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(57) ABSTRACT

A four-mask process and a three-mask process proposal are
constructed for a TN-type liquid crystal display device and
an IPS-type liquid crystal device in which the formation of
a passivation insulating layer is not required by streamlining
the formation of a scan line and a pseudo-pixel element, both
comprising a laminate made of a transparent conductive
layer and a metal layer, at the same time and the formation
of the transparent conductive pixel electrode by removing
the metal layer on the pseudo-pixel electrode at the time of
the formation of the opening in the gate insulating layer, by
streamlining the treatment of the formation process of the
contact and the formation process of the protective insulat-
ing layer using one photomask due to the introduction of
half-tone exposure technology, and the formation of source-
drain wires for etch-stop type insulating gate-type transistor
using a photosensitive organic insulating layer and leaving
the photosensitive organic insulating layer unchanged on
source-drain wires or on the source wire (signal line), or by
forming an anodized layer, which is an insulating layer, on
source-drain wires.
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LIQUID CRYSTAL DISPLAY DEVICE AND A
MANUFACTURING METHOD OF THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device with a color image display function, and in
particular to an active-type liquid crystal display device.

DESCRIPTION OF THE RELATED ART

[0002] Televisions and various other image display
devices that have a liquid crystal display 5 to 50 cm in
diagonal length are commercially available in mass quantity
through the progress in recent years in micro-fabrication,
liquid crystal material, high-density packaging technology,
and other such technologies. In addition, color displays can
easily be obtained by forming an RGB color layer on one of
the two glass substrates composing the liquid crystal panel.
In particular, in a so-called active liquid crystal panel with
a switching element inside each pixel, there is little cross-
talk, the response rate is high, and images with a high
contrast ratio are guaranteed.

[0003] For these liquid crystal displays (liquid crystal
panels), the matrix organization generally comprises from
200 to 1200 scan lines and from around 300 to 1600 signal
lines, but recently increases in screen size and definition are
progressing simultaneously in response to the increase in
display capacity.

[0004] FIG. 29 shows a state of liquid crystal panel
packaging in which electric signals are provided to an image
display part using packaging means such as COG (Chip-
On-Glass) in which a conductive adhesive is used to connect
a semiconductor integrated-circuit chip 3 for supplying a
drive signal to an electrode terminals 5 on scan lines formed
on one of the transparent insulating substrates composing a
liquid crystal panel 1, for example a glass substrate 2, or
TCP (Tape-Carrier-Package) for fixing a TCP film 4, to an
electrode terminals 6 on signal lines using pressure and a
suitable adhesive including a conductive medium using, for
example, a thin polyamide-base plastic film with copper foil
terminals plated with gold or solder as a base. Herein, both
of these packaging methods are shown at the same time for
convenience, but in actual practice, either method may be
arbitrarily selected.

[0005] Wire paths connecting the interval between the
pixels in the image display area positioned nearly in the
center of a liquid crystal panel 1 and terminals 5 and 6 of
scan lines and signal lines are 7 and 8, and do not necessarily
need to be constructed of the same conductive material as
the electrode terminals 5 and 6. 9 is a color filter or an
opposing glass filter that is another transparent insulating
substrate having a transparent conductive opposing elec-
trode on its opposing side, which is common to all the liquid
crystal cells.

[0006] FIG. 30 shows an equivalent circuit of an active-
type liquid crystal display device with an insulating gate-
type transistor 10 disposed as a switching element at each
pixel. In the figure, 11 (7 in FIG. 29) is a scan line, 12 (8 in
FIG. 28) is a signal line, 13 is a liquid crystal cell, and the
liquid crystal cell 13 is treated as a capacitance element
electrically. The elements drawn with solid lines are formed
on the glass substrate 2, one of the glass substrates com-
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posing the liquid crystal panel, and an opposing electrode 14
drawn with dotted lines common to all the liquid crystal cells
13 are formed on the main surface opposite the other glass
substrate 9. If the “off” resistance of the insulating gate-type
transistor 10 or the resistance of the liquid crystal cell 13 is
low, or if gradation in the displayed image is to be empha-
sized, circuitry innovation may be introduced such as adding
an auxiliary storage capacitor 15 in parallel with the liquid
crystal 13 as a load to increase the time constant thereof 16
is a storage capacitor line forming a mother line common to
the storage capacitors 15.

[0007] FIG. 31 shows a cross-sectional view of the essen-
tial part of an image display area of a liquid crystal display
device. The two glass substrates 2 and 9 composing the
liquid crystal panel 1 are formed separated by a specified
distance of several um by a spacer material (not illustrated)
such as pillar-shaped resin spacers formed on a color filter
9, plastic fibers, or plastic beads, and that gap is a closed
space sealed by a sealing material and an end sealing
material made from an organic resin (neither of which are
illustrated) at the periphery of the glass substrate 9, and the
gap is filled with liquid crystal 17.

[0008] To obtain a color display, a thin organic film of
about 1 to 2 um thick, including either a dye or pigment or
both, called a color layer 18, is deposited on the closed space
side of the glass substrate 9, providing a color display
function, in which case the glass substrate 9 may also be
referred to by the name a color filter (abbreviated as CF).
Depending on the property of the liquid crystal material 17,
a polarization plate 19 is attached to the top of the glass
substrate 9 or the bottom of the glass substrate 2 or both, so
the liquid crystal panel 1 functions as an electro-optical
element. TN (Twisted Nematic)-type liquid crystal material
is currently used in most liquid crystal panels available
commercially, and two polarization plates 19 are normally
required. Although not illustrated, a back light source is
disposed as a light source in the transmission-type liquid
crystal panel, irradiating white light from below.

[0009] A thin polyimide-type resin film 20 about 0.1 pm
thick, for example, formed on the two glass substrates 2 and
9 and in contact with the liquid crystal 17 is an alignment
film for orientating liquid crystal molecules in a fixed
direction. 21 is a drain electrode (wire) for connecting a
drain of the insulating gate-type transistor 10 and a trans-
parent conductive pixel electrode 22, and is often formed at
the same time as a signal line (source line) 12. A semicon-
ductor layer 23 is positioned between the signal line 12 and
the drain electrode 21 and is described in further detail
below. A thin Cr film layer 24 about 0.1 pm thick formed at
the interface of the adjacent color layer 18 on the a color
filter 9 is a light shield material for preventing external light
from radiating on the semiconductor layer 23, the scan line
11, or the signal line 12. This is an established technology
referred to as black matrix (abbreviated as BM).

[0010] Next, a description is given of the structure of an
insulating gate-type transistor as a switching element and its
manufacturing method. Two types of insulating gate-type
transistors are currently used commonly, one of which will
be introduced as a prior art example and be referred to as an
etch-stop type. FIG. 32 is a plane view of a unit pixel of an
active substrate (semiconductor device for display devices)
composing a conventional liquid crystal panel. Cross-sec-
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tion views of lines A-A', B-B' and C-C' in FIG. 32(e) are
shown in FIG. 33. The manufacturing process is described
briefly below.

[0011] First, a first metal layer about 0.1 to 0.3 um thick
is deposited over the main surface of a glass substrate 2,
product name 1737 manufactured by Corning, Incorporated,
for example, about 0.5 to 1.1 mm thick as an insulating
substrate with high transparency, chemical-resistance, and
heat-resistance, and scan lines doubling as gate electrodes
11A and storage capacitor lines 16 are selectively formed
using a photosensitive resin pattern with micro-fabrication
technology as shown in FIG. 32(a) and FIG. 33(a). The
material for the scan line may be selected taking into
consideration the combined properties of heat-resistance,
chemical-resistance, hydrofluoric acid resistance, and con-
ductance, though an alloy or a metal with a high heat
resistance such as a Cr, Ta or MoW alloy is generally used.

[0012] While using Al (aluminum) as the material for the
scan lines is reasonable for lowering the resistance value of
the scan lines in response to the larger screens and higher
definition of liquid crystal panels, by itself, Al has a low heat
resistance, so adding an oxide layer (Al,O;) in anodization
ofthe Al surface or laminating with Cr, Ta or Mo or a silicide
thereof as the heat resistance metal is currently the general
technology in use. In other words, the scan lines 11 are
constructed of one or more metal layers.

[0013] Next, a PCVD (plasma CVD) equipment is used to
successively deposit three thin film layers about 0.3, 0.05,
and 0.1 pum thick, for example, comprising a first SiN,
(silicon nitride) layer composing a gate insulating layer, a
first amorphous silicon (a-Si) layer 31 composing a channel
for an insulating gate-type transistor including almost no
impurities, and a second SiN, layer 32 composing an insu-
lating layer for protecting the channel, over the entire
surface of the glass substrate 2, and micro-fabrication tech-
nology is used to selectively leave the second SiN, layers
above the gate electrodes 11A narrower than the gate elec-
trodes 11A to form protection layers 32D as shown in FIGS.
32(b) and 33(b), exposing the first amorphous silicon layer
31.

[0014] Continuing, the second amorphous silicon layer 33
including phosphorous, for example as an impurity, is
deposited about 0.05 um thick, for example, over the entire
surface similarly using the PCVD equipment. Then, a thin
film layer 34 of Ti, Cr, Mo, or the like, for example, is
deposited as a heat-resistant metal layer about 0.1 pm thick,
an Al thin film layer 35 about 0.3 pum thick is deposited as
a low-resistance wiring layer, and a Ti thin layer, for
example, is deposited as an intermediate conductive layer
about 0.1 pm thick. Drain electrodes of insulating gate-type
transistors comprising a laminate made of the three thin film
layers 34A, 35A, and 36 A, which are source-drain materials,
and signal lines 12 doubling as source electrodes are selec-
tively formed with micro-fabrication technology using a
photosensitive resin pattern as shown in FIG. 32(¢) and FIG.
33(c). This selective patterning is made by successively
etching the Ti thin film layer 36, the Al thin film layer 35,
and the Ti thin film layer 34 using a photosensitive resin
pattern used in forming the source-drain wires as a mask,
and then removing the second amorphous silicon layer 33
between the source-drain electrodes 12 and 21 to expose the
protective insulating layers 32D as well as removing the first
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amorphous silicon layer 31 in other regions to expose the
gate insulating layer 30. Because the second SiNx layers
32D (protective insulating layers, etch stop layers), which
are layers for protecting the channels, are thus present, and
the etching of the second amorphous silicon layer 33 auto-
matically ends, this manufacturing method is called etch-
stop.

[0015] Next, after removing the said photosensitive resin
pattern, an SiNx layer about 0.3 um thick is deposited over
the entire surface of the glass substrate 2 similarly to the gate
insulating layer as a transparent insulating layer using the
PCVD equipment to form a passivation insulating layer 37.
The passivation insulating layer 37 is selectively removed
using a photosensitive resin pattern with micro-fabrication
technology to form openings 62 on the drain electrodes 21,
openings 63 on the scan lines, and openings 64 on the signal
line 12 outside an image display area to expose the drain
electrodes 21, part 5 of the scan lines 11, and part 6 of the
signal lines 12 as shown in FIG. 37(d) and 38(d). Openings
65 are similarly formed on the electrode patterns bundled
and in parallel with the storage capacitor lines 16 to expose
part of the storage capacitor lines 16.

[0016] Finally, ITO (Indium-Tin-Oxide) or IZO (Indium-
Zinc-Oxide), for example, is deposited as a transparent
conductive layer about 0.1 to 0.2 pum thick using an SPT or
other vacuum film-depositing equipment, and pixel elec-
trodes 22 are selectively formed on the passivating insulat-
ing layer 37 containing the openings 62 using a photosen-
sitive resin pattern with micro-fabrication technology to
complete the active substrate 2 as shown in FIGS. 32(e) and
33(e). Part of the scan lines 11 exposed in the openings 63
may be used as the electrode terminals 5, and part of the
signal lines 12 exposed in the openings 64 as the electrode
terminals 6, and the electrode terminals 5A and 6A made
from ITO on the passivating insulating layer 37 containing
the openings 63 and 64 may be selectively formed as
illustrated, but a transparent conductive short line 40 is
ordinarily formed at the same time connecting the electrode
terminals 5A and 6A. The reason for this is so a high
resistance can be made as a measure against static electricity
by forming the interval between the electrode terminals SA
and 6A and the short wire 40 into a long, narrow striped form
to increase the resistance (not illustrated). Similarly, elec-
trode terminals (not illustrated) are formed on the storage
capacitor lines 16 containing the openings 65, though a
number thereof is not provided.

