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(57) ABSTRACT

The invention relates to a substrate for a liquid crystal display
device, aliquid crystal display device provided with the same,
and a manufacturing method of the same, and provides a
substrate for a liquid crystal display device in which a manu-
facture process can be cut down and manufacturing cost is
reduced, a liquid crystal display device provided with the
same, and a manufacturing method ofthe same. The substrate
for the liquid crystal display device includes a pixel electrode
formed in each of pixel regions, a plurality of gate bus lines
which are formed on a base substrate in parallel with each
other and in each of which a plurality of formation materials
are laminated and at least a lower layer part is formed of a
same formation material as the pixel electrode, a plurality of
drain bus lines intersecting with the plurality of gate bus lines
through an insulating film and formed to be in parallel with
each other, and a thin film transistor formed in each of the
pixel regions and including a gate electrode connected to the
gate bus line, a drain electrode connected to the drain bus line,
and a source electrode connected to the pixel electrode.
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SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE PROVIDED WITH THE
SAME, AND MANUFACTURING METHOD OF
THE SAME

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 12/109,053, filed Apr. 24, 2008, which is a
Divisional of U.S. application Ser. No. 10/393,436, filed Mar.
20, 2003. now U.S. Pat. No. 7,382,420.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a substrate for a
liquid crystal display device used for a display portion of a
notebook-size personal computer, a wall-mounted television
or the like, a liquid crystal display device provided with the
same, and a manufacturing method of the same.

[0004] 2. Description of the Related Art

[0005] Inrecent years, the market scale of an active matrix
type color liquid crystal display device in which each pixel is
provided with a thin film transistor (TFT) as a switching
element, has been greatly expanded, and the production quan-
tity has been rapidly increased. On the other hand, as the
market scale of the liquid crystal display device is expanded
and the production quantity is increased, the product unit
price tends to lower. Thus, it is desired to provide a more
efficient manufacturing process and to reduce the manufac-
ture cost.

[0006] Here, a conventional manufacturing method of a
TFT substrate in which TFTs are formed will be described.
FIGS. 32A to 32F are process sectional views showing the
conventional manufacturing method of the TFT substrate. In
FIGS. 32A to 32F, left parts show sections in the vicinity of a
TFT, and right parts show sections in the vicinity of a storage
capacitor. First, a chromium (Cr) film having a thickness of
150 nm is formed on the whole surface of a transparent glass
substrate 110, and pattering is carried out using a first photo-
mask, so that a gate electrode 112 and a storage capacitor bus
line 114 are formed. Next, a silicon nitride film (SiN film)
which becomes an insulating film (gate insulating film) 116
and has a thickness of 400 nm, an amorphous silicon (a-Si)
layer 118 having a thickness of 15 nm, and a SiN film 120
having a thickness of 120 nm are continuously formed on the
whole surface of the gate electrode 112 and the storage
capacitor bus line 114 by using a plasma CVD apparatus (see
FIG. 32A).

[0007] Next, a resist is coated on the whole surface of the
substrate, and back exposure is carried out from the back
surface side (the lower part in the drawing) of the glass sub-
strate 110 while the gate electrode 112 is used as a mask, and
further, exposure using a second photomask is carried out, so
that a resist pattern (not shown) is formed on the gate elec-
trode 112 in a self-aligning manner. Next, etching is carried
out while the obtained resist pattern is used as an etching
mask, so that a channel protection film 122 is formed on the
gate electrode 112 as shown in FIG. 32B.

[0008] Next, as shown in FIG. 32C, an n*a-Si layer 124
having a thickness of 30 nm is formed on the whole surface of
the channel protection film 122 by using a plasma CVD
apparatus. Next, as shown in FIG. 32D, a titanium (Ti) layer
having a thickness of 20 nm, an aluminum (Al) layer having
a thickness of 50 nm, and a Ti layer having a thickness of 80
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nm are formed on the whole surface of the n*a-Si layer 124 in
this order by a PVD method using a sputtering apparatus, so
that a drain metal layer 126 is formed.

[0009] Next, the drain metal layer 126, the n*a-Si layer 124
and the a-Si layer 118 are patterned using a third photomask,
so that a drain bus line (not shown), a drain electrode 130, a
source electrode 132, a storage capacitor electrode 128 and an
active semiconductor layer 134 are formed as shown in FIG.
32E. In an etching treatment in the patterning, the channel
protection film 122 functions as an etching stopper, and the
a-Si layer 118 (active semiconductor layer 134) as a lower
layer thereof is not etched but remains.

