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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates generally to an LCD
(Liquid Crystal Display) device and a method for manufac-
turing the same and, more particularly to, an IPS (In-Phase
Switching)-type LCD device having a configuration that
liquid crystal is hermetically sealed between a TFT (Thin
Film Transistor) substrate and an opposite substrate and also
a picture element electrode and a common electrode are
arranged on the TFT substrate in such a manner as to be
opposite to each other on the same plane.

[0003] The present application claims priority of Japanese
Patent Application No. 2002-024864 filed on Jan. 31, 2002,
which is hereby incorporated by reference.

[0004] 2. Description of the Related Art

[0005] An LCD device is widely used as a monitor and a
display device in a variety of information equipment units.
The LCD device is made up of a TFT substrate on which is
there formed a TFT which operates as a switching element,
an opposite substrate, and liquid crystal material which is
hermetically sealed between these substrates. Such LCD
devices are roughly classified into a TN (Twisted Nematic)
type LCD device and an IPS (In-Phase Switching) type LCD
device in view of display mechanism.

[0006] ATN-type LCD device has such a construction that
a plurality of picture element electrodes is arranged on the
TFT substrate and a plurality of common electrodes is
arranged on an opposite substrate, whereby a driving voltage
is applied between the arbitrary picture element electrode
and the corresponding common electrode so as to generate
an electric field in a direction perpendicular to the TET
substrate and the opposite substrate in operation, so-called
perpendicular electric field. The IPS-type LCD device, on
the other hand, has such a construction that on one of the two
substrates, for example, on a TFT substrate are there
arranged a plurality of picture element electrodes and a
plurality of common electrodes, each of which is configured
to be opposite to the corresponding one of picture element
electrodes in a direction parallel to the TFT substrate,
whereby a driving voltage is applied between the two
electrodes to generate an electric field in a horizontal direc-
tion with respect to the substrates in operation, so-called
horizontal electric field. Thus, in the case of the IPS-type
LCD device, orientation of an LCD molecular occurs along
the surface of substrate, for example, the TFT substrate and
so0, owing to this principle, has an advantage that a wider
angle of visibility can be obtained than by the TN-type LCD
device. The IPS-type LCD device has become, therefore,
used widely and preferably. Such the IPS-type LCD device
is disclosed, for example, in Japanese Patent Application
Laid-open No. Hei 10-48670.

[0007] FIG. 9 shows only one unit picture element of a
monochromatic LCD device. FIG. 11, on the other hand,
shows only a TFT substrate. As shown in FIGS. 9 to 11, this
monochromatic LCD device has a liquid crystal 103 sealed
hermetically between a TFT substrate 101 and an opposite
substrate 102, in such a configuration that the TFT substrate
101 includes a first transparent insulation substrate 106

1. Field of the Invention
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made of glass or a like, a first polarizing plate 107 formed
on the outer side face of the first transparent insulation
substrate 106, a scanning line (gate bus line) 108 which is
made of Cr (chrome), Al (aluminum), Mo (molybdenum), or
a like and formed on part of the inner side face of the first
transparent insulation substrate 106, common electrodes 109
formed on other parts of the surface of the first transparent
insulation substrate 106, an inter-layer insulation film 110
which is made of Si0, (silicon oxide film), SiN (silicon
nitride film), or a like and formed in such a manner as to
cover the scanning line 108 and the common electrodes 109
in order to provide a gate insulation film partially, a semi-
conductor layer 113 which is made of an a-Si (amorphous
silicon) film or a like and formed above the scanning line
108 via the inter-layer insulation film 110, ohmic layers
113A and 113B which are made of an n+ type a-Si film or
a like and formed at both ends of the semiconductor layer
113, a drain electrode 116 and a source electrode 117 which
are made of Cr, Al, Mo, or a like and formed in such a
manner as to be connected to the ohmic layers 113A and
113B respectively, picture element electrode 121 and a data
line 122 which are formed integrally with the drain electrode
116 and the source electrode 117 respectively on the inter-
layer insulation film 110, a passivation film (protecting
insulation film) 125 which is made of SiO,, SiN, or a like
and formed in such a manner as to cover the picture element
electrode 121 and the data line 122, and a first oriented film
127 which is made of poly-imide or a like and formed in
such a manner as to cover the picture element electrode 121
and the data line 122 via the passivation film 125. In this
construction, the scanning line 108, the semiconductor layer
113, the drain electrode 116, and the source electrode 117 are
combined to make up a TFT 129. It is to be noted that such
a portion of the scanning line 108 as to be present directly
below the semiconductor layer 113 acts as a gate electrode.
Furthermore, the data line 122 acts as a drain wiring line.
Similarly, portions of the common electrode 109 other than
such a portion thereof as to be opposite to the picture
element electrode 121 serve as a common electrode wiring
line 109A.

[0008] The opposite substrate 102, on the other hand,
includes a second transparent insulation substrate 131 made
of glass or a like, a second polarizing plate 133 formed on
the outer side face of the second transparent insulation
substrate 131 via a conductive layer 132 for preventing
electrostatic-electricity, a plurality of black matrix layer
regions 134 made of Cr, Ti, or a like, each of which is
formed on the inner side face of the second transparent
insulation substrate 131, a flattening film 136 formed in such
a manner as to cover the black matrix layer regions 134, and
a second oriented film 137 which is made of poly-imide or
a like and formed on the flattening film 136. Furthermore, a
direction arrow indicates a rubbing direction 139 in which
rubbing processing is conducted on the first oriented film
127.

[0009] This rubbing direction 139 is set as inclined by a
constant angle with respect to a longitudinal direction (direc-
tion in which the data line 122 is formed) in order to securely
determine a twisting direction of the liquid crystal 103 when
it is injected into between the TFT substrate 101 and the
opposite substrate 102.