[0017] If wiring resistance of the signal wire 12 is not a
problem, a low-resistance wire layer 35 made from Al is not
necessarily required, in which case it is possible to simplify
the layers of the source-drain wires 12 and 21 by selecting
a heat-resistant metal material such as Cr, Ta, or Mo.
Ensuring an electrical connection with the second amor-
phous silicon layer using a heat-resistant metal layer is thus
more important for the source-drain wires; the heat resis-
tance of an insulating gate-type transistor is described in
detail in Unexamined Patent Application Number H 7-74368
[i.e., 1995-74368] as an example of prior art. A region 50 (a
right-slanting oblique portion) over which the storage
capacitor line 16 and the drain electrode 21 are superim-
posed in a planar manner via the gate insulating layer 30 in
FIG. 32 (c¢) forms a storage capacitor 15, though a detailed
description is omitted here.
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[0018] A detailed history of the five-mask process
described above is omitted, but it is obtained as the result of
streamlining the semiconductor is landing processing and
decreasing the number of contact formation processes. Pho-
tomasking, which initially required seven to eight processes,
has been reduced to the current five layers by the introduc-
tion of dry etching technology, which greatly contributes to
the decreasing process costs. It is a well-known target of
development that lowering the process cost in the manufac-
ture of the active substrate and the material cost in the panel
assembly and module packaging processes is effective in
lowering the production costs of liquid crystal display
devices. To lower process costs, either process may be
eliminated to make the process shorter, or inexpensive
process development or inexpensive process replacement is
available. Here, a four-mask process resulting in an active
substrate with four photomasks is described as an example
of eliminating processes. The photo-etching process is
eliminated by introducing half-tone exposure technology.
FIG. 34 shows a plane view of a unit pixel in an active
substrate corresponding to the four-mask process. The cross-
section views of lines A-A', B-B' and C-C' in FIG. 34(e) are
shown in FIG. 35. As already mentioned, two types of
insulating gate-type transistors are commonly in use. Here,
a channel etch-type insulating gate-type transistor is used.

[0019] First, a first metal layer about 0.1 to 0.3 um thick
is deposited on the main surface of the glass substrate 2
using an SPT or other vacuum film-depositing equipment
similar to as done in the five-mask process, and the storage
capacitor lines 16 and scan lines 11 doubling as the gate
electrodes 11A are selectively formed using a photosensitive
resin pattern with micro-fabrication technology as shown in
FIGS. 34(a) and 35(a).

[0020] Next, three thin film layers comprising the SiNx
layer 30 composing a gate insulating layer, a first amorphous
silicon layer 31 composing a channel for an insulating
gate-type transistor including hardly any impurities, and a
second amorphous silicon layer 33 composing a source and
drain for an insulating gate-type transistor including impu-
rities are successively deposited about 0.3 to 0.2 to 0.05 pm,
for example, over the entire surface of the glass substrate 2
using a PCVD equipment. Next, a Ti thin film layer 34, for
example, as a heat-resistant metal layer about 0.1 pum thick,
an Al thin film layer 35 as a low-resistance wire layer about
0.3 um thick, and a Ti thin film layer 36, for example, as an
intermediate conductive layer about 0.1 pum thick, that is,
source-drain wire materials are successively deposited using
an SPT or other vacuum film-depositing equipment. Drain
electrode of insulating gate-type transistors and signal lines
12 doubling as source electrodes are selectively formed, but
in this selective patterning, forming photosensitive resin
patterns 80A and 80B thinner than the 3 um of source-drain
wiring formation regions 80A(12) and 80A(21) with the
channel formation region 80B (oblique portion) between the
source-drain 1.5 pum thick, for example, as shown in FIGS.
34(b) and 35(b) using half-tone exposure technology is a
major feature of the streamlined four-mask process.

[0021] For such photosensitive resin patterns 80A and
80B, a positive photosensitive resin is ordinarily used in the
production of substrates for liquid crystal display devices, so
a black, that is, a thin Cr film is formed for the source-drain
wiring formation region 80A, a gray, line and space Cr
pattern is formed with a width of 0.5 to 1 pum, for example,
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for the channel region 80B, and for other regions, a photo-
mask may be used to make them white, that is, remove the
thin Cr film. It is possible to transmit about half of the
photomask transmissive light from a lamp source because
the lines and spaces are not resolved due to inadequate
resolution of exposure equipments, so the photosensitive
resin patterns 80A and 80B may be obtained in the gray
region having a concave cross-section shape such as that
shown in FIG. 35(b) corresponding to the residual film
characteristics of the positive-type photosensitive resin. By
forming an MoSi, thin film having different transmission of
light from the lamp source, for example, rather than a Cr thin
film slit in the gray region, a photomask with an equivalent
function may be obtained.

[0022] After successively etching the Ti thin film layer 36,
the Al thin film layer 35, the Ti thin film layer 34, the second
amorphous silicon layer 33, and the first amorphous silicon
layer 31 using the said photosensitive plastic patterns 80A
and 80B as masks to expose the gate insulating layer 30 as
shown in FIG. 35(5), the photosensitive resin patterns 80A
and 80B are decreased at least 1.5 um by ashing means such
as oxygen plasma, eliminating the photosensitive resin pat-
tern 80B to expose the channel region, and leaving 80C (12)
and 80C (21) only on the source-drain wiring formation
region as shown in FIGS. 34(c¢) and 35(c). The Ti thin film
layer, Al thin film layer, Ti thin film layer, second amorphous
silicon layer 33A, and first amorphous silicon layer 31A are
successively etched again using the reduced photosensitive
resin patterns 80C (12) and 80C (21) as masks, and then the
first amorphous silicon layer 31A is etched leaving around
0.05 to 0.1 um. After the metal layer is etched, the first
amorphous silicon layer 31A is etched leaving around 0.05
to 0.1 um, forming the source-drain wires, so the insulating
gate-type transistor obtained with such a method is referred
to as a channel-etch. The resist pattern 80A is reduced so as
to be converted to 80C in the said plasma treatment, so it is
desirable to strengthen the anisotropicity to suppress
changes in the pattern dimensions. In further detail, RIE
(Reactive lon Etching) oxygen plasma treatment is desir-
able, and ICP (Inductive Coupled Plasma), or TCP (Transfer
Coupled Plasma) oxygen plasma treatment with a higher
density plasma source is even more desirable.

[0023] After removing the said photosensitive resin pat-
terns 80C (12) and 80C (21), a second SiNx layer about 0.3
um thick is deposited as a transparent insulating layer over
the entire surface of the glass substrate 2 to make a passi-
vation insulating layer 37; openings 62, 63, and 64 are
formed on the drain electrodes 21 and in regions to be
formed for the electrode terminals of the scan line 11 and the
signal line 12 respectively, using a photosensitive resin
pattern with micro-fabrication technology as shown in FIG.
34(d) and FIG. 35(d); the gate insulating layer 30 and the
passivation insulating layer 37 in the openings 63 are
removed to expose part S of the scan lines in the openings
63; and the passivation insulating layer 37 in the openings 62
and 64 is removed to expose part of the drain electrodes 21
and part 6 of the signal lines. Similarly, openings 65 are
formed on the storage capacitor lines 16 to expose part
thereof.

[0024] Finally, ITO or IZO, for example, is deposited as a
transparent conductive layer about 0.1 to 0.2 um thick using
an SPT or other vacuum film-depositing equipment, and
transparent conductive pixel electrodes 22 containing the
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openings 62 are selectively formed on the passivation insu-
lating layer 37 using a photosensitive resin pattern with
micro-fabrication technology to complete the active sub-
strate 2 as shown in FIG. 34(e) and FIG. 35(e). For the
electrode terminals, transparent conductive electrode termi-
nals 5A and 6 A made from ITO are selectively formed on the
passivation insulating layer 37 containing the openings 63
and 64.

[0025] In this manner, the contacts formation processes for
the drain electrode 21 and the scan line 11 are carried out at
the same time in both the five-mask and four-mask pro-
cesses, so the thickness and type of the insulating layers in
the openings 62 and 63 corresponding thereto differ. The
film deposition temperature is lower and the film quality
inferior in the passivation insulating layer 37 than in the gate
insulating layer 30, the etching rate when using a hydrof-
luoric acid etching liquid differs by a magnitude of 10 at
several thousand A/minute and several hundred A/minute
respectively, and because the hole diameter cannot be con-
trolled due to an excess of over-etching on the top of the
cross-sectional shape of the opening 62 on the drain elec-
trode 21, dry etching utilizing a fluoride gas is used.

[0026] Even if dry etching is used, the opening 62 on the
drain electrode 21 is only in the passivation insulating layer
37, so unlike the opening 63 of the scan line 11, over-etching
of the opening 62 cannot be avoided, and depending on the
material, the intermediate conductive layer 36 A may be
decreased by the etching gas. In the removal of the photo-
sensitive resin pattern after the etching is complete, about
0.1 to 0.3 um of the surface of the photosensitive resin
pattern is first etched away with oxygen plasma ashing to
remove the polymer on the fluoridated surface, then chemi-
cal treatment is generally carried out using an organic
stripper such as stripper 106 manufactured by Tokyo Ohka
Kogyo or the like, though when the intermediate conductive
layer 36A is reduced to expose the base aluminum layer
35A, an AL O; insulator is formed on the surface of the
aluminum layer 35A in oxygen plasma ashing treatment,
losing good ohmic contact with the pixel electrode 22. This
problem may be avoided by setting the film thickness to 0.2
um, for example, so the intermediate conductive layer 36 A
may be reduced. Alternately, an avoidance measure is pos-
sible wherein the aluminum layer 35A is removed when
forming the openings 62 to 65 to expose the thin film layer
34A which is the base heat-resistant metal layer and then
form the pixel electrode 22. This measure has the advantage
that the intermediate conductive layer 36A is not required
from the beginning.

[0027] Still, with the former measure, if the uniformity in
these film thickness surfaces is unfavorable, this approach
may not necessarily act effectively either, and this applies
identically to cases where the surface uniformity in the etch
rate is also unfavorable. With the latter measure, the inter-
mediate conductive layer 36A is unneeded, but a removal
process for the aluminum layer 35A is added, and there is the
danger that the picture element electrode 22 may be cut off
if the cross-section control of the opening 62 is inadequate.

[0028] In addition, if the first amorphous silicon layer 31
not including impurities in the channel region is in no way
deposited such as to be on the thick side (ordinarily 0.2 pm
or thicker) in the channel etch-type insulating gate-type
transistor, the uniformity in the glass substrate surface is
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greatly affected, leading to a tendency for the transistor
characteristics and particularly the “off’”” current to be irregu-
lar. This is greatly affected by the PCVD operation rate and
the generation of particles, and is an extremely important
item from the perspective of production costs.

[0029] Further, in the channel formation process applied in
the four-mask process, the source-drain wire material
between the source-drain wires 12 and 21 and the semicon-
ductor layers are selectively removed, so this channel for-
mation process determines the length of the channel (4 to 6
um in products currently being mass produced), which
greatly affects the “on” characteristics of the insulating
gate-type transistor. Fluctuation in the channel length greatly
alters the “on” current value of the insulating gate-type
transistor, so strict manufacturing controls are ordinarily
required, but the channel length, that is, the pattern dimen-
sions of the half-tone exposure region, is greatly affected by
many parameters such as the exposure value (light source
strength and photomask pattern precision and particularly
the line and space dimensions), coating thickness of the
photosensitive resin, developing of the photosensitive resin,
and the amount of reduction in the photosensitive resin in the
etching process; in addition, stable production with a high
yield is not necessarily possible while keeping uniformity in
these quantities in the surface, and even stricter production
control is required than that in conventional manufacturing,
so it definitely cannot be said that the art is currently at a
high level of completion. This tendency is particularly
noticeable when the channel length is 6 wm or shorter. That
is because when the photosensitive resin patterns 80A and
80B are anisotropically reduced during the reduction of the
photosensitive resin patterns 80A and 80B 1.5 um, the
dimension between the photosensitive resin patterns
80A(12) and 80A(21) naturally grows 3 um, so the channel
winds up being formed 3 pm longer than the set value.

[0030] The present invention takes into account the
present state of the art, not only avoiding the defects in
forming the contacts common to the conventional five-mask
process and the four-mask process, but also decreasing the
manufacturing processes used in half-tone exposure tech-
nology having a large manufacturing margin. The need to
achieve lower-priced liquid crystal panels and earnestly
pursue a further decrease in the number of manufacturing
processes in response to increased demand is clear. The
value of the present invention is thus further enhanced by its
contribution of technology to simplify other major manu-
facturing processes and provide lower costs.