[0010] Next, as shown in FIG. 32F, a SiN film having a
thickness of 300 nm is formed on the whole surface by using
a plasma CVD apparatus, so that a protection film 136 is
formed. Next, a fourth photomask is used to pattern the pro-
tection film 136, so that a contact hole 138 on the source
electrode 132 and a contact hole 140 on the storage capacitor
electrode 128 are formed. Next, an ITO (Indium Tin Oxide)
layer having a thickness of 70 nm is formed on the whole
surface, and a fifth photomask is used to carry out patterning,
so that a pixel electrode 142 is formed. The TFT substrate is
completed through the above process.

[0011] Incidentally, there are references as follows: patent
document 1: JP-A-S63-77150, patent document 2: JP-A-S63-
102367, patent document 3: JP-A-S64-31457, and patent
document 4: JP-A-2001-250953.

[0012] As stated above, the TFT substrate is manufactured
by repeating a photolithography process composed of a
sequential semiconductor process of [film formation—resist
coating—exposure—development—>etching—resist  peel-
ing| at least four times or five times or more. The photoli-
thography process has a long procedure, and a CVD appara-
tus used for the film formation and an exposure apparatus
used for the exposure are expensive, and therefore, there
arises a problem that it becomes a rate-determining process in
a production line. In order to efficiently increase the produc-
tion quantity of the TFT substrate on investment, it is neces-
sary that the number of times the photolithography process is
repeated is decreased, so that the number of all processes is
compressed and the process requiring the expensive appara-
tus, such as the CVD apparatus and the exposure apparatus,
does not become a rate-determining process.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide a
substrate for a liquid crystal display device in which a manu-
facture process can be cut down and manufacturing cost is
reduced, a liquid crystal display device provided with the
same, and a manufacturing method of the same.

[0014] The above object is achieved by a substrate for a
liquid crystal display device, characterized by comprising
pixel regions arranged in a matrix form on a base substrate, a
pixel electrode formed in each of the pixel regions, a plurality
of gate bus lines which are formed on the substrate in parallel
with each other and in each of which a plurality of formation
materials are laminated and at least a lower layer part is
formed of a same formation material as the pixel electrodes,
a plurality of drain bus lines intersecting with the plurality of
gate bus lines through an insulating film and formed to be in
parallel with each other, and a thin film transistor formed in
each of the pixel regions and including a gate electrode con-
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nected to the gate bus line, a drain electrode connected to the
drain bus line, and a source electrode connected to the pixel
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1is a view showing a schematic structure of a
liquid crystal display device according to an embodiment of
the invention;

[0016] FIG. 2 is a view showing a schematic structure of
one pixel of a substrate for a liquid crystal display device
according to the embodiment of the invention;

[0017] FIG. 3 is a sectional view showing a structure of the
liquid crystal display device taken along line A-A of FIG. 2;
[0018] FIG. 4 is a sectional view showing a structure of the
liquid crystal display device taken along line D-D of FIG. 2;
[0019] FIG. 5 is a view showing a structure of a drain bus
line terminal of the substrate for the liquid crystal display
device according to the embodiment of the invention;

[0020] FIG. 6 is a sectional view showing a structure of the
liquid crystal display device taken along line B-B of FIG. 5;
[0021] FIG.7is aview showing a structure of a gate bus line
terminal of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0022] FIG. 8 is a sectional view showing a structure of the
liquid crystal display device taken along line C-C of FIG. 7,
[0023] FIGS.9A to 9E are process sectional views showing
a manufacturing method of the substrate for the liquid crystal
display device according to the embodiment of the invention;
[0024] FIGS.10A to 10E are process sectional views show-
ing the manufacturing method of the substrate for the liquid
crystal display device according to the embodiment of the
invention;

[0025] FIGS.11Ato 11E are process sectional views show-
ing the manufacturing method of the substrate for the liquid
crystal display device according to the embodiment of the
invention;

[0026] FIG. 12 is a view showing the manufacturing
method of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0027] FIG. 13 is a view showing the manufacturing
method of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0028] FIG. 14 is a view showing the manufacturing
method of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0029] FIGS. 15A to 15D are process sectional views
showing the manufacturing method of the substrate for the
liquid crystal display device according to the embodiment of
the invention;

[0030] FIGS. 16A to 16D are process sectional views
showing the manufacturing method of the substrate for the
liquid crystal display device according to the embodiment of
the invention;

[0031] FIGS. 17A to 17D are process sectional views
showing the manufacturing method of the substrate for the
liquid crystal display device according to the embodiment of
the invention;

[0032] FIGS. 18A to 18D are process sectional views
showing the manufacturing method of the substrate for the
liquid crystal display device according to the embodiment of
the invention;
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[0033] FIGS. 19A to 19D are process sectional views
showing the manufacturing method of the substrate for the
liquid crystal display device according to the embodiment of
the invention;