[0010] The above-mentioned rubbing processing is, as
shown in FIG. 12, conducted by revolving a rubbing roller
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80 made up of a revolving roller 77 having rubbing hair 79
attached thereto around it via a rubbing cloth 78 so that the
TFT substrate 101 as provided thereon with the first oriented
film 127 may be moved under the rubbing roller 80, to rub
the surface of the first oriented film 127 with the rubbing hair
79, thus forming rubbing trenches.

[0011] The following will describe a method for manu-
facturing a conventional LCD device along steps thereof
with reference to FIGS. 13A to 13B through FIG. 16A to 16
B. FIGS. 13A, 14A, 15A, and 16A show respective cross-
sectional views which correspond to a cross-sectional view
taken along line C-C of FIG. 9, while FIGS. 13B, 14B, 15B,
and 16B show respective cross-sectional views which cor-
respond to a cross-sectional view taken along line D-D of
FIG. 9.

[0012] First, as shown in FIGS. 13A and 13B, on the first
transparent insulation substrate 106 made of glass or a like,
a conductive film which is made of Cr, Al, Mo, or a like and
has a film thickness of 200-400 nm is formed throughout the
surface by sputtering and then, using a known photolitho-
graphic method, is patterned to form the scanning line 108
simultaneously with the common electrode 109 and the
common electrode wiring line 109A which are made of this
conductive film. The common electrode wiring line 109A,
however, is not shown in FIGS. 13A and 13B.

[0013] Next, as shown in FIGS. 14A and 14B, the inter-
layer insulation film 110 which is made of a Si0, film, a SIN
film, or the like and partially provides a gate insulation film
is formed throughout the surface by using a CVD (Chemical
Vapor Deposition) method, on which the inter-layer insula-
tion film 110 are sequentially formed the semiconductor
layer 113 made of a-Si or the like and the ohmic layers 113A
and 113B made of an n* type a-Si film or the like at both
ends of the semiconductor layer 113. Next, a conductive film
which is made of Cr, Al, Mo, or the like and has a film
thickness of 200-400 nm is formed throughout the surface
by sputtering and then is patterned by a known photolitho-
graphic method to form the picture element electrode 121,
the drain ¢lectrode 116, the source electrode 117, and the
data lines 122 simultancously.

[0014] Next, as shown in FIGS. 15A and 15B, the pas-
sivation film 125 made of a 810, film, a SiN film, or the like
is formed throughout the surface by using a CVD method
and then, the first oriented film 127 made of poly-imide or
the like is formed in such a manner as to cover the passi-
vation film 125. Then, as shown in FIG. 12, the rubbing
roller 80 is used to conduct rubbing processing on the first
oriented film 127.

[0015] Next, as shown in FIGS. 16A and 16B, the liquid
crystal 103 is hermetically sealed between the TFT substrate
101 and the opposite substrate 102 which is made by
sequentially forming a plurality of black matrix layers
regions 134 made of Cr, Ti, or the like, the flattening film
136, and the second oriented film 137 made of poly-imide or
the like on the inner side face of the second transparent
insulation substrate 131 made of glass or the like. Then, the
first polarizing plate 107 is formed on the outer side face of
the TFT substrate 101 and the second polarizing plate 133 is
formed via the conductive layer 132 for preventing electro-
static-electricity on the outer side of the opposite substrate
102, thus completing such the conventional LCD device as
shown in FIGS. 9 to 11.
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[0016] In such a configuration of the above-mentioned
LCD device that the main portion of the unit picture element
is made up of the common electrode 109 and the picture
element electrode 121 which are opposite to each other in a
comb-teeth shape, the common electrode 109 and the picture
element electrode 121 are formed at the same time as the
other electrodes or the wiring lines are formed, from a
viewpoint of an advantage in manufacturing method. That
is, as described above, the common electrode 109 is formed
of the same conductive material as the scanning line 108 and
the common electrode wiring line 109A and at the same time
as they are formed. Furthermore, the picture element elec-
trode 121 is formed of the same material as the drain
electrode 116, the source electrode 117, and the data line 122
at the same time as they are formed. Accordingly, it is
possible to eliminate a manufacturing process of forming the
electrode or the wiring line, thus avoiding an increase in
COSts.

[0017] In the conventional LCD device and method for
manufacturing the same, however, since a common elec-
trode 109 and a picture element electrode 121 which make
up the main portion of a unit picture element are formed to
have a relatively thick film, a step occurs on the first oriented
film 127 formed on a protecting insulation film via these two
electrodes, so that rubbing processing so as to form the first
oriented film 127 cannot be sufficiently performed, which is
a problem.

[0018] That is, in the conventional LCD device and the
method for manufacturing the same, as described above,
although the common electrode 109 and the picture element
electrode 121 which make up the main portion of a unit
picture element are both formed of the same conductive
material as the other electrodes or wiring lines and at the
same time as they are formed, two kinds of electrodes, the
common electrode 109 and the picture element electrode
121 are formed to have a relatively thick film, so that a step
140 occurs in the first oriented film 127 as shown in FIG. 10
when the first oriented film 127 is formed via the passivation
film 125 on these two electrodes, the common electrode 109
and the picture element electrode 121 and, therefore, such
rubbing processing as shown in FIG. 12 cannot sufficiently
be conducted because it is interfered by the step 140.

[0019] The above-mentioned LCD device, which is
widely used as a monitor of medical-care equipment, has a
performance requirement of, especially, a high contrast for
this type of monitor. To satisfy this requirement, it is
important in configuration of the LCD device to conduct
rubbing processing sufficiently on the first oriented film 127
formed on the TFT substrate 101 in order to improve the
orientation of the liquid crystal 103. On a conventional LCD
device, however, the rubbing processing cannot sufficiently
be conducted for the reason described above, so that a high
contrast has been difficult to achieve.