[0031] A streamlined form of the formation process of the
pixel electrode disclosed in Unexamined Patent Application
Number 7-175088 [i.e., 1995-175088], which is prior art, is
first applied in the present invention to reduce the number of
manufacturing processes. Next, half-tone exposure technol-
ogy is applied to the etch-stop layer formation process and
contact formation process, for which pattern dimension
control is simple, to further decrease the number of manu-
facturing processes. Then, an insulating gate-type transistor
having a protective insulating layer on the channel is intro-
duced, source-drain wires are formed using a photosensitive
organic insulating layer disclosed in Unexamined Patent
Application Number 2-275925 [i.e., 1990-275925], which is
prior art, to effectively passivate only the source-drain wires,
and the photosensitive organic insulating layer is left
unchanged to form an insulating layer on the surfaces of the
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source-drain wires, making it unnecessary to form a passi-
vation insulating layer. Alternatively, this may be fused with
anodization technology for forming an insulating layer in the
surface of the source-drain wires comprising aluminum that
is disclosed in Unexamined Patent Application Number
2-216129 [i.e., 1990-216129] to streamline the process and
lower the process temperature. In order to decrease the
number of processes therein, half-tone exposure technology
is applied to the anodized layer formation of the source-
drain wires to streamline the protective layer formation
process of the electrode terminals.

[0032] [Patent Document 1] Unexamined Patent Applica-
tion Number 7-74368 [i.e., 1995-74368]

[0033] [Patent Document 2] Unexamined Patent Applica-
tion Number 7-175088 [i.e., 1995-175088]

[0034] [Patent Document 3] Unexamined Patent Applica-
tion Number 2-275925 [i.e., 1990-275925]

[0035] [Patent Document 4] Unexamined Patent Applica-
tion Number 2-216129 [i.e., 1990-216129]

[0036] [Patent Document 5] Unexamined Patent Applica-
tion Number 59-9962 [i.e., 1984-9962]

SUMMARY OF THE INVENTION

[0037] Inthe liquid crystal display device described above
in the present invention, an insulating gate-type transistor
has a protective insulating layer on the channel, so a
passivation function is provided by selectively forming a
photosensitive organic insulating layer only on source-drain
wires in an image display area or only on the signal line or
by anodizing the source-drain wires comprising anodizable
source-drain material and forming an insulating layer on the
surfaces of the source-drain wires. Because of this, an
exceptionally heating process is not used, so excess heat
resistance is not required in the insulating gate-type transis-
tor made in which an amorphous silicon layer is used as a
semiconductor layer. To put it another way, effects are added
wherein the electrical performance does not deteriorate in
the formation of passivation. Also, in the anodization of the
source-drain wires, it is possible to selectively protect the
tops of electrode terminals for the scan line and the signal
line by introducing half-tone exposure technology, obtaining
the effect of preventing an increase in the number of
photo-etching processes.

[0038] Additionally, the formation process of pixel elec-
trodes is streamlined by forming pseudo-pixel electrodes
and scan lines comprising a laminate made of a transparent
conductive layer and a first metal layer, and removing the
first metal layer from the top of the pseudo-pixel electrodes
during the formation of contacts (openings) on the pseudo-
pixel electrodes to obtain transparent conductive pixel elec-
trodes. As a result, a four-mask process without concomitant
use of half-tone exposure technology is achieved unlike a
conventional four-mask process with concomitant use of
half-tone exposure technology, simplifying channel length
management.

[0039] Also, by using half-tone exposure technology with
a lower pattern accuracy during the formation of the source-
drain wires, it is possible to obtain electrodes for the signal
line and the scan line comprising a metal layer, so variety
can be provided in the device.
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[0040] Further, coupled with the process reduction where
the formation process of protective insulating layers (etch-
stop layers) and the formation process of openings (contacts
formation process) in the gate insulating layer with one
photomask is made possible by introducing half-tone expo-
sure technology, the number of photo-etching processes is
further decreased from five photomasks, making it possible
to produce a liquid crystal display device using four or three
photomasks. This is the result of decreasing the number of
manufacturing processes of the active substrate, and is the
greatest feature from the perspective of decreasing costs of
the overall liquid crystal display device. Moreover, the
pattern precision of these processes is not so high, so
controlling production without greatly affecting quality or
yield is an easy matter.

[0041] An electric field generated between the counter
electrode and the pixel electrode in an IPS-type liquid
crystal display device according to Embodiments 11 and 13
is applied only to the gate insulating layer, and an electric
field generated between the counter electrode and the pixel
electrode in an IPS-liquid crystal display device according to
Embodiments 12 and 14 is applied to the gate insulating
layer and the anodized layer of the pixel electrode, so a
conventional inferior passivation insulating layer with many
defects is not used, and the advantage of the rarity of the
display image sticking phenomenon is enjoyed. The reason
for this is that no charge accumulates due to the anodized
layer of the drain wire (pixel electrode) functions as a high
resistance layer rather than an insulating layer.

[0042] As is made clear in the above description, the
requirements of the present invention are a process for
utilizing an etch stop-type insulating gate-type transistor to
form a pseudo-pixel electrode and a scan line comprising a
laminate made of a transparent conductive layer and a first
metal layer, and removing a first metal layer on a pseudo-
pixel electrode during the formation of a contact on the
pseudo-pixel electrode to obtain a transparent conductive
pixel electrode; a process for treating the protective insulat-
ing layer formation process and contact formation process
with one photomask by introducing half-tone exposure
technology; and that a photosensitive organic insulating
layer is selectively left on source-drain wires or only on a
signal line during the formation of source-drain wires or
surfaces of source-drain wires are anodized using anodizable
source-drain wire material to making formation of a passi-
vation insulating layer unnecessary; as for the construction,
the fact that a semiconductor device for a display device
with different materials for the pixel electrode, gate insulat-
ing layer, and the like or with different film thicknesses as
well as that differences in the manufacturing process belong
to this category of invention is self-evident; the usefulness of
the present invention does not change in a reflection type
liquid crystal display device or a vertically aligned liquid
crystal display device; and the fact that the semiconductor
layer of the insulating gate type transistor is not limited to
amorphous silicon is also obvious.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The objects and advantages of the present inven-
tion will be apparent from the following detailed description
of the preferred embodiments of the invention with refer-
ences to the following drawings:

[0044] FIG. 1 shows a plane view of the active substrate
in Embodiment 1 of the present invention.
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[0045] FIG. 2 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 1 of
the present invention.

[0046] FIG. 3 shows a plane view of the active substrate
in Embodiment 2 of the present invention.

[0047] FIG. 4 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 2 of
the present invention.

[0048] FIG. 5 shows a plane view of the active substrate
in Embodiment 3 of the present invention

[0049] FIG. 6 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 3 of
the present invention.

[0050] FIG. 7 shows a plane view of the active substrate
in Embodiment 4 of the present invention.

[0051] FIG. 8 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 4 of
the present invention.

[0052] FIG. 9 shows a plane view of the active substrate
in Embodiment 5 of the present invention.

[0053] FIG. 10 a cross-sectional view for the manufactur-
ing process of the active substrate in Embodiment 5 of the
present invention.

[0054] FIG. 11 shows a plane view of the active substrate
in Embodiment 6 of the present invention.

[0055] FIG. 12 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 6 of
the present invention.

[0056] FIG. 13 shows a plane view of the active substrate
in Embodiment 7 of the present invention.

[0057] FIG. 14 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 7 of
the present invention.

[0058] FIG. 15 shows a plane view of the active substrate
in Embodiment 8 of the present invention.

[0059] FIG. 16 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 8 of
the present invention.

[0060] FIG. 17 shows a plane view of the active substrate
in Embodiment 9 of the present invention.

[0061] FIG. 18 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 9 of
the present invention.

[0062] FIG. 19 shows a plane view of the active substrate
in Embodiment 10 of the present invention.

[0063] FIG. 20 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 10
of the present invention.

[0064] FIG. 21 shows a plane view of the active substrate
in Embodiment 11 of the present invention.

[0065] FIG. 22 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 11
of the present invention.
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[0066] FIG. 23 shows a plane view of the active substrate
in Embodiment 12 of the present invention.

[0067] FIG. 24 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 12
of the present invention.

[0068] FIG. 25 shows a plane view of the active substrate
in Embodiment 13 of the present invention.

[0069] FIG. 26 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 13
of the present invention.

[0070] FIG. 27 shows a plane view of the active substrate
in Embodiment 14 of the present invention.

[0071] FIG. 28 shows a cross-sectional view for the manu-
facturing process of the active substrate in Embodiment 14
of the present invention.

[0072] FIG. 29 shows a perspective view showing the
mounted state of the liquid crystal panel.

[0073] FIG. 30 shows an equivalent circuit of the liquid
crystal panel.

[0074] FIG. 31 shows a cross-sectional view of a conven-
tional liquid crystal panel.

[0075] FIG. 32 shows a plane view of the active substrate
in the prior art example.

[0076] FIG. 33 shows a cross-sectional view of the manu-
facturing process for the active substrate in the prior art
example.

[0077] FIG. 34 a plane view of a streamlined active
substrate.

[0078] FIG. 35 shows a cross-sectional view of the manu-
facturing process for a streamlined active substrate.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0079] Embodiments of the invention are described below
with reference to FIGS. 1 to 28. FIG. 1 shows a plane view
of an active substrate according to Embodiment 1; FIG. 2
shows a cross-sectional view of the manufacturing process
along the line A-A', the line B-B', and the line C-C' in FIG.
1. Similarly, oddly numbered drawings from FIG. 3 to FIG.
27 and evenly numbered drawings from FIG. 4 to FIG. 28
show plane views and cross-sectional views of the manu-
facturing process respectively of an active substrate. The
reference numerals used in one portion of the conventional
example are used similarly in other examples, so a detailed
description is omitted here.

Embodiment 1

[0080] In Embodiment 1, first, an SPT or other vacuum
film depositing equipment is used to deposit ITO, for
example, as a transparent conductive layer 91 about 0.1 to
0.2 pm thick and a first metal layer 92 about 0.1 to 0.3 um
thick on the main surface of glass substrate 2. Then, scan
lines 11 doubling as gate electrodes 11A comprising a
laminate made of a transparent conductive layer 91A and
first metal layer 92A and pseudo-electrode terminals 94 of
the scan lines; pseudo-pixel electrodes 93 comprising a
laminate made of a transparent conductive layer 91B and a
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first metal layer 92B; and pseudo-electrode terminals 95 of
signal lines comprising a laminate made of a transparent
conductive layer 91C and a first metal layer 92C, are
selectively formed using photosensitive resin patterns using
micro-fabrication technology as shown in FIG. 1 (@) and
Figure (2). A metal with a high melting point such as Cr, Ta,
or Mo, for example, or an alloy or a silicide thereof may be
selected for the first metal layer. An aluminum layer or an
aluminum alloy layer including Nd sandwiched by a heat-
resistant metal layer such that a battery reaction does not
occur between the ITO in an alkaline developing solution or
resist stripping solution due to lowered resistance of the scan
line may also be selected. Improving insulation break-down
voltage with the signal through a gate insulating layer and
controlling the tapering of the cross-section shape on the
electrodes thereof through dry etching in order to increase
the yield is desirable; however, sediment volume from
reaction products in a gas exhaust system has not be greatly
developed despite ITO dry etching technology being devel-
oped in which hydrogen iodide and hydrogen bromide are
used, so for the time being, employing sputter etching that
uses Ar (gas), for example, is preferred. If IZO is used as
transparent conductive layer 91, patterns can be formed by
continuously applying the same etching solution due to the
properties of the first metal layer 92, and it is also easy to
taper the cross-section shape.

[0081] Next, a transparent insulating layer of, for example,
TaOx or Si0O, is deposited as a plasma protection layer about
0.1 um thick on the entire surface of the glass substrate 2,
and numbered 71. The plasma protection layer 71 is neces-
sary to prevent variation in the film quality of SiNx when the
transparent conductive layers 91A and 91B exposed in an
edge part of the pseudo-pixel electrode 93 and the scan line
11 are reduced during subsequent production of SiNx, a gate
insulating layer, by a PCVD equipment. Refer to the prior art
example of Published Unexamined Patent Application
59-9962 [i.e., 1984-9962] for further details.