[0034] FIGS. 20A to 20D are process sectional views
showing the manufacturing method of the substrate for the
liquid crystal display device according to the embodiment of
the invention;

[0035] FIG. 21 is a view showing the manufacturing
method of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0036] FIG. 22 is a view showing the manufacturing
method of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0037] FIG. 23 is a view showing the manufacturing
method of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0038] FIG. 24 is a view showing a first modified example
of'the substrate for the liquid crystal display device according
to the embodiment of the invention;

[0039] FIG. 25 is a view showing a second modified
example of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0040] FIG. 26 is a view showing a third modified example
of'the substrate for the liquid crystal display device according
to the embodiment of the invention;

[0041] FIG. 27 is a view showing the third modified
example of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0042] FIG. 28 is a view showing the third modified
example of the substrate for the liquid crystal display device
according to the embodiment of the invention;

[0043] FIGS.29A to 29C are process sectional views show-
ing a manufacturing method of the third modified example of
the substrate for the liquid crystal display device according to
the embodiment of the invention;

[0044] FIGS.30A to 30C are process sectional views show-
ing the manufacturing method of the third modified example
of'the substrate for the liquid crystal display device according
to the embodiment of the invention;

[0045] FIGS.31Ato 31C are process sectional views show-
ing the manufacturing method of the third modified example
ofthe substrate for the liquid crystal display device according
to the embodiment of the invention; and

[0046] FIGS.32A to 32F are process sectional views show-
ing a manufacturing method of a conventional substrate for a
liquid crystal display device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0047] A substrate for a liquid crystal display device
according to an embodiment of the invention, a liquid crystal
display device provided with the same, and a manufacturing
method of the same will be described with reference to FIGS.
1 to 31C. FIG. 1 shows a schematic structure of a liquid
crystal display device according to this embodiment. The
liquid crystal display device has such a structure that a TFT
substrate (base substrate) 2 on which TFTs and the like are
formed is made to be opposite to and is bonded to a CF
substrate 4 on which CFs and the like are formed, and a liquid
crystal is sealed between both the substrates 2 and 4. Gate bus
lines and storage capacitor bus lines, and drain bus lines are
formed on the TFT substrate 2 to intersect each other through
an insulating film.
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[0048] The TFT substrate 2 is provided with a gate bus line
driving circuit 80 in which a driver IC for driving the plurality
of'gate bus lines is mounted and a drain bus line driving circuit
81 in which a driver IC for driving the plurality of drain bus
lines is mounted. These driving circuits 80 and 81 output a
scanning signal and a data signal to a predetermined gate bus
line and a drain bus line on the basis of a predetermined signal
outputted from a control circuit 82. A polarizing plate 83 is
disposed on a substrate surface of the TFT substrate 2 oppo-
site to an element formation surface, and a back light unit 85
is attached to a reverse surface of the polarizing plate 83 with
respect to the TFT substrate 2. On the other hand, a polarizing
plate 84 disposed in crossed Nicols with respect to the polar-
izing plate 83 is bonded to a surface of the CF substrate 4
opposite to a CF formation surface.

[0049] FIG. 2 shows a schematic structure of one pixel of
the TFT substrate 2 of the liquid crystal display device
according to this embodiment. FIG. 3 is a sectional view of
the liquid crystal display device taken along line A-A of FIG.
2. As shown in FIGS. 2 and 3, the TFT substrate 2 include a
pixel electrode 16 made of, for example, ITO in each of pixel
regions disposed in a matrix form on a transparent glass
substrate 10. A plurality of gate bus lines 12 extending in the
horizontal direction in FIG. 2 are formed substantially in
parallel with each other (FIG. 2 shows only one line). The gate
bus line 12 is formed such that the same formation material as
the pixel electrode 16 and, for example, molybdenum nitride
(MoN), Al, MoN, molybdenum (Mo) are laminated in this
order.

[0050] Besides, a plurality of storage capacitor bus lines 18
are formed substantially in parallel with each other and sub-
stantially in parallel with the gate bus lines 12 across the pixel
electrode 16 (FIG. 2 shows only one line). The storage capaci-
tor bus line 18 is formed of the same material as the gate bus
line 12.

[0051] A plurality of drain bus lines 14 extending in the
vertical direction in FIG. 2 are formed in parallel with each
other to intersect with the gate bus lines 12 through an insu-
lating film (FIG. 2 shows only one line). The drain bus line 14
is formed such that, for example, MoN, Al, MoN and Mo are
laminated in this order.