[0020] Tt is to be noted that the film thickness of the
common electrode 109 and the picture element electrode
121 is determined by the required film thickness conditions
of the common electrode wiring line 109A which is formed
simultaneously with these two electrodes, the common
electrode 109 and the picture element electrode 121, or of
the data line 122. That is, if the LCD device is viewed as a
display product, it must satisfy a basic concept of saving on
power dissipation as much as possible; so that, in such the
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LCD device as described above in which a number of unit
picture elements are integrated to make up the product, it is
necessary to reduce the wiring line resistance of the data line
122 and the common electrode wiring line 109A which
supplies power to the common electrode 109 and the picture
element electrode 121 which make up the main portion of
the unit picture element. To do so, it is in turn necessary to
increase the film thickness of these two wiring lines, the
common electrode wiring line 109A and the data line 122,
which results in formation of a relatively thick film of the
two electrodes, the common electrode 109 and the picture
element electrode 121, as well which are formed simulta-
neously. The common electrode 109 and the picture element
electrode 121 themselves function sufficiently even if they
are relatively thin and so need not be formed as thick as the
common electrode wiring line 109A and the data line 122.

[0021] Therefore, to decrease the size of the step 140 in
the oriented film 127 which is formed on both of the
electrodes, the common electrode 109 and the picture ele-
ment electrode 121, it is necessary to form a conductive
material as a relatively thin film, which has been, however,
difficult in a conventional LCD device and by a method for
manufacturing the same. If the rubbing processing cannot
sufficiently be conducted as in the case of the conventional
method, the contrast is deteriorated drastically, especially in
a normal-black LCD device.

SUMMARY OF THE INVENTION

[0022] In view of the above, the present invention has
been developed, and it is an object of the present invention
to provide an LCD device and a method for manufacturing
the same which can decrease a size of a step which occurs
on an oriented film, to achieve high contrast without increas-
ing wiring line resistance.

[0023] According to a first aspect of the present invention,
there is provided a liquid crystal display device, including:

[0024] a first substrate,

[0025] a second substrate being opposite to the first
substrate;
[0026] a liquid crystal material hermetically sealed

between the first substrate and the second substrate;

[0027] a plurality of data lines, each of which a
plurality of picture element electrodes are connected
to, the plurality of data lines and the plurality of
picture element electrodes being formed on the first
substrate; and

[0028] a plurality of common electrode wiring lines,
each of which a plurality of common electrodes are
branched off from, the plurality of common electrode
wiring lines and the plurality of common electrodes
being formed on the first substrate,

[0029] wherein each of the picture element electrodes
and each of the common electrodes are located in
such a manner as to be opposite to each other in an
approximately planar direction, and wherein the plu-
rality of data lines and the plurality of common
electrode wiring lines are formed as thick conductive
films, while the plurality of picture element elec-
trodes and the plurality of common electrodes are
formed as thin conductive films.
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[0030] According to a second aspect of the present inven-
tion, there is provided a liquid crystal display device,
including:

[0031] a first substrate;

[0032] a second substrate being opposite to the first
substrate;

[0033] a liquid crystal material hermetically sealed

between the first substrate and the second substrate;

[0034] a plurality of data lines, each of which a
plurality of picture element electrodes are connected
to respectively through a thin film transistor, the
plurality of data lines and the plurality of picture
element electrodes being formed on the first sub-
strate; and

[0035] a plurality of common electrode wiring lines,
each of which a plurality of common electrodes are
branched off from, the plurality of common electrode
wiring lines and the plurality of common electrodes
being formed on the first substrate,

[0036] wherein each of the picture element electrodes
and each of the common electrodes are located in
such a manner as to be opposite to each other in an
approximately planar direction, and

[0037] wherein the plurality of data lines and the
plurality of common electrode wiring lines are
formed as thick conductive films, while the plurality
of picture element electrodes and the plurality of
common electrodes are formed as thin conductive
films.

[0038] 1In the foregoing first or second aspect, a preferable
mode is one that wherein further includes: a plurality of
scanning lines formed as thin conductive films on the thin
film transistor substrate, wherein the thin film transistor is
connected to the scanning line.

[0039] Also, a preferable mode is one that wherein a drain
electrode and a source electrode, making up respectively the
thin film transistor, are formed as the thick conductive film.

[0040] Also, a preferable mode is one wherein the thick
conductive film is formed as a stacked film comprising a first
conductive film making up a lower layer and a second
conductive film making up an upper layer.

[0041] Also, a preferable mode is one wherein the first
conductive film and the second conductive film are made up
of a same kind of conductive film.

[0042] Also, a preferable mode is one wherein the thick
conductive film and the thin conductive film are made up of
a same kind of conductive film.

[0043] Also, a preferable mode is one wherein a width of
the second conductive film as the upper layer is approxi-
mately same as or larger than a width of the first conductive
film as the lower layer.