[0082] After depositing the plasma protection layer 71,
three thin films comprising a first SINx layer 30 composing
a gate insulating layer, a first amorphous silicon layer 31
composing channels of insulating gate-type transistors
including hardly any impurities, and a second SiNx layer 32
composing an insulating layer to protect the channels, are
successively deposited about 0.2, 0.05 and 0.1 pm, for
example, using a PCVD equipment similarly to the prior art
example. Then, as shown in FIG. 1 () and FIG. 2 (b), the
second SiNx layer 32 is selectively etched using photosen-
sitive resin patterns using micro-fabrication technology to
form second SiNx layers 32D (protective insulating layers)
whose pattern width are narrower than the gate electrodes
11A and to expose the first amorphous silicon layer 31.
Because the gate insulating layer forms a laminate made of
the plasma protecting layer 71 and the first SiNx layer 30,
the first SiNx layer may be formed thinner than convention-
ally, a favorable advantage.

[0083] Continuing, after using a PCVD equipment to
deposit a second amorphous silicon layer 33 about 0.05 um
thick, for example, including phosphorous, for example, as
an impurity over the entire surface of the glass substrate 2,
openings 74 are formed on the pseudo-pixel electrodes 93,
and openings 63A and openings 64A are formed on the
pseudo-electrode terminals 94 and the pseudo-electrode
terminals 95 respectively outside an image display area with
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photosensitive resin patterns using micro-fabrication tech-
nology. The second amorphous silicon layer 33, the first
amorphous silicon layer 31, the gate insulating layer 30 and
the plasma protecting layer 71 in the said openings as well
as the first metal layers 92A to 92C are then successively
etched. The transparent conductive layers 91A of the
pseudo-electrode terminals 94 are exposed to make elec-
trode terminals SA of the scan lines, the transparent con-
ductive layers 91C of the pseudo-electrode terminals 95 are
exposed to make electrode terminals 6A of the signal lines,
and the transparent conductive layers 91B of the pseudo-
pixel electrodes 93 are exposed to make pixel electrodes 22.
Additionally, it is possible to form openings 63B on the lines
against static electricity outside the image display area and
to form short lines 40 as a countermeasure against static
electricity.

[0084] Continuing, a thin film layer 34 of Ti, Ta, or the
like, for example, is deposited as a heat-resistant metal layer
about 0.1 um thick, and an Al thin film layer 35 is succes-
sively deposited as a low-resistance wire film about 0.3 pum
thick using an SPT or other vacuum film depositing equip-
ment. Then, the source-drain wire materials comprising
these two thin film layers, the second amorphous silicon
layer 33B, and the first amorphous silicon layer 31B are
successively etched using the photosensitive organic insu-
lating layer patterns 85 using micro-fabrication technology
to expose the gate insulating layer 30A as shown in FIG. 1
(d) and FIG. 2 (d), and the drain electrodes 21 of the
insulating gate-type transistors containing part of the pixel
electrodes 22 and the signal lines 12 doubling as source
electrodes and containing part of the electrode terminals 6A,
both comprising a laminate made of 34A and 35A, are
selectively formed. Then, the manufacturing process of the
active substrate 2 is ended without removing the photosen-
sitive organic insulating layer patterns 85. It should be
understood that by ending the etching of the source-drain
wires 12 and 21, the electrode terminals 5A of the scan lines
and the electrode terminals 6 A of the signal lines are formed
exposed on the glass substrate 2. If the limitations of the
resistance value are not strict, the construction of the source-
drain wires 12 and 21 may be simplified by using a single
layer of Ta, Cr, MoW, or the like.

[0085] The active substrate 2 thus obtained and a color
filter 9 are attached together to form a liquid crystal panel,
thereby completing Embodiment 1 of the present invention.
In Embodiment 1, the photosensitive organic insulating
layer patterns 85 are in contact with liquid crystal, so it is
important to use photosensitive organic insulating layers
with a high heat-resistance including a highly pure acrylic
resin or polyimide resin as the main ingredient, not ordinary
photosensitive resins having a Novolak-type resin as the
main ingredient for the photosensitive organic insulating
layers 85; depending on the property of the material, they
may be heated so as to fluidize and cover the side surfaces
of the source-drain wires 12 and 21, which would increase
the reliability of the liquid crystal panel a level. The con-
struction of the storage capacitor 15 is exemplified in FIG.
1 (d) (a right-slanting oblique portion 52), where a protrud-
ing part provided at the scan line 11 in the upper pixel and
the capacitor electrode 72 formed containing part of the
pixel electrode 22 at the same time as the source-drain wires
12 and 21 are overlaid in a planar fashion via the plasma
protective layer 71A, the gate insulating layer 30A, the first
amorphous silicon layer 31E, and the second amorphous



US 2008/0018819 Al

silicon layer 33E (all of which are not illustrated), though the
construction of the storage capacitor 15 is not limited
thereto, and the construction may be made via an insulating
layer including the gate insulating layer 30A between the
storage capacitor line 16 and the pixel electrode 22 formed
as the scan line 11 as in the prior art example. Other
constructions are also possible, though a detailed description
is omitted here.

[0086] In this manner, limitations in the construction of
the device, in which both the electrode terminals of the scan
lines and the signal lines are transparent conductive layers,
arise in Embodiment 1, though those limitations may be
overcome in the device and process as is explained in
Embodiment 2.

Embodiment 2

[0087] In Embodiment 2, the process proceeds nearly
identically to that in Embodiment 1 up until the contact
formation process as shown in FIG. 3(c) and FIG. 4(c).
Because of the reason described below, the pseudo-electrode
terminal and 95 of the signal line and are not necessarily
required. A thin film layer 34 of Ti, Ta, or the like, for
example, is deposited about 0.1 um thick as a heat-resistant
metal layer, and then an Al thin film layer 35 is subsequently
deposited as a low-resistance wire layer about 0.3 um thick
using an SPT or other vacuum film depositing equipment in
the source-drain wires formation process. Then, the source-
drain wire materials comprising these two thin film layers,
the second amorphous silicon layer 33B, and the first
amorphous silicon layer 31B are successively etched using
the photosensitive organic insulating layer patterns 86 A and
86B, using micro-fabrication technology to expose the pro-
tective insulating layers 32D and the gate insulating layer
30A as shown in FIG. 3(d) and FIG. 4(d). Drain electrodes
21 of the insulating gate-type transistors containing part of
the pixel electrodes 22 and signal lines 12 doubling as source
wires, both comprising a laminate made of 34 A and 35A, are
selectively formed. Electrode terminals 5 of the scan lines
containing part 5A of the exposed scan lines and electrode
terminals 6 composing part of the signal lines are formed at
the same time as the formation of the source-drain wires 12
and 21. In further detail, the pseudo-electrode terminals 95
as used in Embodiment 1 are not necessarily required.

[0088] Forming photosensitive organic insulating layer
patterns 86A and 86B at this point thicker than the 1.5-um
thickness of 86B (gray-tone) on the drain electrodes 21, the
electrode terminals 5 and 6, and the capacitor electrodes 72,
and the 3-um thickness, for example, of 86A (black region)
on the signal lines 12 using half-tone exposure technology is
an important feature of Embodiment 2. With the smallest
dimension of 86B corresponding to the electrode terminals
5 and 6 large at several tens of um, producing the photomask
and controlling the finishing dimensions are extremely easy,
but because the smallest dimension of the region 86A
corresponding to the signal lines 12 has a comparatively
high accuracy of 4 to 8 um, fine patterns are needed for the
black tone regions. However, compared with the source-
drain wires 12 and 21 formed in the one exposure treatment
and two etching treatments as described with the prior art
example, the source-drain wires 12 and 21 of the present
invention are formed with one exposure treatment and one
etching treatment, so there are fewer causes of fluctuation in
the pattern width, making it far easier to control the dimen-
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sions of the source-drain wires 12 and 21 as well as of the
interval between the source 12 and the drain wire 21, that is,
the channel length, than it is conventionally. In contrast to
the channel etch-type insulating gate transistor, it is the
dimensions of the protective insulating layers 32D that
determine the “on” current of the etch stop-type insulating
gate-type transistors, and what is desired to be understood is
that while the process control is made easier yet, this is not
due to the dimensions between the source 12 and the drain
wire 21.

[0089] The said photosensitive organic insulating layer
patterns 86A and 86B can be reduced by at least 1.5 pm
using oxygen plasma or other ashing means after the source-
drain wires 12 and 21 are formed to eliminate the photo-
sensitive organic insulating layer patterns 86B, thereby
exposing the drain electrodes 21, the electrode terminals 5
and 6, and the capacitor electrodes 72, and leaving the
photosensitive organic insulating layer patterns 86C
unchanged on only the signal lines 12 as shown in FIGS.
3(e) and 4(e), but it is desirable to increase the anisotropicity
to suppress changes in the pattern dimension as the reliabil-
ity decreases when the top surfaces of the signal lines 12 are
exposed due to narrowing of the width of the photosensitive
organic insulating layer patterns 86C in the said plasma
treatment. In further detail, RIE oxygen plasma treatment is
desirable, and ICP or TCP oxygen plasma treatment having
a high-density plasma source are even more desirable. The
manufacturing process of the active substrate 2 is thereby
ended without removing the photosensitive organic insulat-
ing layer patterns 86C as in Embodiment 1.

[0090] The active substrate 2 thus obtained and a color
filter 9 are attached together to form a liquid crystal panel,
thereby completing Embodiment 2. In Embodiment 2, the
photosensitive organic insulating layer patterns 86C are in
contact with liquid crystal, so it is important to use a
photosensitive organic insulating layer with a high heat-
resistance including a highly pure acrylic resin or polyamide
resin as the main ingredient, not an ordinary photosensitive
resin having a Novolak-type resin as the main ingredient for
the photosensitive organic insulating layers 86C. The con-
struction of the storage capacitor 15 is identical to that in
Embodiment 1. Making the shape of the transparent con-
ductive patterns for connecting the short wires 40 disposed
at the outer periphery of the active substrate 2 and the
transparent conductive patterns 6A formed below the signal
lines 12 and the part 5A of the scan lines long and narrow
makes for high resistant lines as a countermeasure against
static electricity, though other static electricity countermea-
sures using other conductive materials are also possible of
course.

[0091] In Embodiment 2, organic insulating layers are
formed only on the signal lines to expose the drain elec-
trodes 21 while maintaining the conductivity, similar to the
pixel electrodes 22, but even so, adequate reliability is
obtained because the drive signal applied to the liquid
crystal cells is basically alternating. And because the voltage
of the opposing electrode 14 on CF 9 is adjusted (to decrease
flickering) during the image testing such that the direct
voltage component between the pixel electrodes 22 (the
drain electrode the 21) and the opposing electrode the 14
decreases, insulating layers may be formed only on the
signal lines 12 such that the direct current component does
not flow.
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[0092] By changing the design of the pattern for forming
the signal lines 12 containing part of the transparent con-
ductive electrode terminals 6 A of the signal lines 12 without
forming metal electrode terminals 5 on the transparent
conductive electrode terminals 5A of the scan line, electrode
terminals 5A and 6A comprising a transparent conductive
layer can be made in place of the electrode terminals 5 and
6 comprising the source-drain wire material as shown in
FIGS. 3(f) and 4(f) similarly as in Embodiment 1; whether
to dispose photosensitive organic insulating layers on the
capacitor electrodes 72 is an arbitrary design matter, so even
if the component material for electrode terminals is changed,
the construction of the device will not be altered in the image
display area.

[0093] The manufacturing processes are decreased by
selectively forming organic insulating layers in this manner
only on the source-drain wires or only on the source wires
(signal lines) in Embodiment 1 and Embodiment 2, but the
thickness of the organic insulating layers is ordinarily 1 pm
or thicker, so the possibility that the gap precision in the
liquid crystal cells will not be maintained and the problem
that the level differences in the organic insulating layer
patterns will disturb the state of the orientation of the
alignment film, decreasing the contrast, may arise. There-
fore, a minimum number of processes are added in Embodi-
ment 3 to provide passivation technology with few level
differences in place of the organic insulating layers.