[0052] A TFT 20 is formed in each pixel region in the
vicinity of an intersecting position of the gate bus line 12 and
the drain bus line 14. The TFT 20 includes a gate electrode 13
led out from the gate bus line 12. An insulating film (gate
insulating film) 22 is selectively formed on the gate electrode
13. An active semiconductor layer 24 and an ohmic contact
layer 26 are formed in this order on the insulating film 22. A
drain electrode 28 led out from the drain bus line 14 and a
source electrode 30 electrically connected to the pixel elec-
trode 16 are formed on the ohmic contact layer 26. The drain
electrode 28 and the ohmic contact layer 26 as the lower layer
thereofare electrically separated from the source electrode 30
and the ohmic contact layer 26 as the lower layer thereof by
channel etching.

[0053] FIG. 4 is a sectional view of the vicinity of the TFT
20 of the TFT substrate 2 taken along line D-D of FIG. 2. As
shown in FIG. 4, the gate electrode 13 is connected to the gate
bus line 12 only through a transparent electrode layer 44 made
of the same formation material as the pixel electrode 16.
Besides, the active semiconductor layer 24 is separated from
an a-Si layer 24' on the gate bus line 12 so as to be separated
for each of the TFTs 20.
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[0054] Besides, the TFT substrate 2 includes a storage
capacitor 34 in each pixel. The storage capacitor 34 includes
a storage capacitor branch wiring line 19 led out from the
storage capacitor bus line 18 through a transparent electrode
layer, an insulating film 22 selectively formed on the storage
capacitor branch wiring line 19, an a-Si layer 24', an n*a-Si
layer 26', and a storage capacitor electrode 32 electrically
connected to the pixel electrode 16 and formed of the same
material as the drain bus line 14. Although not shown, in a part
below the storage capacitor bus line 18 in FIG. 2, the gate bus
line 12 for driving a lower pixel is formed to be adjacent to and
a predetermined distance away from it.

[0055] The CF substrate 4 disposed to be opposite to the
TFT substrate 2 includes a light shielding film (BM) 36 on a
glass substrate 11, for shading a region other than a pixel
region. Besides, a CF 38 of one color of red (R), green (G) and
blue (B) is formed on the BM 36 and its opening.

[0056] A liquid crystal layer 6 is sealed between the TFT
substrate 2 and the CF substrate 4. Respective liquid crystal
molecules 7 are aligned, for example, almost vertically to the
substrate surface in a state where a voltage is not applied.
[0057] FIG. S showsastructurein the vicinity ofa drain bus
line terminal of the substrate for the liquid crystal display
device according to this embodiment. FIG. 6 is a sectional
view showing a structure of the substrate for the liquid crystal
display device taken along line B-B of FIG. 5. As shown in
FIGS. 5 and 6, a drain bus line terminal 40 is formed at one
end of the drain bus line 14. The drain bus line terminal 40 and
the drain bus line 14 are electrically connected to each other
at a changeover region 50. The drain bus line terminal 40
includes an outer frame part 46 formed at the periphery to
make the existence of the drain bus line terminal 40 clear and
an opening 43 used for electrical connection to the outside.
The outer frame part 46 is formed such that a metal layer 48
made of the same formation material as an upper layer part of
the gate bus line 12, the insulating film 22 and the a-Si layer
24' are laminated. The opening 43 is formed of only a trans-
parent electrode layer 44 made of the same formation mate-
rial as the pixel electrode 16. Incidentally, when the
changeover region 50 is disposed inside a seal agent coated
region where a seal agent is coated in a subsequent step, the
insulating film 22 is formed on substantially the whole metal
wiring line (metal layer 48) in the seal agent coated region and
a region (region not coming in contact with the liquid crystal
layer 6) outside the seal agent coated region and exposed after
completion of a liquid crystal display panel. Thus, passivation
of the metal wiring line is possible.