[0044] According to a third aspect of the present inven-
tion, there is provided a method for manufacturing a liquid
crystal display device, including: a thin film transistor sub-
strate; an opposite substrate being opposite to the thin film
transistor substrate; a liquid crystal material hermetically
sealed between the thin film transistor substrate and the
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opposite substrate; a plurality of data lines, each of which a
plurality of picture element electrodes are connected to
respectively through a thin film transistor having a semi-
conductor layer region, a drain electrode and a source
electrode, the plurality of data lines and the plurality of
picture element electrodes making up a surface portion of
the thin film transistor substrate; and a plurality of common
electrode wiring lines, each of which a plurality of common
electrodes are branched off from, the plurality of common
electrode wiring lines and the plurality of common elec-
trodes making up a surface portion of the thin film transistor
substrate, wherein each of the picture element electrodes and
each of the common electrodes are located in such a manner
as to be opposite to each other in an approximately planar
direction; the method comprising an opposite substrate
forming processing and a thin film transistor forming pro-
cessing,

[0045] wherein the thin film transistor substrate
forming processing includes:

[0046] a first step of forming a first conductive film
on a transparent insulation substrate and then pat-
terning the first conductive film to form simulta-
neously a plurality of lower-layer scanning lines
making up respectively a lower portion of a scanning
line serving as a gate electrode of the thin film
transistor and a plurality of lower-layer common
electrode wiring lines making up respectively a
lower portion of the common electrode wiring line;

[0047] a second step of forming a second conductive
film on the transparent insulation substrate and then
patterning the second conductive film to form simul-
taneously a plurality of upper-layer scanning lines
making up respectively an upper portion of the
scanning line and a plurality of upper-layer common
electrode wiring lines making up respectively an
upper portion of the common electrode wiring line;

[0048] a third step of forming a plurality of the
semiconductor layer regions via an inter-layer insu-
lation film on the transparent insulation substrate,
subsequently forming a third conductive film on the
semiconductor layer, and then patterning the third
conductive film to form simultaneously a plurality of
lower-layer data lines making up respectively a
lower portion of the data lines, a plurality of lower-
layer drain electrodes making up respectively a
lower portion of the drain electrode, and a plurality
of lower-layer source electrodes making up respec-
tively a lower portion of the source electrode;

[0049] a fourth step of forming a fourth conductive
film on the transparent insulation substrate and pat-
terning the fourth conductive film to form simulta-
neously a plurality of upper-layer data lines making
up respectively an upper portion of the data line, the
plurality of the picture element electrodes, a plurality
of upper-layer drain electrodes making up respec-
tively an upper portion of the drain electrode, and a
plurality of upper-layer source electrodes making up
respectively an upper portion of the source electrode;
and

[0050] a fifth step of forming a protecting insulation
film on the transparent insulation substrate, subse-
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quently forming the oriented film on protecting insu-
lation film by performing rubbing processing.

[0051] In the foregoing third aspect, a preferable mode is
one wherein the first and the second conductive films are
made of a same kind of conductive material.

[0052] Also, a preferable mode is one wherein the first,
second, third and fourth conductive films are made of a same
kind of conductive material.

[0053] With the above configuration of the first aspect or
the second aspect, while the common electrode and the
picture element electrode which make up the main portion of
a unit picture element are both made up of a thin conductive
layer, the common electrode wiring line to which the com-
mon electrode is connected and the data line (drain wiring
line) to which the picture element electrode is connected,
respectively are made up of a thick conductive layer, so that
it is possible to reduce the size of a step which occurs in such
a portion of the oriented film being formed above the
common electrode or the picture element electrode.

[0054] Furthermore, with the above configuration of the
third aspect, only by repeatedly forming a first conductive
film and a second conductive film and also using a known
photolithographic technology, it is possible to easily manu-
facture an LCD device having such a configuration as to
enable conducting rubbing processing sufficiently without
reducing the wiring line resistance of wiring lines such as the
common electrode wiring and the data line or a like which
are connected to the common electrode and the picture
element electrode respectively.

[0055] 1In addition, itis possible to reduce the size of a step
which occurs on the oriented film, to thereby achieve a high.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings, in which:

[0057] FIG. 1 is a plan view for showing a configuration
of one unit picture element making up an LCD device
according to an embodiment of the present invention;

[0058] FIG. 2 is a cross-sectional view for showing the
same unit picture element, taken along line A-A of FIG. 1;

[0059] FIG. 3 is a cross-sectional view for showing the
same unit picture element, taken along line B-B of FIG. 1,
wherein only a TFT substrate is shown;

[0060] FIGS. 4A and 4B are flow diagrams for showing
along steps a method for manufacturing the LCD device
according to the same embodiment of the present invention;

[0061] FIGS. 5A and 5B are continued flow diagrams for
showing along steps the method for manufacturing the LCD
device according to the same embodiment of the present
invention;

[0062] FIGS. 6A and 6B are continued flow diagrams for
showing along steps the method for manufacturing the LCD
device according to the same embodiment of the present
invention;

[0063] FIGS. 7A and 7B are continued flow diagrams for
showing along steps the method for manufacturing the LCD
device according to the same embodiment of the present
invention;
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[0064] FIGS. 8A and 8B are continued flow diagrams for
showing along steps the method for manufacturing the LCD
device according to the same embodiment of the present
invention;

[0065] FIG. 9 is a plan view for showing a configuration
of a conventional LCD device.

[0066] FIG. 10 is a cross-sectional view taken along line
C-C of FIG. 9;

[0067] FIG. 11 is a cross-sectional view taken along line
D-D of FIG. 9;
[0068] FIG. 12 an illustration for outlining rubbing pro-

cessing to be conducted on the conventional LCD device;

[0069] FIGS. 13A and 13B are continued flow diagrams
for showing a conventional method for manufacturing the
conventional LCD device along steps;

[0070] FIGS. 14A and 14B are continued flow diagrams
for showing the conventional method for manufacturing the
conventional LCD device along steps;

[0071] FIGS. 15A and 15B are continued flow diagrams
for showing the conventional method for manufacturing the
conventional LCD device along steps; and

[0072] FIGS. 16A and 16B are continued flow diagrams
for showing the method for manufacturing the LCD device
along steps.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0073] The best mode of carrying out the present invention
will be described in further detail using various embodi-
ments with reference to the accompanying drawings.