Embodiment 3

[0094] In Embodiment 3, a process nearly identical to that
in Embodiment 2 is carried out until where openings 63 A are
formed on part of the scan lines 11 outside the image display
area to expose part of the scan lines 11 as shown in FIG. 5(¢)
and FIG. 6(c). Continuing, a thin film layer 34 of Ti, Ta, or
the like, for example, is deposited about 0.1 um thick as an
anodizable heat-resistant metal layer, and then an Al thin
film layer 35 is similarly deposited as an anodizable low-
resistance wire layer about 0.3 um thick using an SPT or
other vacuum film depositing equipment in the source-drain
wire formation process. Then, source-drain wire materials
comprising these two thin film layers, the second amorphous
silicon layer 33B, and the first amorphous silicon layer 31B
are successively etched using the photosensitive resin pat-
terns 87A and 87B using micro-fabrication technology to
expose the protective insulating layers 32D and the gate
insulating layer 30A. The drain electrodes 21 of the insu-
lating gate type transistors containing part of the pixel
electrodes 22 and the signal lines 6 doubling as source wires,
both comprising a laminate made of 34A and 35A, are
selectively formed on the gate insulating layer 30A as shown
in FIG. § (d) and FIG. 6(d), and the electrode terminals 5 of
the scan lines containing part of the exposed scan lines 11 in
the openings 63A and the electrode terminals 6 composing
part of the signal lines are formed at the same time as the
formation of the source-wires 12 and 21. Forming photo-
sensitive resin patterns 87A and 87B at this point thicker
than the 1.5-um thickness of 87B (gray-tone region) corre-
sponding to the source-drain wires 12 and 21 and the 3-um
thickness, for example of 87A (black region) on the elec-
trode terminals 5 and 6 using half-tone exposure technology,
is an important feature of Embodiment 3.

[0095] After the source-drain wires 12 and 22 are formed,
the said photosensitive resin patterns 87A and 87B can be
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reduced by at least 1.5 um using oxygen plasma or other
ashing means to eliminate the photosensitive resin patterns
87B, exposing the source-drain wires 12 and 21 as well as
leaving the photosensitive resin patterns 87C unchanged
only on the electrode terminals 5 and 6. At this point, the
source-drain wires 12 and 21 are anodized to form the oxide
layers 68 and 69, and the second amorphous silicon layer 33
and the first amorphous silicon layer 31A exposed on the
bottom side surface of the source-drain wires 12 and 21 are
anodized to form silicon oxide layers (SiO,) 66 and 67,
which are insulating layers, as shown in FIG. 5(e) and FIG.
6(e) using the photosensitive resin patterns 87C as masks
while irradiating light.

[0096] Tt is disclosed in the prior art example that employ-
ing anodization while irradiating light to form anodized
layers with a favorable film quality on the drain wires 21 is
important. In further detail, if adequately powerful light is
irradiated at about 10,000 luxes so the leak current of the
insulating gate-type transistor exceeds LA, a current density
can be obtained to obtain a favorable film quality by
anodizing at about 10 mA/cm? as calculated from the areas
of the drain electrodes 21.

[0097] Alis exposed on source-drain wires 12 and 21, and
a laminate of Al, Ti, the second amorphous silicon layer 33A
and the first amorphous silicon layer 31A is exposed on their
side. Due to anodization, the second amorphous silicon layer
33A transmutes into a silicon oxide layer (SiO,) 66 includ-
ing impurities, the first amorphous silicon layer 31A trans-
mutes into a silicon oxide layer (SiO,) 67 not including
impurities, Ti transmutes into titanium oxide (TiO,) 68,
which is a semiconductor, and Al transmutes into aluminum
oxide (Al,O;), which is an insulating layer. The titanium
oxide layer 68 is not an insulating layer, but it is extremely
thin and the exposed area is small, so passivation is not a
problem, but for the heat-resistant metal thin film layer 34A,
selecting Ta is desirable. Unlike Ti, however, care is needed
with Ta as it has a characteristic of lacking the function to
easily absorb the surface oxide layer of the base material to
make ohmic contact easily.

[0098] For wire passivation, about 0.1 to 0.2 um is
adequate for the thickness of each of the aluminum oxide 69,
titanium oxide 68, and silicon oxide layers 66 and 67, layers
formed with anodization; using a chemical liquid such as
ethylene glycol similarly achieves an applied voltage
exceeding 100 V. A matter for which care is required in the
anodization of the source-drain wires 12 and 21 is that all of
the signal wires 12 need to be formed in parallel or series
electrically, though this is not illustrated, and it goes without
saying that if this parallel or series configuration is not
undone at some point in the subsequent manufacturing
processes, trouble will occur not only in the electrical test of
the active substrate 2 but in the actual operation of the
resulting liquid crystal display device. Removal means using
transpiration by laser light irradiation or mechanical exci-
sion by scribing are simple, and so a detailed explanation is
omitted here.

[0099] After the anodization is complete, the photosensi-
tive resin patterns 87C are removed, exposing the electrode
terminals 5 and 6 comprising a low-resistance metal layer as
shown in FIGS. 5(f) and 6(f). If the limitations of the
resistance value are not strict, the construction of the source-
drain wires 12 and 21 may be simplified by using a single
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layer of anodizable Ta. The active substrate 2 thus obtained
and a color filter 9 is attached together to form a liquid
crystal panel, thereby completing Embodiment 3 of the
present invention. The construction of the storage capacitor
15 is identical to that in Embodiment 1. Because the
intervals between the electrode terminals 5 of the scan lines
and the electrode terminals 6 of the signal lines are con-
nected with the short lines 40, thin anodized layers are
formed in the sides of the electrode terminals 5 of the scan
lines 11.

[0100] Because the pixel electrodes 22 electrically con-
nected with the drain electrodes 21 are exposed when the
source-drain wires 12 and 21, the second amorphous silicon
layer 33A, and the first amorphous silicon layer 31A are
anodized, the pixel electrodes 22 are also anodized at the
same time. The resistance value may increase due to the
nature of the transparent conductive layer composing the
pixel electrodes 22, in which case it is necessary to arbi-
trarily change the film depositing conditions of the trans-
parent conductive layer to make up for the lack of oxygen,
though the transparency of the transparent conductive layer
will not decrease in anodization. Electrical currents for
anodizing the drain electrodes 21 and the pixel electrodes 22
are provided through the channels of insulating gate-type
transistors but a large formation current and long formation
period is required because of the large area of the pixel
electrodes 22. Regardless of the strength of the light irradi-
ated, the resistance of the channel parts hinder the formation
of the anodized layer, and it is a problem that the formation
of the anodized layer is difficult on the capacitor electrodes
72 and the drain electrodes 21 equivalent in thickness and
film quality to the signal lines 12 only having recourse to
lengthening the formation period of the anodized layers.
Nevertheless, even if the anodized layers formed on the
drain wires 21 are somewhat incomplete, the reliability
obtained will generally not hinder practical use. The reason
for this is that the drive signal applied to the liquid crystal
cells is basically an alternating current, as described above,
and because the voltage of the opposing electrode 14 is
adjusted (to decrease flickering) during the image testing
such that the direct voltage component between the pixel
electrodes 22 (the drain electrodes 21) and the opposing
electrode 14 decrease, an insulating layers may be formed
only on the signal lines 12 such that the direct current
component does not flow.

[0101] By changing the design of the pattern for forming
the signal lines 12 containing part of the transparent con-
ductive electrode terminals 6A of the signal lines 12 without
forming metal electrode terminals 5 on the transparent
conductive electrode terminals 5A of the scan lines, elec-
trode terminals 5A and 6A comprising a transparent con-
ductive layer can be obtained in place of the electrode
terminals 5 and 6 comprising the source-drain wire material
as shown in FIGS. 5(f) and 6(f) similarly as in Embodiment
1; even if the component material of electrode terminals are
changed, the construction of the device will not be altered in
the image display area. In this case, half-tone exposure
technology is not needed in the formation of the photosen-
sitive resin patterns to form the source-drain wires 12 and
21, but a care is needed in increasing the resistance values
of the transparent conductive layers SA and 6A.

[0102] In the liquid crystal display device described
above, an active substrate 2 is formed in the sequence of
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forming scan lines and pseudo-pixel electrodes, forming
etch-stop layers, forming contacts, and forming source-drain
wires, but even if the formation order of the etch-stop layers
and contacts is reversed, it is possible to obtain an active
substrate 2 nearly equivalent as is described in the embodi-
ment below.

Embodiment 4

[0103] In Embodiment 4, the manufacturing process pro-
ceeds nearly identically to that in Embodiment 1 up to where
three thin film layers comprising a first SiNx layer 30
composing a gate insulating layer, a first amorphous silicon
layer 31 composing an insulating gate-type transistor chan-
nel including hardly any impurities, and a second SiNx layer
32 composing an insulating layer for protecting the channel
are successively deposited about 0.2, 0.05 and 0.1 pm thick,
for example, respectively using a PCVD equipment. Here,
the first SiNx layer may be formed also thinner than con-
ventionally formed such that the gate insulating layer com-
prising a laminate of a plasma protective layer 71 and a first
SiNx layer 30.

[0104] Continuing, photosensitive resin patterns are used
with micro-fabrication technology to form openings 74 on
the pseudo-pixel electrodes 93, openings 63A and 64A on
the pseudo-electrode terminals 94 and 95 outside the display
region area, and to successively etch the second SiN, layer
32, the first amorphous silicon layer 31, the gate insulating
layer 30 and the plasma protective layer 71 and then the first
metal layers 92A to 92C in the respective openings as shown
in FIG. 7(b) and FIG. 8(b); the transparent conductive layers
91A of the pseudo-electrode terminals 94 are exposed to
make electrode terminals 5A of the scan lines, and similarly
the transparent conductive layers 91C of the pseudo-elec-
trode terminals 95 are exposed to make electrode terminals
6A of the signal lines, and the transparent conductive layers
91B of the pseudo-pixel electrodes 93 are exposed to make
pixel electrodes 22.

[0105] Continuing, the second SiNx layer 32A is selec-
tively etched using a photosensitive resin pattern with
micro-fabrication technology to make second SiNx layers
32D (protective insulating layers) whose pattern width is
narrower than the gate electrode 11 A and to expose the first
amorphous silicon layer 31B as shown in FIGS. 7(¢) and
8(c).

[0106] Next, a second amorphous silicon layer 33 includ-
ing phosphorous, for example, as an impurity is deposited
about 0.05 um thick, for example, over the entire surface of
the glass substrate 2 using a PCVD equipment, then a thin
film layer 34 of Ti, Cr, Mo, or the like, for example, is
deposited as a heat-resistant layer about 0.1 um thick and an
Al thin film layer 35 is then deposited as a low-resistant wire
layer about 0.3 um thick using an SPT or other vacuum film
depositing equipment. Then, the source-drain wire materials
comprising these two thin film layers, the second amorphous
silicon layer 33, and the first amorphous silicon layer 31B
are successively etched using the photosensitive organic
insulating layer patterns 85 using micro-fabrication technol-
ogy to expose the protective insulating layers 32D and the
gate insulating layer 30A as shown in FIG. 7 (d) and FIG. 8
(d), and drain electrodes 21 of the insulating gate-type
transistors containing part of the pixel electrodes 22 and the
signal lines 12 doubling as source electrodes and containing
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part of the electrode terminals 6A, both comprising a lami-
nate made of 34A and 35A, are selectively formed. The
manufacturing process of the active substrate 2 is thereby
ended without removing the photosensitive organic insulat-
ing layer patterns 85.

[0107] The active substrate 2 thus obtained and a color
filter 9 is attached together to form a liquid crystal panel,
thereby completing Embodiment 4 of the present invention.
The construction of the storage capacitor 15 is exemplified
in FIG. 7(d) (a right-slanting oblique portion 52) where a
protruding part provided at the scan line 11 in the upper pixel
and the capacitor electrode 72 formed containing part of the
pixel electrode 22 at the same time as the source-drain wires
12 and 21 are overlaid in a planar fashion via the plasma
protective layer 71A, the gate insulating layer 30A, the first
amorphous silicon layer 31E, and the second amorphous
silicon layer 33E (all of which are not illustrated), identical
to Embodiment 1.

[0108] In this manner, limitations in the construction of
the device, in which both the electrode terminals of the scan
lines and the signal lines are transparent conductive layers,
arise in Embodiment 4, though those limitations may be
overcome in the device and process as in Embodiment 2 as
explained in Embodiment 5.