[0058] FIG. 7 shows a structure in the vicinity of a gate bus
line terminal of the substrate for the liquid crystal display
device according to this embodiment. FIG. 8 is a sectional
view showing a structure of the substrate for the liquid crystal
display device taken along line C-C of FIG. 7. As shown in
FIGS. 7 and 8, a gate bus line terminal 42 is formed at one end
of'the gate bus line 12. The gate bus line terminal 42 includes
an outer frame part 47 formed at the periphery to make the
existence of the gate bus line terminal 42 clear, and an open-
ing 45 used for electrical connection with the outside. Simi-
larly to the outer frame part 46, the outer frame part 47 is
formed such that the metal layer 48 made of the same forma-
tion material as the upper layer part of the gate bus line 12, the
insulating film 22 and the a-Si layer 24' are laminated. The
opening 45 is formed of only the transparent electrode layer
44 made of the same formation material as the pixel electrode
16 and the lower layer part of the gate bus line 12.
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[0059] Next, a manufacturing method of the substrate for
the liquid crystal display device according to this embodi-
ment will be described with reference to FIGS. 9A to 23.
FIGS. 9A to 9E, FIGS. 15A to 15D and FIGS. 18A to 18D
correspond to FIG. 3 and are process sectional views of the
substrate for the liquid crystal display device taken along the
line A-A of FIG. 2. FIGS. 10A to 10E, FIGS. 16A to 16D and
FIGS. 19A to 19D correspond to FIG. 6 and are process
sectional views of the substrate for the liquid crystal display
device taken along the line B-B of FIG. 5. Besides, FIGS. 11A
to 11E, FIGS. 17A to 17D and FIGS. 20A to 20D correspond
to FIG. 8 and are process sectional views of the substrate for
the liquid crystal display device taken along line C-C of FIG.
7. FIGS. 12 and 21 correspond to FIG. 2 and are views for
explaining the process, and FIGS. 13 and 22 correspond to
FIG. 5 and are views for explaining the process. Besides,
FIGS. 14 and 23 correspond to FIG. 7 and are views for
explaining the process.

[0060] First, as shown in FIGS. 9A, 10A and 11A, for
example, an ITO layer having a thickness of 70 nm, an MoN
layer having a thickness of 50 nm, an Al layer having a
thickness of 150 nm, an MoN layer having a thickness of 90
nm and an Mo layer having a thickness of 10 nm are continu-
ously formed in this order on the whole surface of the glass
substrate 10, so that the transparent electrode layer 44 and the
metal layer 48 are formed.

[0061] Next, a resist is coated on the whole surface of the
substrate, exposure is carried out with a first photomask, and
development is carried out, so that a resist pattern 52 as shown
in FIGS. 9B, 10B and 11B is formed. The resist pattern 52 is
formed on the respective formation regions of the gate bus
line 12, the gate electrode 13, the storage capacitor bus line
18, the storage capacitor branch wiring line 19, the pixel
electrode 16, the drain bus line terminal 40 and the gate bus
line terminal 42.

[0062] Next, asshowninFIGS.9C,10C and 11C, while the
resist pattern 52 is used as an etching mask, the metal layer 48
is etched. Next, as shown in FIGS. 9D, 10D and 11D, while
the resist pattern 52 is again used as the etching mask, the
transparent electrode layer 44 is etched.

[0063] Next, as shown in FIGS. 9E, 10E, 11E, 12 to 14, the
resist pattern 52 is peeled off. By this, the gate bus line 12, the
gate electrode 13, the storage capacitor bus line 18 and the
storage capacitor branch wiring line 19 are formed. Inciden-
tally, in this embodiment, although the metal layer 48 and the
transparent electrode layer 44 are etched in the separate steps,
the metal layer 48 and the transparent electrode layer 44 may
be etched at the same time while the resist pattern 52 is used
as the etching mask. Besides, in this embodiment, although
the transparent electrode layer 44 is etched while the resist
pattern 52 is used as the etching mask, the resist pattern 52
may be peeled off before the transparent electrode layer 44 is
etched, and the transparent electrode layer 44 may be etched
while the metal layer 48 is used as the etching mask.

[0064] Next, as shown in FIGS. 15A, 16A and 17A, for
example, the insulating film 22 made of an SiN film having a
thickness of 400 nm, the a-Si layer 24' having a thickness of
50 nm and the n*a-Si layer 26' having a thickness of 50 nm are
continuously formed on the whole surface of the substrate.
[0065] Next, a resist is coated on the whole surface of the
substrate, exposure is carried out with a second photomask,
and development is carried out, so that a resist pattern 53 as
shown in FIGS. 15B, 16B and 17B is formed. The resist
pattern 53 is formed in the respective formation regions of the
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gate bus line 12, the gate electrode 13, the storage capacitor
bus line 18, the storage capacitor branch wiring line 19, the
outer frame part 46 of the drain bus line terminal 40 and the
outer frame part 47 of the gate bus line terminal 42 and their
peripheries. Although not shown, in the resist pattern 53, the
formation region of the gate bus line 12 and the formation
region of the gate electrode 13 are separated from each other
to have a predetermined interval. Besides, in the resist pattern
53, the formation region of the storage capacitor bus line 18
and the formation region of the storage capacitor branch
wiring line 19 are separated from each other to have a prede-
termined interval.

