shielding film SHL to form the superposed portion with
other neighboring color filter FIL and 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.

[0113]

[0114] FIG.9is a plan view showing still another embodi-
ment 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 a transparent sub-
strate SUBI side) taken along a line X-X of FIG. 9.

[0115] 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 cases at the time
of display.

[0116] 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.

[0117] That is, the opening portion HO formed in the pixel
electrode PX1 constitutes a part which allows the light from
the backlight pass therethough.

[0118] Further, as shown in FIG. 10, a pixel ¢lectrode PX2
which is formed of an ITO (Indium-Tin-Oxide) film, for
example, is formed over a most region of an upper surface
of a protective film PSV2 except for a periphery of the pixel
region.

[0119] 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.

Embodiment 3
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[0120] 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
whose light transmittivity is changed in response to the
intensity of the electric field.

[0121] 1In the liquid crystal display device having such a
constitution, since the light shielding film SHL is present
between each pixel electrode PX1 and other neighboring
pixel electrode PX1 which is disposed close to this pixel
electrode PX1, an advantageous effect is obtained that the
leaking of light from the backlight can be prevented.

[0122] In this embodiment, the pixel electrode PX2 which
is formed of an I'TO 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.

[0123] In this case, at the time of forming a source
electrode SD2 of a 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 are connected to each other
whereby an advantageous effect is obtained that a step to
form a contact hole or the like becomes no more necessary.

[0124]

[0125] FIG. 11 s a cross-sectional view showing a further
embodiment of the liquid crystal display device according to
the present invention, and corresponds to FIG. 4, FIG. 8 and
FIG. 10.

[0126] 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 insula-
tion films of thin film transistors TFT.

[0127] That is, in the above-mentioned respective embodi-
ments, the insulation films GI are formed together with
semiconductor layer AS on regions where thin film transis-
tors 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 insulation film GI
is substantially formed over the whole area of an upper
surface of a transparent substrate SUBI.

[0128] Such a constitution does not deteriorate the advan-
tageous effects of the present invention and hence, this
embodiment can also obtain advantageous effects similar to
those of the above-mentioned embodiments.

[0129] 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.

[0130] Further, when the liquid crystal display device is
constituted as a partial reflection type device (constitution
including the backlight), the leaking of light from the
backlight can be prevented.

Embodiment 4.

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

a plurality of gate signal lines which are formed on an
insulation substrate,
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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
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
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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.
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