Embodiment 5

[0109] In Embodiment 5, the process proceeds nearly
identically to that in Embodiment 4 up to the formation
process of the protective insulating layers 32D as shown in
FIG. 9(c) and FIG. 10(c). Because of the reason described
below, the pseudo-electrode terminals 95 are not necessarily
required. A thin film layer 34 of Ti, Ta, or the like, for
example, is deposited about 0.1 um thick as a heat-resistant
metal layer, and then an Al thin film layer 35 is subsequently
deposited as a low resistance wire layer about 0.3 um thick
using an SPT or other vacuum film depositing equipment in
the source-drain wire formation process. Then, the source-
drain wire materials comprising these two thin film layers,
the second amorphous silicon layer 33, and the first amor-
phous silicon layer 31B are successively etched using the
photosensitive organic insulating layer patterns 86A and
86B with micro-fabrication technology to expose the pro-
tective insulating layers 32D and the gate insulating layer
30A as shown in FIG. 9(d) and FIG. 10(d). Drain electrodes
21 of the insulating gate-type transistors containing part of
the pixel electrodes 22 and the signal lines 12 doubling as
source wires, both comprising a laminate made of 34A and
35A, are selectively formed. Electrode terminals 5 of the
scan lines containing part SA of the exposed scan lines and
electrode terminals 6 composing part of the signal lines are
formed at the same time at the same time as the formation
of the source-drain wires 12 and 21.

[0110] Forming photosensitive organic insulating layer
patterns 86A and 86B at this point thicker than the 1.5-um
thickness of 86B on the drain electrodes 21, the electrode
terminals 5 and 6 and the capacitor electrodes 72, and the
3-um thickness, for example of 86A on the signal lines 12
using half-tone exposure technology is an important feature
of Embodiment 4 similarly as in Embodiment 2.

[0111] After the source-drain wires 12 and 21 are formed,
the said photosensitive organic insulating layer patterns 86A
and 86B are reduced by at least 1.5 pm using oxygen plasma
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or other ashing means to eliminate the photosensitive
organic insulating layer patterns 86B, exposing the drain
electrodes 21, the electrode terminals 5 and 6 and the
capacitor electrodes 72, and leaving the photosensitive
organic insulating layer patterns 86C unchanged only on the
signal lines 12 as shown in FIG. 9(e) and FIG. 10(e). The
manufacturing process of the active substrate 2 is thereby
ended without removing the photosensitive organic insulat-
ing layer patterns 86C.

[0112] The active substrate 2 thus obtained and a color
filter 9 is attached together to form a liquid crystal panel,
thereby completing Embodiment 5 of the present invention.
The construction of the storage capacitor 15 is identical to
that in Embodiment 4.

[0113] By changing the design of the pattern for forming
the signal lines 12 containing part of the transparent con-
ductive electrode terminals 6 A of the signal lines 12 without
forming metal electrode terminals 5 on the transparent
conductive electrode terminals 5A of the scan lines as shown
in FIG. 9(f) and FIG. 10(f), electrode terminals 5A and 6A
comprising a transparent conductive layer can be made in
place of electrode terminals 5 and 6 comprising the source-
drain wire material similarly as in Embodiment 4.

[0114] The manufacturing processes are decreased by
selectively forming organic insulating layers in this manner
only on the source-drain wires or only on the source wires
(signal lines) in Embodiment 4 and Embodiment 5, but the
thickness of the organic insulating layer is 1 pm or thicker,
so passivation technology is provided in place of an organic
insulating layer by added a minimum number of processes
in Embodiment 6 to avoid problems due to level differences.

Embodiment 6

[0115] InEmbodiment 6, a process nearly identical to that
in Embodiment 5 is carried out until openings 63A are
formed on part of the scan lines 11 outside the image display
area to expose the scan lines 11 as shown in FIG. 11 (¢) and
FIG. 12 (¢). Continuing, a thin film layer 34 of Ti, Ta, or the
like, for example, is deposited about 0.1 um thick as an
anodizable heat-resistant metal layer, and then an Al thin
film layer 35 is similarly deposited as an anodizable low
resistance wire layer about 0.3 um thick using an SPT or
other vacuum film depositing equipment in the source-drain
wire formation process. Then, source-drain wire materials
comprising these two thin film layers, the second amorphous
silicon layer 33, and the first amorphous silicon layer 31B
are successively etched using the photosensitive resin pat-
terns 87A and 87B using micro-fabrication technology to
expose the protective insulating layers 32D and the gate
insulating layer 30. Drain electrodes 21 of the insulating
gate-type transistors containing part of the pixel electrodes
22 and signal lines 12 doubling as source wires, both
comprising a laminate made of 34 A and 35A, are selectively
formed on the gate insulating layer 30A as shown in FIG. 11
(d) and FIG. 12(d); and the electrode terminals 5 of the scan
lines containing part of the exposed scan lines 11 in the
openings 63A and the electrode terminals 6 composing part
of the signal lines are formed at the same time as the
formation of the source-drain wires 12 and 21. At this time,
photosensitive resin patterns 87A and 87B are formed with
half-tone exposure technology thicker than the 1.5 pm of the
region 87B corresponding to the source-drain wires 12 and
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21 and the 3 pum thickness, for example, of 87A on the
electrode terminals 5 and 6 as in Embodiment 3.

[0116] When the said photosensitive resin patterns 87A
and 87B are reduced by at least 1.5 um using oxygen plasma
or other ashing means after the source-drain wires 12 and 21
are formed, the reduced photosensitive resin patterns 87C
are left unchanged only on the electrode terminals 5 and 6;
the source-drain wires 12 and 21 are anodized to form oxide
layers 68 and 69, and the second amorphous silicon layer
33A and the first amorphous silicon layer 31A exposed on
the bottom side of the source-drain wires 12 and 21 are
anodized to form silicon oxide layers (SiO,) 66 and 67,
which are insulating layers, using the photosensitive resin
patterns 87C as masks while light is irradiated as shown in
FIGS. 11 (e) and 12 (e).

[0117] After the anodization, the photosensitive resin pat-
terns 87C are removed, exposing the electrode terminals 5
and 6 comprising a low resistance thin film layer as shown
in FIG. 11 (f) and FIG. 12 (f). The active substrate 2 thus
obtained and a color filter 9 is attached together to form a
liquid crystal panel, thereby completing Embodiment 6 of
the present invention. The construction of the storage
capacitor 15 is identical to that in Embodiment 4.

[0118] By changing the design of the pattern for forming
the signal lines 12 containing part of the transparent con-
ductive electrode terminals 6A of the signal line 12 without
forming metal electrode terminals 5 on the transparent
conductive electrode terminals 5A of the scan lines as shown
in FIG. 11 (g) and FIG. 12(g), electrode terminals 5A and 6A
comprising a transparent conductive layer can be made in
place of the electrode terminals 5 and 6 comprising the
source-drain wire material as in Embodiment 4. In this case,
half-tone exposure technology is not needed in the formation
of the photosensitive resin patterns to form the source-drain
wires 12 and 21, but a care is needed in increasing the
resistance values of the transparent conductive layers SA and
6A.

[0119] The number of processes is decreased for selective
passivation formation (using half-tone exposure technology)
of the source-drain wires by forming photosensitive organic
insulating layers or anodized layers on the source-drain
wires in this manner in the liquid crystal display device
described in Embodiment 1 to Embodiment 6, but in the
embodiment below, half-tone exposure technology is
applied to the formation process of the etch-stop layers
(protective insulating layers) and the formation process of
the contacts (openings) to further reduce the number of
processes.

Embodiment 7

[0120] Embodiment 7 of the present invention is explained
below. In Embodiment 7, first, Cr, Ta, Mo, or the like, or an
alloy or a silicide thereof is deposited as a first metal layer
about 0.1 to 0.3 um thick over the main surface of the glass
substrate 2 using an SPT or other vacuum film depositing
equipment as shown in FIG. 13(a) and FIG. 14(a), and scan
lines 11 doubling as gate electrodes 11A and storage capaci-
tor lines 16 are selectively formed using micro-fabrication
technology.

[0121] Next, three thin film layers comprising a first SiN,
layer 30 composing a gate insulating layer, a first amorphous
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silicon layer 31 composing an channel of an insulating
gate-type transistor including hardly any impurities, and a
second SiN, layer 32 composing an insulating layer for
protecting the channel, are successively deposited about 0.3,
0.05, and 0.1 um thick, for example, over the entire surface
of the glass substrate 2 using a PCVD equipment. Then,
having openings 63A on the scan lines 11 and openings 65A
on the storage capacitor lines 16 outside an image display
area; photosensitive resin patterns 82A and 82B are formed
with half-tone exposure technology thicker than the 2-pm
thickness, for example, of the protective insulating layer
formation region, that is, the region 82A above the gate
electrode 11A and the 1-um thickness of the other region
82B; and the second SiN, layer 32, the first amorphous
silicon layer 31 and the first SiN, layer 30 in the openings
63A and 65A are selectively removed using the photosen-
sitive resin pattern 82A and 82B as masks to expose part of
the scan lines 11 and part of the storage capacitor lines 16
respectively. Because the electrode terminal of the scan lines
11 is about half the electrode pitch of the driver LSI at the
most, and normally larger than 20 pm, producing the pho-
tomask and controlling the finishing dimensions are
extremely easy for forming the openings 63A and 65A
(white regions).

[0122] Continuing, by reducing the said photosensitive
resin patterns 82A and 82B by 1 pm or more using oxygen
plasma or other ashing means, the photosensitive resin
patterns 82B can be eliminated, exposing second SiNx layer
32 and leaving the photosensitive resin patterns 82C left
unchanged on only the protective insulating layer formation
regions above the gate electrodes 11A as shown in FIGS.
13(c) and 14(c). In the said oxygen plasma treatment, it is
desirable to suppress change in the pattern dimensions by
strengthening the anisotropy, though it is not necessary if the
pattern accuracy is low. The width of the photosensitive
resin pattern 82C, that is, the etch-stop layer, is the sum of
the photo-mask alignment accuracy and the length between
the source-drain wires, so if the interval between the source
wire and the drain wire is 4 to 6 um and the alignment
accuracy is +3 pm, then it becomes 10 to 12 um, and not a
strict condition for dimension accuracy. If the resist pattern
is isotropically reduced 1 um during the conversion from the
resist pattern 82A to 82C, however, not only does the
dimension decrease 2 um, but the mask alignment accuracy
decreases 1 um to +2 um during the source-drain wires
formation, with the effects of the latter more strict in terms
of process than the former. In the said oxygen plasma
treatment, it is therefore desirable to suppress change in the
pattern dimensions by increasing the anisotropy. In further
detail, RIE oxygen plasma treatment is desirable, and ICP or
TCP oxygen plasma treatment having a high-density plasma
source is even more desirable. Alternatively, measures such
as providing for a process-based approach of designing
beforehand the pattern dimension of the resist patterns 82A
larger, anticipating the amount of dimension change in the
resist pattern, are desirable.

[0123] Continuing, the second SiNx layer 32 is selectively
etched finer than the gate electrodes 11A using the photo-
sensitive resin patterns 82C as masks to make protective
insulating layers 32D and expose the first amorphous silicon
layer 31 as shown in FIGS. 13(d) and 14(d). The size of the
protective insulating layer formation region, that is the
photosensitive resin pattern 82C (the black region), is 10 pm
at minimum. It should be understood that not only is it easy
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to produce a photomask for making the regions outside the
white and black regions half-tone exposure regions, but that
what determines the on current of the insulating gate-type
transistor is the dimension of the channel protective insu-
lating layer 32D, not the dimension of the interval between
the source-drain wires 12 and 21, so process control is made
yet easier than with a channel etch-type insulating gate
transistor. In further detail, the length of the interval between
the source-drain wires interval is 5+1 um with the channel
etch-type, but with the etch stop-type the length of the
protective insulating layer is 101 um, roughly halving the
on current fluctuation under identical developing conditions.
At this point, part of the exposed scan lines 11 are exposed
with an etching gas or a chemical solution, so care is needed
in the reduction of part of the scan lines 11 depending on its
material, but even if Al alloy is exposed, it is easy to avoid
oxidation effects by selecting Ti for the bottommost layer as
the source-drain wiring material. As described in the prior
art example, if a laminate made of Ti/Al/Ti, for example, is
used for the scan lines 11, a production method may be
employed where the Al is removed to expose the bottom Ti
layer even if the top Ti layer has been eliminated.

[0124] After removing the said photosensitive resin pat-
terns 82C, a second amorphous silicon layer 33 including
phosphorous, for example, as an impurity is deposited over
the entire surface of the glass substrate 2 using a PCVD
equipment. Then, a thin film layer of Ti, Ta, or the like, for
example, is deposited as an anodizable heat-resistant metal
layer about 0.1 pum thick, an Al thin film layer 35 is deposited
similarly as an anodizable low-resistant wiring layer about
0.3 pm thick, and then a Ta or other such thin film layer 36
is similarly deposited as an anodizable intermediate conduc-
tive layer about 0.1 pm thick using an SPT or other vacuum
film depositing equipment.