[0066] Next, as shown in FIGS. 15C, 16C and 17C, while
the resist pattern 53 is used as an etching mask, the n*a-Si
layer 26', the a-Si layer 24' and the insulating film 22 are
etched at the same time. By this, the active semiconductor
layer 24 separated for each pixel and the n*a-Si layer 26' over
the storage capacitor branch wiring line 19 are formed, and
the metal layer 48 in the pixel region, the formation region of
the drain bus line terminal 40 and the formation region of the
gate bus line terminal 42 is exposed. Subsequently, the
exposed metal layer 48 is removed by etching (see FIGS.
151D, 16D and 17D). By this, the pixel electrode 16, the
opening 43 of the drain bus line terminal 40 and the opening
45 of the gate bus line terminal 42 are formed.

[0067] Next, as shown in FIGS. 18A, 19A and 20A, the
resist pattern 53 is peeled off. At this time, as shown in FIG.
21, the pixel electrode 16 is formed in the pixel region.
Besides, as shown in FIG. 22, the drain bus line terminal 40 is
formed of the transparent electrode layer 44 at the one end of
the drain bus line 14 formed in a subsequent step. The metal
layer 48 made of the same formation material as the upper
layer part of the gate bus line 12, the insulating film 22, the
a-Si layer 24' and the n*a-Si layer 26' are laminated in this
order in the outer frame of the drain bus line terminal 40.
Further, as shown in FIG. 23, the gate bus line terminal 42 is
formed of the transparent electrode layer 44 at the one end of
the gate bus line 12. The metal layer 48 made of the same
formation material as the upper layer part of the gate bus line
12, the insulating film 22, the a-Si layer 24' and the n*a-Si
layer 26' are laminated in this order in the outer frame of the
gate bus line terminal 42. Next, as shown in FIGS. 18B, 19B
and 20B, for example, an MoN layer having a thickness of 50
nm, an Al layer having a thickness of 150 nm, an MoN layer
having a thickness of 90 nm and an Mo layer having a thick-
ness of 10 nm are formed in this order to form a metal layer
54.

[0068] Next, a resist is coated on the whole surface of the
substrate, exposure is carried out with a third photomask, and
development is carried out, so that a resist pattern 55 as shown
in FIGS. 18C, 19C and 20C is formed. The resist pattern 55 is
formed in the formation regions of the drain bus line 14, the
drain electrode 28, the source electrode 30 and the storage
capacitor electrode 32.

[0069] Next, as shown in FIGS. 18D, 19D and 20D, while
the resist pattern 55 is used as an etching mask, the metal layer
54 and the n*a-Si layer 26' are etched at the same time. By
this, the drain bus line 14, the drain electrode 28, the source
electrode 30 and the storage capacitor electrode 32 are
formed. Besides, the outer frame part 46 of the drain bus line
terminal 40 and the outer frame part 47 of the gate bus line
terminal 42 are formed. In this etching, since the metal layer
54 and the n*a-Si layer 26' are certainly separated at a portion
just above the gate electrode 13 to form the drain electrode 28
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and the source electrode 30, the surface of the active semi-
conductor layer 24 is also etched. By peeling off the resist
pattern 55, the substrate for the liquid crystal display device
according to this embodiment is completed.

[0070] According to this embodiment, since the number of
times the photolithography process is repeated, which is con-
ventionally repeated at least four times or five times or more,
is decreased to three, the procedure is greatly shortened. By
this, the production quantity of the liquid crystal display
device can be increased and the manufacturing cost is
reduced.

[0071] Besides, since the number of times the photolithog-
raphy process is repeated is decreased, product defects due to
faults or the like occurring in each process are decreased.
[0072] Next, a first modified example of the substrate for
the liquid crystal display device according to this embodi-
ment will be described. In the liquid crystal display device
provided with the channel etch type TFT 20 as in this embodi-
ment, when a relative patterning shift occurs between the gate
electrode 13, the drain electrode 28 and the source electrode
30 atthe time of division exposure, a value of parasitic capaci-
tance Cgs varies in each division exposure region, and there is
a fear that the display quality of the liquid crystal display
device deteriorates.

[0073] FIG. 24 shows a schematic structure of one pixel of
a TFT substrate 2 according to this modified example. As
shown inFIG. 24, a TFT 20 includes an intersecting region 60
in which a gate electrode 13 and a drain electrode 28 intersect
with each other crosswise through an active semiconductor
layer 24. Similarly, the TFT 20 includes an intersecting region
61 in which the gate electrode 13 and a source electrode 30
intersect with each other crosswise through the active semi-
conductor layer 24.