[0074] As shown in FIGS. 1 to 3, the LCD device of this
embodiment has liquid crystal 3 sealed hermetically
between a TFT substrate 1 and an opposite substrate 2. The
TFT substrate 1 is made up of a first transparent insulation
substrate 6 made of glass or a like, a first polarizing plate 7
formed on the outer side face of the first transparent insu-
lation substrate 6, a plurality of scanning lines (serving as
gate bus lines) 8 which is made of Cr and formed on the
inner side face of the first transparent insulation substrate 6,
a plurality of common electrodes 9 formed on the inner side
face of the first transparent insulation substrate 6, an inter-
layer insulation film 10 (serving as a gate insulation film as
well) which is made of SiO,, SiN, or a like and formed in
such a manner as to cover the scanning lines 8 and the
common electrodes 9, a plurality of semiconductor lay
regions 13 which is made of an a-Si film or a like and formed
above the scanning lines 8 via the inter-layer insulation film
10, ohmic layers 13A and 13B which are made of an n+ type
a-Si film or a like and formed at both ends of each of the
semiconductor layer regions 13, plural pairs of drain elec-
trodes 16 and source electrodes 17, each pair of which are
made of Cr and formed in such a manner as to be connected
to the ohmic layers 13A and 13B respectively, a plurality of
picture element electrodes 21 and a plurality of data lines 22
which are formed integrally with the drain electrodes 16 and
the source electrodes 17 respectively on the inter-layer
insulation film 10, a passivation film (protecting insulation
film) 25 which is made of SiO,, SiN, or a like and formed
in such a manner as to cover the picture element electrodes
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21 and the data lines 22, and a first oriented film 27 which
is made of poly-imide or a like and formed in such a manner
as to cover the picture element electrodes 21 and the data
lines 22 via the passivation film 25. Each of the picture
element electrodes 21 and each of the common electrodes 9
are located in such a manner as to be opposite to each other
in an approximately planar direction. In this construction,
the scanning line 8, the semiconductor layer region 13, the
drain electrode 16, and the source electrode 17 are combined
to make up a TFT 29. It is to be noted that such a portion of
the scanning line 8 as to be present directly below the
semiconductor layer region 13 acts as a gate electrode.
Furthermore, the data line 22 acts as a drain wiring line.
Similarly, portions of the common electrodes 9 other than
such a portion thereof as to be opposite to the picture
element electrode 21 act as a common electrode wiring line
9A.

[0075] As can be seen from FIGS. 1 to 3, the common
electrodes 9 and the picture element electrode 21 which
make up the main portion of a unit picture element of the
LCD device are made up of a Cr layer (second conductive
film) being a relatively thin film (50-100 nm). The scanning
line 8, on the other hand, is made up of a lower-layer
scanning line 8A which is made of a Cr layer (first conduc-
tive film) being a relatively thick film (200-400 nm) and an
upper-layer scanning line §B which is made of a Cr layer
(second conductive film) being a thin film (50-100 nm).
Similarly, the common electrode wiring line 9A connected to
the common electrodes 9 is formed as a stacked film made
up of a lower-layer common electrode wiring line 9a of a
thick Cr layer (first conductive film) having a range of 200
nm through 400 nm in thickness and an upper-layer common
electrode wiring line 95 of a thin Cr layer (second conduc-
tive film) having a range of 50 nm through 100 nm in
thickness. The data line 22, on the other hand, is formed as
a stacked film made up of a lower-layer data line 22A of a
thick Cr layer (first conductive film) having a range of 200
nm through 400 nm in thickness and an upper-layer data line
22B of a thin Cr layer (second conductive film) having a
range of 50 nm through 100 nm in thickness. Furthermore,
the drain electrode 16 of the TFT 29 is formed as a stacked
film made up of a lower-layer drain electrode 16A of a thick
Cr layer (first conductive film) having a range of 200 nm
through 400 nm in thickness and an upper-layer drain
electrode 16B of a thin Cr layer (second conductive film)
having a range of 50 nm through 100 nm in thickness, while
the source electrode 17 is formed as a stacked film made up
of a lower-layer source electrode 17A of a thick Cr layer
(first conductive film) having a range of 200 nm through 400
nm in thickness and an upper-layer source electrode 17B of
a thin Cr layer (second conductive film) having a range of 50
nm through 100 nm in thickness.

[0076] As described above, by using the thin second
conductive film to make up the common electrodes 9 and the
picture element electrode 21 which make up the main
portion of a unit picture element, it is possible to reduce the
size of a step formed in the first oriented film 27 when it is
formed via the passivation film (protecting insulation film)
25, thus conducting rubbing processing on the first oriented
film 27 sufficiently. By forming each of the scanning line 8,
the common electrode wiring line 9A, and the data line 22
as a stacked film having a two-layer structure of a thick first
conductive and a thin second conductive film, on the other
hand, wiring line resistance can be reduced. Furthermore, by
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similarly forming the drain electrode 16 and the source
electrode 17 of the TFT 29 as a stacked film having a
two-layer structure of the thick first conductive film and the
thin second conductive film, it becomes possible to prevent
the electrodes from being broken.

[0077] In this case, for example, to make up the scanning
line 8 of a stacked film made of the lower-layer scanning line
(thick first conductive film) 8A and the upper-layer scanning
line (thin second conductive film) 8B, as shown in FIG. 3,
preferably they are formed in such a geometry that the
lower-layer scanning line 8A may be covered by the upper-
layer scanning line 8B. To do so, the upper-layer scanning
line 8B can be formed so that the width thereof may be not
less than that of the lower-layer scanning line 8A. This is
because, as described later, these two scanning lines, the
lower-layer scanning line 8A and the upper-layer scanning
line 8B can be formed precisely in shape when they are
patterned sequentially indifferent process steps through
etchingby applying photolithography. Accordingly, the scan-
ning lines, the lower-layer scanning line 8A and the upper-
layer scanning line 8B can both be formed with less fluc-
tuations in wiring line resistance. This holds true also with
the common electrode wiring line 9A, the drain electrode 16,
the source electrode 17, and the data line 22.