[0125] Then, the source-drain wire materials comprising
these three thin film layers, the second amorphous silicon
layer 33, and the first amorphous silicon layer 31 are
successively etched using photosensitive resin patterns
using micro-fabrication technology to expose the protective
insulating layers 32D and the gate insulating layer 30, and
drain electrodes 21 of the insulating gate-type transistors and
the signal lines 12 doubling as source wires, comprising a
laminate made of 34A, 35A, and 36A, are selectively formed
as shown in FIG. 13 (e) and FIG. 14(e). Electrode terminals
5 of the scan lines containing part of the scan lines are
formed at the same time as the formation of the source-drain
wires 12 and 21, but electrode terminals need not be formed
at this point as illustrated depending on the material of the
source-drain wires.

[0126] After the formation of the source-drain wires 12
and 21, ITO, for example, is deposited as a transparent
conductive layer about 0.1 to 0.2 pm thick using an SPT or
other vacuum film depositing equipment over the entire
surface of the glass substrate 2, and pixel electrodes 22 are
selectively formed on part of the drain electrodes 21 and on
the gate insulating layer 30 using micro-fabrication technol-
ogy as shown in FIG. 13(f) and FIG. 14(f). Transparent
conductive layer patterns are formed on the exposed parts 5
(or the electrode terminals) of the scan lines and on the
signal lines 12 outside the image display area, making
transparent conductive electrode terminals 5A and 6A
respectively Transparent conductive short lines 40 are pro-
vided similar to in the prior art example, and by forming the
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interval between the electrode terminals 5A and 6A and the
short lines 40 into a long, narrow stripe form, high resistance
may be provided as a countermeasure against static elec-
tricity.

[0127] Continuing, source-drain wires 12 and 21 are anod-
ized while irradiating light to form oxide layer on their
surfaces using the photosensitive resin patterns 83 used in
the selective pattern formation of the pixel electrodes 22 as
masks as shown in FIG. 13(g) and FIG. 14(g). Ta is exposed
on the top surface of the source-drain wires 12 and 21, and
the laminate made of Ta, Al, Ti, the second amorphous
silicon layer 33A, and the first amorphous silicon layer 31A
is exposed on the side surface. Through anodization, the
second amorphous silicon layer 33A is transmuted to a
silicon oxide layer (SiOx) 66 including impurities, the first
amorphous silicon layer 31A is transmuted into a silicon
oxide layer (SiO,) 67 not including impurities, Ti is trans-
muted into titanium oxide (TiO,), 68 which is a semicon-
ductor, Al is transmuted into aluminum oxide (Al,O;) 69,
which is an insulating layer, and Ta is transmuted into
tantalum pentoxide (Ta,O5) 70, which is an insulating layer.

[0128] The reason for covering the pixel electrodes 22
with the photosensitive resin patterns 83 is not only so
anodization of the pixel electrodes 22 is unnecessary, but so
that the formation current flowing in the drain electrode 21
through the insulating gate type transistor is not maintained
higher than necessary.

[0129] Atthe end, the said photosensitive resin patterns 83
are removed to complete the active substrate 2 as shown in
FIG. 13(h) and FIG. 14(%). The active substrate 2 thus
obtained and a color filter 9 is attached together to form a
liquid crystal panel, thereby completing Embodiment 7 of
the present invention. The composition of the storage
capacitor 15 is exemplified by a construction where the pixel
electrode 22 and the storage capacitor line 16 are overlaid in
a planar fashion (a right-slanting oblique portion 51) via the
gate insulating layer 30.

[0130] InEmbodiment 7, half-tone exposure technology is
applied to layers with such a low pattern accuracy, as the
formation process of the contacts on the scan lines, and as
the formation process of the protective insulating layers to
reduce the number of photographic etching processes and
produce an active substrate with four photomasks, but by
coordinating streamlined technology where the formation of
the pixel electrode and the scan line with one photomask as
in Embodiment 1 to Embodiment 6, the number of processes
can be further reduced, making it possible to produce an
active substrate with three photomasks, which is described
in Embodiment 8 to Embodiment 10.

Embodiment 8

[0131] InEmbodiment 8, first, ITO, for example, is depos-
ited as a transparent conductive layer 91 about 0.1 to 0.2 um
thick, and a first metal layer 92 is deposited about 0.1 to 0.3
um thick on the main surface of a glass substrate 2 using an
SPT or other vacuum film depositing equipment as in
Embodiment 1, and scan lines 11 doubling as gate electrodes
11A, pseudo-electrode terminals 94, which are part of the
scan lines, pseudo-pixel electrodes 93, and pseudo-electrode
terminals 95 of the signal lines are selectively formed as
shown in FIG. 15(a) and FIG. 16(a).
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[0132] Next, a transparent insulating layer, for example,
TaOx or SiO, composing a plasma protective layer, is
deposited about 0.1 pum thick over the entire surface of the
glass substrate 2, and three thin film layers comprising a first
SiN,, layer 30 composing a gate insulating layer, a first
amorphous silicon layer 31 composing a insulating gate-type
transistor channel and including hardly any impurities, and
a second SiN, layer 32 composing an insulating layer for
protecting the channel are successively deposited about 0.2,
0.05, and 0.1 pum thick, for example, using a PCVD equip-
ment. Photosensitive resin patterns 84A and 84B having
openings 74 on the pseudo-electrode terminals 93, openings
63A on the pseudo-electrode terminals 94 of the scan lines
11 and openings 65A on the pseudo-electrode terminals 95
outside the image display area, are formed with half-tone
exposure technology thicker than the 2-pum thickness, for
example, of the protective insulating layer formation region,
that is, the region 84 A above the gate electrode 11A, and the
1-um thickness of the other region 84B. Then, the second
SiN_layer 32, the first amorphous silicon layer 31, the gate
insulating layer 30, and the plasma protective layer 71 are
successively etched in the said openings as well as the first
metal layers 92A to 92C as shown in FIG. 15(4) and FIG.
16(b) using the photosensitive resin patterns 84A and 84B as
masks. The transparent conductive layers 91A of the pseudo-
electrode terminals 94 are exposed to make electrode ter-
minals SA for the scan lines, the transparent conductive
layers 91C of the pseudo-electrode terminals 95 are simi-
larly exposed to make electrode terminals 6A of the signal
lines, and the transparent conductive layers 91B of the
pseudo-pixel electrodes 93 are exposed to make pixel elec-
trodes 22.

[0133] Continuing, by reducing the said photosensitive
resin patterns 84A and 84B by 1 um or more using oxygen
plasma or other ashing means, the photosensitive resin
patterns 84B can be eliminated to expose the second SiNx
layer 32B and leave the reduced photosensitive resin pat-
terns 84C unchanged only on the protective insulating layer
formation regions above the gate electrodes 11 A as shown in
FIGS. 15(¢) and 16(c). Then, the second SiNx layer 32B is
selectively etched using the photosensitive resin patterns
84C, whose film thickness has been reduced, as masks to
make protective insulating layers 32D with narrower pat-
terns than the gate electrodes 11A and expose the first
amorphous silicon layer 31B as shown in FIGS. 15(d) and
16(d).

[0134] Continuing, after removing the said photosensitive
resin patterns 84C, a second amorphous silicon layer 33
including phosphorous, for example, as an impurity is
deposited 0.05 pm thick over the entire surface of the glass
substrate 2 using a PCVD equipment. Then, a thin film layer
of Ti, Ta, or the like, for example, is deposited as a
heat-resistant metal layer about 0.1 um thick, and an Al thin
film layer 35 is subsequently deposited as a low-resistance
wiring layer about 0.3 pum thick using an SPT or other
vacuum film depositing equipment. Then, source-drain wire
material comprising these two thin film layers, the second
amorphous silicon layer 33, and the first amorphous silicon
layer 31B are successively etched using the photosensitive
organic insulating layer patterns 85 using micro-fabrication
technology to expose the protective insulating layers 32D
and the gate insulating layer 30A. Drain electrode 21 of the
insulating gate-type transistors containing part of the pixel
electrodes 22 and the signal lines 12 doubling as source
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electrodes and containing part of the electrode terminals 6A
of the signal lines, both comprising a laminate made of 34 A
and 35A, are selectively formed FIG. 15 (e) and FIG. 16(e).

[0135] The active substrate 2 thus obtained and a color
filter 9 is attached together to form a liquid crystal panel,
thereby completing Embodiment 8 of the present invention.
The construction of the storage capacitor 15 is exemplified
in FIG. 15(e) (a right-slanting oblique portion 52) where
protruding part provided at the scan line 11 in the upper pixel
and the capacitor electrode 72 formed containing part of the
pixel electrode 22 at the same time as the source-drain wires
12 and 21 are overlaid in a planar fashion via the plasma
protective layer 71A, the gate insulating layer 30A, the first
amorphous silicon layer 31E, and the second amorphous
silicon layer 33E (all of which are not illustrated), identical
to Embodiment 1.

[0136] In this manner, limitations in the construction of
the device, in which both the electrode terminals of the scan
the signal line are transparent conductive layers, arise in
Embodiment 8, though those limitations may be overcome
in the device and process as is explained in Embodiment 9
and Embodiment 10.

Embodiment 9

[0137] The process proceeds in Embodiment 9 nearly
identically to that in Embodiment 8 up to the formation
process of the contacts and the formation process of the
protective insulating layers as shown in FIG. 17(d) and FIG.
18(d). Because of the reason described below, the pseudo-
electrode terminals 95 are not necessarily required. Then,
the said photosensitive resin patterns 84C are removed, and
the second amorphous silicon layer 33 including phospho-
rous, for example, as an impurity is deposited over the entire
surface of the glass substrate 2 using a PCVD equipment.
Next, a thin film layer 34 of Ti, Ta, or the like, for example,
is deposited as a heat resistant metal layer about 0.1 um
thick, and an Al thin film layer 35 is deposited subsequently
as a low-resistance metal layer about 0.3 pum thick using an
SPT or other vacuum film depositing equipment in the
source-drain wire formation process. Then, source-drain
wire materials comprising these two thin film layers, the
second amorphous silicon layer 33, and the first amorphous
silicon layer 31B are successively etched using the photo-
sensitive organic insulating layer patterns 86A and 86B
using micro-fabrication technology to expose the protective
insulating layers 32D and the gate insulating layer 30A as in
Embodiment 2 and Embodiment 5. Drain electrodes 21 of
the insulating gate-type transistors containing part of the
pixel electrodes 22 and signal lines 12 doubling as source
wires, both comprising a laminate made of 34A and 35A, are
selectively formed; and the electrode terminals 5 of the scan
lines containing part SA of the exposed scan lines and the
electrode terminals 6 composing part of the signal lines, are
formed at the same time as the formation of the source-drain
wires 12 and 21 as shown in FIG. 17(e) and FIG. 18(e). In
further detail, the pseudo-electrode terminals 95 as used in
Embodiment 8 are not necessarily required.

[0138] The said photosensitive organic insulating layer
patterns 86A and 86B can be reduced by at least 1.5 pm
using oxygen plasma or other ashing means after the source-
drain wires 12 and 21 are formed to eliminate the photo-
sensitive organic insulating layer patterns 86B, thereby
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exposing the electrode terminals 5 and 6 and the drain
electrodes 21, and leaving the reduced photosensitive
organic insulating layer patterns 86C unchanged on only the
signal lines 12 as shown in FIG. 17(f) and FIG. 18(f); but it
is desirable to increase the anisotropicity, suppressing
changes in the pattern dimension as the reliability decreases
when the top surface of the signal line 12 is exposed due to
narrowing of the width of the photosensitive organic insu-
lating layer patterns 86C in the said plasma treatment.

[0139] The active substrate 2 thus obtained and a color
filter 9 is attached together to form a liquid crystal panel,
thereby completing Embodiment 9 of the present invention.
The construction of the storage capacitor 15 is identical to
that in Embodiment 8. Making the shape of the transparent
conductive layer pattern connecting the transparent conduc-
tive pattern SA which is part of the scan line, and the
transparent conductive pattern 6A formed below the signal
line 12 to the short wire 40 long and narrow makes may
compose a high-resistance line as a countermeasure against
static electricity.