[0074] In this modified example, even if a relative pattern
shift occurs between the gate electrode 13, the drain electrode
28 and the source electrode 30, the area of each of the inter-
secting regions 60 and 61 do not vary. Accordingly, the value
of the parasitic capacitance Cgs does not vary for each divi-
sion exposure region, and deterioration of the display quality
of the liquid crystal display device can be suppressed.
[0075] Next, asecond modified example of the substrate for
the liquid crystal display device according to this embodi-
ment will be described. As already described, in the TFT
substrate 2 shown in FIG. 2, the storage capacitor bus line 18
is formed to be a predetermined distance away from and
adjacent to the gate bus line 12. Thus, there is a fear that a
short circuit occurs between the storage capacitor bus line 18
and the gate bus line 12, and product defects are produced.
[0076] FIG. 25 shows a schematic structure of one pixel of
a TFT substrate 2 according to this modified example. As
shown in FIG. 25, the TFT substrate 2 does not include the
storage capacitor bus line 18, but includes a storage capacitor
branch wiring line 19 led out from a gate bus line 12 in the
lower part of the drawing (Cs-on-Gate structure). According
to this modified example, a short circuit does not occur
between the storage capacitor bus line 18 and the gate bus line
12, and product defects are not produced.

[0077] Next, a third modified example of the substrate for
the liquid crystal display device according to this embodi-
ment will be described. FIGS. 26 to 28 show sectional struc-
tures of a substrate for a liquid crystal display device accord-
ing to this modified example. FIG. 26 corresponds to the TFT
substrate 2 shown in FIG. 3 and shows the sectional structure
ofaTFT 20, a storage capacitor 34 and a pixel region. FIG. 27
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corresponds to FIG. 6 and shows the sectional structure of a
drain bus line terminal 40. FIG. 28 corresponds to FIG. 8 and
shows the sectional structure ofa gate bus line terminal 42. As
shown in FIGS. 26 to 28, in the TFT substrate 2 of this
modified example, a protection film 90 is formed over the
TFT 20, the storage capacitor 34, the drain bus line 14, both
the bus line terminals 40 and 42, and the like. The protection
film 90 is formed to cover at least a channel region of the TFT
20 exposed by channel etching. Besides, holes are opened in
the protection film 90 at the pixel region (on the pixel elec-
trode 16), at the opening 43 of the drain bus line terminal 40,
and at the opening 45 of the gate bus line terminal 42.
[0078] Next, a manufacturing method of the substrate for
the liquid crystal display device according to this modified
example will be described. Incidentally, a process up to the
formation of the drain bus line 14, the drain electrode 28, the
source electrode 30 and the storage capacitor electrode 32 is
the same as the manufacturing method of the liquid crystal
display device according to this embodiment shown in FIGS.
9A to 23, the illustration and the description will be omitted.
FIGS. 29A to 31C are process sectional views showing the
manufacturing method of the substrate for the liquid crystal
display device according to this modified example. FIGS.
29A to 29C correspond to FIG. 26, FIGS. 30A to 30C corre-
spond to FIG. 27 and FIGS. 31A to 31C correspond to FIG.
28. As shown in FIGS. 29A, 30A and 31A, for example, an
SiN film having a thickness of 350 nm is formed on the drain
bus line 14, the drain electrode 28, the source electrode 30 and
the storage capacitor electrode 32 and on the whole surface of
the substrate, so that the protection film 90 is formed.
[0079] Next, a resist is coated on the whole surface of the
substrate, exposure is carried out with a fourth photomask,
and development is carried out, so that a resist pattern 92 as
shown in FIGS. 29B, 30B and 31B is formed. The resist
pattern 92 is formed in regions except for, for example, the
pixel region, the opening 43 of the drain bus line terminal 40
and the opening 45 of the gate bus line terminal 42.

[0080] Next, while the resist pattern 92 is used as an etching
mask, the protection film 90 is etched. By this, as shown in
FIG. 29C, the protection film 90 in the pixel region is removed
by etching, and the pixel electrode 16 is exposed. Besides, as
shown in FIG. 30C, the protection film 90 at the opening 43 of
the drain bus line terminal 40 is removed by etching and the
transparent electrode layer 44 is exposed. Further, as shown in
FIG. 310, the protection film 90 at the opening 45 of the gate
bus line terminal 42 is removed by etching, and the transpar-
ent electrode layer 44 is exposed. Thereafter, by peeling off
the resist pattern 92, the substrate for the liquid crystal display
device according to this modified example shown in FIGS. 26
to 28 is completed.

[0081] In this modified example, although the number of
times the photolithography process is repeated is four, the
protection film 90 is formed on the channel region of the TFT
20 exposed by the channel etching. Thus, the TFT substrate 2
more stable in characteristics can be obtained.

[0082] In the invention, various modifications are possible
in addition to the above embodiment.