[0078] Thus, when a wiring line or an electrode is formed
as a stacked film made up of the thick first conductive film
and the thin second conductive film, photolithography can
be applied effectively on a portion having a large step other
than a position where the common electrodes 9 or the picture
element electrodes 21 are formed. It is to be noted that it is
of no problem if, as shown in FIG. 2, a step occurs at such
a position on the oriented film 27 as to be present directly
above a wiring line such as the data line 22 which is formed
as a stacked film made up of the lower-layer data line (thick
film) 22A and the upper-layer data line (thin film) 22B,
because this position is covered by a plurality of black
matrix layer regions 34 of the opposite substrate 2.

[0079] The opposite substrate 2, on the other hand,
includes a second transparent insulation substrate 31 made
of glass or a like, a second polarizing plate 33 formed on the
outer side face of the second transparent insulation substrate
31 via a conductive layer 32 for preventing electrostatic-
electricity, the black matrix layer regions 34 made of Cr, Tj,
or a like, each of which is formed on the inner side face of
the second transparent insulation substrate 31, a flattening
film 36 formed in such a manner as to cover the black matrix
layer regions 34, and a second oriented film 37 which is
made of poly-imide or a like and formed on the flattening
film 36. Furthermore, an direction arrow indicates a rubbing
direction 39 in which rubbing processing is conducted on the
first oriented film 27.

[0080] The following will describe a method for manu-
facturing the L.CD device according to the present embodi-
ment along process steps with reference to FIGS. 4A and
4B, 5A and 5B, 6A and 6B, 7A, and 7B, and 8A and 8B. It
is to be noted that FIGS. 4A, 5A, 6A, 7A, and 8A show
respective cross-sectional views which correspond to a
cross-sectional view taken along line A-A of FIG. 1, while
FIGS. 4B, 5B, 6B, 7B, and 8B show respective cross-
sectional views which correspond to a cross-sectional view
taken along line B-B of FIG. 1.

[0081] First, as shown in FIGS. 4A and 4B, on the first
transparent insulation substrate 6 made of glass or the like,

Dec. 1, 2005

a thick conductive film (first conductive film) which is made
of Cr and has a film thickness of 200-400 nm is formed
throughout the surface by sputtering and then, using a
known photolithographic method, is patterned to form the
lower-layer scanning line 8A simultaneously with the lower-
layer common electrode wiring line 9a (shown in FIG. 1)
which is made of this conductive film. Next, similarly, a thin
conductive film (second conductive film) which is made of
Cr and has a film thickness of 50-100 nm is formed
throughout the surface and then, using a known photolitho-
graphic method, is patterned to form the upper-layer scan-
ning lines 8B simultaneously with the common electrodes 9
which are made of this conductive film. Now, each of the
scanning lines 8 is formed as a stacked film of the lower-
layer scanning line 8A made of the thin Cr layer (first
conductive film) and the upper-layer scanning line 8B made
of the thin Cr layer (second conductive film). As a result,
each of the scanning lines 8 has a reduced wiring line
resistance, because of a sufficiently thick film.

[0082] As described above, when patterning the thick first
conductive film to form the lower-layer scanning line 8A and
then patterning the thin second conductive film to form the
upper-layer scanning line 8B, the thin second conductive
film is patterned specifically so that the width of the upper-
layer scanning line 8B may be roughly the same as or larger
than that of the lower-layer scanning line 8A. For this
purpose, when patterning the thin second conductive film by
photolithography, the thin second conductive film can be or
etched by forming a resist mask having an area which is
larger than or roughly the same as that of a resist mask used
to pattern the lower-layer scanning line 8A, in such a manner
as to cover such a portion of the thin second conductive film
as to be present above the lower-layer scanning line 8A.

[0083] By patterning the thin second conductive film in
such a manner, it is possible to prevent the lower-layer
scanning line 8A already formed from being etched off
unduly even if the resist mask for forming the upper-layer
scanning line 8B has become misaligned with the lower-
layer scanning line 8A, thus forming the shapes of both
lower-layer scanning line 8A and the upper-layer scanning
line 8B accurately. Hereinafter, similar processing is per-
formed when the thick first conductive film is patterned to
form the a lower-layer film and then the thin second con-
ductive film is patterned to form the upper-layer film, thus
forming the wiring line or the electrode.

[0084] Next, as shown in FIGS. 5A and 5B, the inter-
layer insulation film 10 which is made of a Si0, film, a SIN
film, or a like and partially provides a gate insulation film is
formed throughout the surface by using a CVD method, on
which inter-layer insulation film 10 are sequentially formed
the semiconductor layer region 13 made of a-Si or a like and
the ohmic layers 13A and 13B made of an n+ type a-Si film
or the like at both ends of the semiconductor layer region 13.
Next, a thick conductive film (first conductive film) which is
made of Cr and has a film thickness of 200-400 nm is formed
throughout the surface by sputtering and then is patterned by
a known photolithographic method to form the lower-layer
data lines 22A, a lower-layer drain electrode 16A, and a
lower-layer source electrode 17A simultancously.

[0085] Next, as shown in FIGS. 6A and 6B, a thin
conductive film (second conductive film) which is made of
Cr and has a film thickness of 50-100 nm is formed
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throughout the surface by sputtering and then, using a
known photolithographic method, is patterned to form the
upper-layer data lines 22B simultaneously with the picture
element electrode 21, the upper-layer drain electrode 16B,
and a source electrode 17B which are made of this film.
Now, such the data lines 22 is formed that the upper-layer
data line 22B made of the thin Cr layer (second conductive
film) is stacked on the lower-layer data lines 22A made of
the Cr layer (first conductive film) being a thick film. As a
result, each of the data lines 22 has a reduced wiring line
resistance, because of a sufficiently thick film.