[0083] For example, in the above embodiment, although
the transmission type liquid crystal display device has been
exemplified, the invention is not limited to this, but can be
applied to a reflection type liquid crystal display device. Inthe
reflection type liquid crystal display device, a pixel electrode
is formed of the same formation material (for example, an Al
layer having a thickness of 150 nm, a Cr layer having a
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thickness of 150 nm, a laminate layer of a Cr layer having a
thickness of 50 nm and an Al layer having a thickness of 150
nm, etc.) as the gate bus line 12.

[0084] As described above, according to the invention, it is
possible to realize the substrate for the liquid crystal display
device in which the manufacturing process can be cut down
and the manufacturing cost is reduced, and the liquid crystal
display device provided with the same.

What is claimed is:

1. A substrate for a liquid crystal display device, compris-
ing:

pixel regions arranged in a matrix form on a base substrate;

a pixel electrode formed in each of the pixel regions;

a plurality of gate bus lines formed on the base substrate in
parallel with each other and in each of which plural
formation materials are laminated and at least a lower
layer part is formed of a same formation material as the
pixel electrode;

a plurality of drain bus lines intersecting with the gate bus
lines through an insulating film and formed to be in
parallel with each other;

athin film transistor formed in each of the pixel regions and
including a gate electrode connected to the gate bus line,
a drain electrode connected to the drain bus line and a
source electrode connected to the pixel electrode;

a protection film formed on the thin film transistor;

aplurality of gate bus line terminals respectively connected
to the plurality of gate bus lines; and

a plurality of drain bus line terminals respectively con-
nected to the plurality of drain bus lines;

wherein holes are opened in the protection film at least at
parts of the gate bus line terminals and at least at parts of
the drain bus line terminals.

2. A substrate for a liquid crystal display device according
to claim 1, wherein holes are opened in the protection film at
the pixel regions.

3. A substrate for a liquid crystal display device, compris-
ing:

pixel regions arranged in a matrix form on a base substrate;

a pixel electrode formed in each of the pixel regions;

a plurality of gate bus lines formed on the base substrate in
parallel with each other and in each of which plural
formation materials are laminated and at least a lower
layer part is formed of a same formation material as the
pixel electrode;

a plurality of drain bus lines intersecting with the gate bus
lines through an insulating film and formed to be in
parallel with each other; and

athin film transistor formed in each of the pixel regions and
including a gate electrode connected to the gate bus line,
a drain electrode connected to the drain bus line and a
source electrode connected to the pixel electrode;

wherein each of the drain bus lines includes a changeover
region electrically connected to a layer made of the same
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formation material as the gate bus line through a layer
made of the same formation material as the pixel elec-
trode;

wherein the insulating film is formed on substantially the
whole metal wiring line outside a seal agent coated
region.

4. A substrate for a liquid crystal display device, compris-

ing:

pixel regions arranged in a matrix form on a base substrate;

a pixel electrode formed in each of the pixel regions;

a plurality of gate bus lines formed on the base substrate in
parallel with each other and in each of which plural
formation materials are laminated and at least a lower
layer part is formed of a same formation material as the
pixel electrode;

a plurality of drain bus lines intersecting with the gate bus
lines through an insulating film and formed to be in
parallel with each other;

a thin film transistor formed in each of the pixel regions and
including a gate electrode connected to the gate bus line,
a drain electrode connected to the drain bus line and a
source electrode connected to the pixel electrode; and

a storage capacitor including a storage capacitor branch
wiring line connected to a storage capacitor bus line, a
storage capacitor electrode connected to the pixel elec-
trode and the insulating film;

wherein the storage capacitor branch wiring line is con-
nected to the storage capacitor bus line through a layer
made of the same formation material as the pixel elec-
trode.

5. A substrate for a liquid crystal display device, compris-

ing:

pixel regions arranged in a matrix form on a base substrate;

a pixel electrode formed in each of the pixel regions;

a plurality of gate bus lines formed on the base substrate in
parallel with each other and in each of which plural
formation materials are laminated and at least a lower
layer part is formed of a same formation material as the
pixel electrode;

a plurality of drain bus lines intersecting with the gate bus
lines through an insulating film and formed to be in
parallel with each other;

athin film transistor formed in each of the pixel regions and
including a gate electrode connected to the gate bus line,
a drain electrode connected to the drain bus line and a
source electrode connected to the pixel electrode; and

a storage capacitor including a storage capacitor branch
wiring line connected to the gate bus line, a storage
capacitor electrode connected to the pixel electrode and
the insulating film;

wherein the storage capacitor branch wiring line is con-
nected to the gate bus line through a layer made of the
same formation material as the pixel electrode.
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