[0086] Furthermore, the drain electrode 16 is formed hav-
ing such a configuration that the a lower-layer drain elec-
trode 16A made of the thick Cr layer (first conductive film)
and the upper-layer drain electrode 16B made of the thin Cr
layer (second conductive film) are stacked one on the other.
Similarly, the source electrode 17 is formed having such a
configuration that the a lower-layer source electrode 17A
made of the Cr layer (first conductive film) being a thick film
and the upper-layer source electrode 17B made of the thin Cr
layer (second conductive film) are stacked one on the other.
By thus forming each of the drain electrode 16 and the
source electrode 17 as a stacked film having a two-layer
structure made of the thick first conductive film and the thin
second conductive film, it is possible to have a sufficient film
thickness as compared to the case where it 1s made up of a
one-layer structure, thus preventing the electrodes from
being broken.

[0087] Next, as shown in FIGS. 7A and 7B, the passiva-
tion film (protecting insulation film) 25 made of a SiO, film,
a SiN film, or the like is formed throughout the surface by
using a CVD method and then, the first oriented film 27
made of poly-imide or the like is formed in such a manner
as to cover the passivation film 25. Then, the rubbing

processing is conducted on the first oriented film 27 using a
rubbing roller 80 such as shown in FIG. 12.

[0088] Next, as shown in FIGS. 8A and 8B, the liquid
crystal 3 is hermetically sealed between the TFT substrate 1
and the opposite substrate 2 which is made by sequentially
forming a plurality of black matrix layer regions 34 made of
Cr, Ti, or the like, the flattening film 36, and the second
oriented film 37 made of poly-imide or the like on the inner
side face of the second transparent insulation substrate 31
made of glass or the like. Then, the first polarizing plate 7
is formed on the outer side face of the TFT substrate 1 and
the second polarizing plate 33 is formed via the conductive
layer 32 for preventing electrostatic-electricity on the outer
side of the opposite substrate 2, thus completing such the
LCD device as shown in FIGS. 1 to 3.

[0089] With the L.CD device as described above, the
common electrodes 9 and the picture element electrode 21
which make up the main portion of a unit picture element are
both made up of a Cr layer (second conductive film) being
a thin film (50-100 nm), so that when the first oriented film
27 is formed above the common electrodes 9 and the picture
element electrode 21, it is possible to decrease the size of the
step which occurs in the first oriented film 27. As a result, the
rubbing processing can be conducted on the first oriented
film 27 sufficiently because it is not interfered by the step.

[0090] Therefore, even in a case where such the LCD
device as described above is used as a monitor of medical-
care equipment, the orientation of the liquid crystal 3 can be
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improved correspondingly because the rubbing processing
can be conducted on the first oriented film 27 sufficiently, so
that it is possible to achieve a high contrast and prevent the
contrast from being decreased even on, especially, a normal-
black LCD device.

[0091] Also, with the method of manufacturing the above-
mentioned LCD device, only by repeatedly forming a thick
first conductive film and a thin second conductive film and
also using a known photolithographic technology, it is
possible to easily manufacture the LCD device having such
a configuration as to enable conducting the rubbing process-
ing sufficiently without increasing the wiring line resistance
of wiring lines such as the common electrode wiring line 9A
and the data line 22 or a like which are connected to the
common electrodes 9 and the picture element electrode 21
respectively.

[0092] As described above, with the LCD device accord-
ing to the present embodiment, while the common elec-
trodes 9 and the picture element electrode 21 which make up
the main portion of a unit picture element are both made up
of a thin conductive layer, the common electrode wiring line
9A and wiring lines such as the data line 22 which are
connected to the common electrodes 9 and the picture
element electrode 21 respectively are formed as a stacked
film made up of the thick first conductive film and the thin
second conductive film, so that it is possible to reduce the
size of the step which occurs in such a portion of the first
oriented film 27 as to be formed above the common elec-
trodes 9 or the picture element electrode 21.

[0093] Therefore, it is possible to reduce the size of the
step which occurs on the first oriented film 27, to thereby
achieve a high contrast without increasing the wiring line
resistance.

[0094] Tt is apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention.

[0095] For example, although the embodiment has been
described in an example of forming both the picture element
electrode and the common electrodes on the TFT substrate,
they may be formed on the opposite electrode not on the TFT
electrode. Furthermore, although the embodiment has been
described in an example of applying the present invention to
a LCD device, the present invention may be applied also to
a color LCD device not only to a monochromatic one.

[0096] Furthermore, although the embodiment has been
described in an example of using Cr as the conductive
material of the various electrodes and wiring lines which are
used as the same kind of conductive films, any other
conductive materials such as Al (aluminum) or Mo (molyb-
denum) other than Cr (chrome) may be used to form these
electrodes and wiring lines which are used as the same kind
of conductive films or they may be used in combination to
form them which are used as different kinds of conductive
films. Furthermore, although the embodiment has been
described in an example of using amorphous silicon as the
material of the conductive layer of the TFT which is formed
on the TFT substrate, any other semiconductor materials
such as poly-silicon may be used. Furthermore, it is not
always necessary to use a static-electricity preventing con-
ductive layer when forming the second polarizing plate on
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the opposite substrate. Furthermore, the conditions of the
film thickness values of the various electrodes and wiring
lines, the means for forming the films of the conductive
materials or insulating materials, or a like have been
described as one example and so can be modified arbitrarily
according to purposes, use, or a like.

[0097] As described above, according to the LCD device
configuration of the present invention, while the common
electrodes and the picture element electrode which make up
the main portion of the unit picture element are both made
up of a thin conductive layer, wiring lines which are con-
nected to the common electrodes and the picture element
electrode respectively are made up of a thick conductive
film, so that it is possible to reduce the size of the step which
occurs in such a portion of the oriented film as to be present
above the common electrodes or the picture element elec-
trode.

[0098] Furthermore, the method of manufacturing the
LCD device according to the present embodiment, only by
repeatedly forming the same kind of or different kinds of
conductive films and also using a known photolithographic
technology, it is possible to easily manufacture the LCD
device having such a configuration as to enable conducting
the rubbing processing sufficiently without increasing the
wiring line resistance of wiring lines which are connected to
the common electrodes and the picture element electrode
respectively.

[0099] It is thus possible to achieve a high contrast by
reducing the size of the step which occurs on the oriented
film without increasing the wiring line resistance.

1-12. (canceled)

13. A method for manufacturing a liquid crystal display
device, comprising: a thin film transistor substrate; an oppo-
site substrate being opposite to said thin film transistor
substrate, a liquid crystal material hermetically sealed
between said thin film transistor substrate and said opposite
substrate; a plurality of data lines, each of which a plurality
of picture element electrodes are connected to respectively
through a thin film transistor having a semiconductor layer
region, a drain electrode and a source electrode, said plu-
rality of data lines and said plurality of picture element
electrodes making up a surface portion of said thin film
transistor substrate, and a plurality of common electrode
wiring lines, each of which a plurality of common electrodes
are branched off from, said plurality of common electrode
wiring lines and said plurality of common electrodes making
up a surface portion of said thin film transistor substrate,
wherein each of said picture element electrodes and each of
said common electrodes are located in such a manner as to
be opposite to each other in an approximately planar direc-
tion; said method comprising an opposite substrate forming
processing and a thin film transistor forming processing,

wherein said thin film transistor substrate forming pro-
cessing comprises:
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a first step of forming a first conductive film on a
transparent insulation substrate and then patterning
said first conductive film to form simultaneously a
plurality of lower-layer scanning lines making up
respectively a lower portion of a scanning line serv-
ing as a gate electrode of said thin film transistor and
a plurality of lower-layer common electrode wiring
lines making up respectively a lower portion of said
common electrode wiring line;

a second step of forming a second conductive film on
said transparent insulation substrate and then pat-
terning said second conductive film to form simul-
taneously a plurality of upper-layer scanning lines
making up respectively an upper portion of said
scanning line and a plurality of upper-layer common
electrode wiring lines making up respectively an
upper portion of said common electrode wiring line;

a third step of forming a plurality of said semiconductor
layer regions via an inter-layer insulation film on
said transparent insulation substrate, subsequently
forming a third conductive film on said semiconduc-
tor layer, and then patterning said third conductive
film to form simultaneously a plurality of lower-
layer data lines making up respectively a lower
portion of said data lines, a plurality of lower-layer
drain electrodes making up respectively a lower
portion of said drain electrode, and a plurality of
lower-layer source electrodes making up respec-
tively a lower portion of said source electrode;

a fourth step of forming a fourth conductive film on
said transparent insulation substrate and patterning
said fourth conductive film to form simultaneously a
plurality of upper-layer data lines making up respec-
tively an upper portion of said data line, said plural-
ity of said picture element electrodes, a plurality of
upper-layer drain electrodes making up respectively
an upper portion of said drain electrode, and a
plurality of upper-layer source electrodes making up
respectively an upper portion of said source elec-
trode; and

a fifth step of forming a protecting insulation film on
said transparent insulation substrate, subsequently
forming said oriented film on protecting insulation
film by performing rubbing processing.

14. The liquid crystal display device according to claim
13, wherein said first and said second conductive films are
made of a same kind of conductive material.

15. The method according to claim 13, wherein said first,
second, third and fourth conductive films are made of a same
kind of conductive material.



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

KRN

H b2 FF SRR
S\EReERE

BWE(R)

HEFTRHAILCDRES |

patsnap

REETEREREHES

US20050264742A1 ANz 2005-12-01
US11/193323 Fi5 A 2005-08-01
NECR BB AKX 24t
NECKR S EARBRAF.

GOLD CHARM LIMITED

ASAI TAKUYA
KUROHA SYOUICHI
SASAKI TAKESHI

ASAI, TAKUYA
KUROHA, SYOUICHI
SASAKI, TAKESHI

GO02F1/1337 G02F1/1343 G02F1/1345 G02F1/1368 H01L21/3205 HO1L29/786 GO2F1/136
GO02F1/134363

2002024864 2002-01-31 JP

US7518667

Espacenet USPTO

94 ;common electrode wiring line

- - — TN -99B:upper-layer {9& i]&z;;lﬁgzr common electrode
HRLCDE BN S TRENTEBHNARE oo [440 BTG

9b;upper-layer common electrode

BAGEBRIE - ECEHROESREMR , MALBRHELS Qﬁheﬁ?ﬁx%?’/ﬁfﬂgg
BIEEBI AL BRAGEERNBRL SR N ME — S B (ECr  wiring ling) Y3 L]
B ) S-S aM (HCE ) MRNBEM, KR E G H M =N IE 22spicture cloment

MAHBRALHNBIELENHFENEEE , MR EERLERE.

N electrode

-9 icommon electrode

A A
29, TFT
N 8A lower-layer
scanning line
§ 8:scanning
X Iine
\i8B;upper-la yer

"B scanning line
17:source electrode
16:drain electrode


https://share-analytics.zhihuiya.com/view/a328c79a-6256-4c70-8c35-f0a552debed1
https://worldwide.espacenet.com/patent/search/family/027606468/publication/US2005264742A1?q=US2005264742A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050264742%22.PGNR.&OS=DN/20050264742&RS=DN/20050264742