[0140] By changing the design of the pattern for forming
the signal lines 12 containing part of the transparent con-
ductive electrode terminals 6 A of the signal line 12 without
forming metal electrode terminals 5 on the transparent
conductive electrode terminals SA of the scan lines as shown
in FIG. 17(g) and FIG. 18(g); electrode terminals 5A and 6A
comprising a transparent conductive layer can be made in
place of the electrode terminals 5 and 6 comprising the
source-drain wire material similarly as in Embodiment 8.
The construction of the device will not be altered in the
image display part even if the component material of elec-
trode terminals is changed.

[0141] In Embodiment 8 and Embodiment 9 of the present
invention, the reduction of the number of manufacturing
processes proceeds by forming organic insulating layers
only on the source-drain wires or only on the signal lines, but
the thickness of the organic insulating layer is 1 pm or more,
so passivation technology is provided in Embodiment 10
instead of an organic insulating layer by adding a minimum
number of processes to avoid the problem caused by level
differences.

Embodiment 10

[0142] The process proceeds in Embodiment 10 nearly
identically to that in Embodiment 9 up to the formation
process of the contacts and the formation process of the
protective insulating layers as shown in FIG. 19(d) and FIG.
20(d). After removing the said photosensitive resin patterns
84C, a second amorphous silicon layer 33 including phos-
phorous, for example, as an impurity is deposited over the
entire surface of the glass substrate 2 using a PCVD equip-
ment. Then, a thin film layer 34 of Ti, Ta, or the like, for
example, is deposited as an anodizable heat-resistant metal
layer about 0.1 um thick, and an Al thin film layer 35 is
deposited similarly as an anodizable low-resistance metal
layer about 0.3 um thick in the source-drain wires formation
process. Then, source-drain wire material comprising these
two thin film layers, the second amorphous silicon layer 33,
and the first amorphous silicon layer 31B are successively
etched using the photosensitive resin patterns 87A and 87B
using micro-fabrication technology to expose the protective
insulating layers 32D and the gate insulating layer 30A
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similar to in Embodiment 3 and Embodiment 6. Drain
electrodes 21 of the insulating gate-type transistors contain-
ing part of the pixel electrodes 22 and signal lines 12
doubling as source wires, both comprising a laminate made
of 34A and 35A, are selectively formed as shown in FIG.
19(e) and FIG. 20(e), and the electrode terminals 5 of the
scan lines containing part SA of the exposed scan lines 11,
and the electrode terminals 6 composing part of the signal
lines are formed at the same time as the formation of the
source-drain wires 12 and 21.

[0143] After the source-drain wires 12 and 22 are formed,
the said photosensitive resin patterns 87A and 87B can be
reduced by at least 1.5 um using oxygen plasma or other
ashing means to eliminate the photosensitive resin patterns
87B, exposing the source-drain wires 12 and 21 and the
capacitor electrodes 72 as well as leaving the reduced
photosensitive resin patterns 87C unchanged only on the
electrode terminals 5 and 6. Then, the source-drain wires 12
and 21 are anodized to form the oxide layers 68 and 69, and
the second amorphous silicon layer 33A and the first amor-
phous silicon layer 31 A exposed on the bottom surface of the
source-drain wires 12 and 21 are anodized to form silicon
oxide layers (SiO,) 66 and 67, which are insulating layers,
as shown in FIG. 19(f) and FIG. 20(f) using the photosen-
sitive resin patterns 87C as masks while irradiating light.

[0144] After the anodization is complete, the photosensi-
tive resin patterns 87C are removed, exposing the electrode
terminals 5 and 6 comprising the low-resistance thin film
layer and having anodized layers in the sides as shown in
FIG. 19(g) and FIG. 20(g). Anodizing current flows in the
sides of the electrode terminals 5 of the scan lines through
high-resistance short lines 91C for a static electricity coun-
termeasure, so it should be understood that the thicknesses
of the insulating layers formed in the sides are thinner than
the electrode terminals 6 of the signal lines. The active
substrate 2 thus obtained and a color filter 9 is attached
together to form a liquid crystal panel, thereby completing
Embodiment 10 of the present invention. The construction
of the storage capacitor is identical to that in Embodiment 8.

[0145] By changing the design of the pattern for forming
the signal lines 12 containing part of the transparent con-
ductive electrode terminals 6 A of the signal lines 12 without
forming metal electrode terminals 5 on the transparent
conductive electrode terminals 5A of the scan lines as shown
in FIG. 19(%) and FIG. 20(%), electrode terminals 5A and 6 A
comprising a transparent conductive layer can be made in
place of the electrode terminals 5 and 6 comprising the
source-drain wire material as in Embodiment 8. In this case,
half-tone exposure technology is not needed in the formation
of the photosensitive resin patterns to form the source-drain
wires 12 and 21, but a care is needed in increasing the
resistance values of the transparent conductive layers 5A and
6A.

[0146] The liquid crystal display device described above
uses TN-type liquid crystal cells, but the process reduction
proposed in the present invention is also effective in IPS
(In-Plain-Switching) type liquid crystal display devices for
controlling the horizontal electric field with a pair of a pixel
electrode and an counter electrode formed with a prescribed
distance apart from the said pixel electrode, so this is
described in the below embodiments.
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Embodiment 11

[0147] In Embodiment 11, first, a first metal layer is
deposited about 0.1 to 0.3 um thick on the main surface of
a glass substrate 2 using an SPT or other vacuum film
depositing equipment, and scan lines 11 doubling as gate
electrodes 11A and counter electrodes 16 doubling as stor-
age capacitance lines are selectively formed using micro-
fabrication technology as shown in FIG. 21 (a) and FIG.
22(a).

[0148] Next, three thin film layers comprising a first SiNx
layer 30 composing a gate insulating layer, a first amorphous
silicon layer 31 composing a channel for an insulating
gate-type transistor and including hardly any impurities, and
a second SiNx layer 32 composing an insulating layer for
protecting the channel are successively deposited about 0.3,
0.05, and 0.1 pum thick, for example, over the entire surface
of the glass substrate 2 using a PCVD equipment. Second
SiNx layers on the gate electrodes 11A are selectively left
narrower than the gate electrodes 11A to make protective
insulating layers 32D using micro-fabrication technology,
exposing a first amorphous silicon layer 31 as shown in FIG.
21(b). Then, a second amorphous silicon layer 33 including
phosphorous, for example, as an impurity is deposited about
0.05 pm thick, for example, over the entire surface of the
glass substrate 2 using a PCVD equipment as shown in FIG.
22(b).

[0149] Continuing, outside the image display area, open-
ings 63 A are formed on the scan lines 11, openings 65A are
formed on the counter electrodes 16 doubling as storage
capacitor lines, and the second amorphous silicon layer 33,
the first amorphous silicon layer 31, and the gate insulating
layer 30 in the openings 63A and 65A are removed to expose
part of the scan lines 11 and part of the counter electrodes 16
as shown in FIG. 21(c) and FIG. 22(c) using micro-fabri-
cation technology.

[0150] A thin film layer 34 of Ti, Ta, or the like, for
example, is deposited about 0.1 um thick as a heat-resistant
metal layer, and an Al thin film layer 35 is subsequently
deposited as a low-resistance metal layer about 0.3 pm thick
using an SPT or other vacuum film depositing equipment
over the entire surface of the glass substrate 2. Then,
source-drain wire material comprising these two thin film
layers, the second amorphous silicon layer 33, and the first
amorphous silicon layer 31 are successively etched using the
photosensitive organic insulating layer patterns 86A and
86B using micro-fabrication technology to expose the pro-
tective insulating layers 32D and the gate insulating layer
30. Drain electrodes 21 of the insulating gate-type transis-
tors doubling as pixel electrodes and signal lines 12 dou-
bling as source wires, both comprising a laminate made of
34A and 35A, are selectively formed on the gate insulating
layer 30 as shown in FIG. 21 (d) and FIG. 22 (d), and the
electrode terminals 5 of the scan lines containing part of the
exposed scan lines in the openings 63A and the electrode
terminals 6 composing part of the signal lines are formed at
the same time as the formation of the source-drain wires 12
and 21. Photosensitive organic insulating layer patterns 86A
and 86B are formed at this point thicker than the 1.5-um
thickness of 86B on the drain electrodes 21 and the electrode
terminals 5 and 6, and the 3-um thickness, for example, of
86A on the signal lines 12 using half-tone exposure tech-
nology similarly as in Embodiment 9.
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[0151] The said photosensitive organic insulating layer
patterns 86A and 86B can be reduced by at least 1.5 pm
using oxygen plasma or other ashing means after the source-
drain wires 12 and 21 are formed to eliminate the photo-
sensitive organic insulating layer patterns 86B, thereby
exposing the drain electrodes 21 and the electrode terminals
5 and 6, and leaving the reduced photosensitive organic
insulating layer patterns 86C unchanged only on the signal
lines 12 as shown in FIGS. 21 (e) and 22(e). As has already
been described, it is desirable to strengthen the anisotropy to
suppress changes in the pattern dimensions such that the
pattern width of the photosensitive organic insulating layers
86C does not become narrow in the said oxygen plasma
treatment.

[0152] The active substrate 2 thus obtained and a color
filter 9 is attached together to form a liquid crystal panel,
thereby completing Embodiment 11 of the present invention.
The necessity of using photosensitive organic insulating
layer with a high heat-resistance including a highly pure
acrylic resin or polyimide resin as the main ingredient, not
an ordinary photosensitive resin having a Novolak-type
resin as the main ingredient for the photosensitive organic
insulating layers 86C, has already been described. The
construction of the storage capacitor 15 is exemplified by a
region 50 (right-slanting oblique part) on which the counter
electrodes (storage capacitor lines) 16 and the pixel elec-
trodes (drain electrodes) 21 are overlaid as shown in FIG.
21(e) via the gate insulating layer 30, the first amorphous
silicon layer 31E, and the second amorphous silicon layer
33E (none of which are illustrated). Although the static
electricity countermeasure and design technology for con-
necting the interval between the electrode terminal 5 of the
scan line and the electrode terminal 6 of the signal line with
a high resistance material is not illustrated in FIG. 21,
openings 63A are provided and a process is provided to
expose part of the scan lines 11, furthermore a transparent
conductive layer is not needed for an IPS-type liquid crystal
display device, so a static electricity countermeasure may be
easily added, constructed with a insulating gate-type tran-
sistor in an “off” state or a long-narrow conductive path
using any of a scan line material, a signal line material, or
a semiconductor layer.

[0153] In Embodiment 11 of the present invention, the
decrease in the number of manufacturing processes proceeds
by selectively forming the organic insulating layers only on
the signal lines, but the organic insulating layer is 1 um or
thicker, so passivation technology is provided in Embodi-
ment 12 instead of the organic insulating layer by adding a
minimum number of processes to avoid problems due to the
level differences.

Embodiment 12

[0154] The process proceeds in Embodiment 12 nearly
identically to that in Embodiment 11 up to where outside the
image display area, openings 63A are formed on the scan
lines 11, openings 65A are formed on the counter electrodes
16 doubling as storage capacitor lines; and the second
amorphous silicon layer 33, the first amorphous silicon layer
31, and the gate insulating layer 30 in the openings 63A and
65A are removed to expose part of the scan lines 11 and part
of the counter electrodes 16 as shown in FIG. 23(c) and FIG.
24(c). Continuing, a thin film layer 34 of Ti, Ta, or the like,
for example, is formed about 0.1 pm thick as an anodizable
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heat-resistant metal layer, and then an Al thin film layer 35
is formed similarly as an anodizable low resistance metal
layer about 0.3 um thick using an SPT or other vacuum film
depositing equipment in the source-drain wire formation
process. Then, source-drain wire material comprising these
two thin film layers, the second amorphous silicon layer 33,
and the first amorphous silicon layer 31 are successively
etched using the photosensitive resin patterns 87A and 87B
using micro-fabrication technology to expose the protective
insulating layers 32D and the gate insulating layer 30. Drain
electrode 21 of the insulating gate-type transistors doubling
pixel electrodes and the signal lines 12 doubling as source
wires, both comprising a laminate made of 34 A and 35A, are
selectively formed on the gate insulating layer 30, and the
electrode terminals 5 of the scan lines containing part of the
exposed scan lines 11 in the openings 63A and the electrode
terminals 6 composing part of the signal lines 12 are formed
at the same time at the same time as the formation of the
source-drain wires 12 and 21 as shown in FIG. 23 (d) and
FIG. 24 (d). At this time, photosensitive resin patterns 87A
and 87B are formed with half-tone exposure technology
thicker than the 1.5 um of the region 87B corresponding to
the source-drain wires 12 and 21 and the 3 um thickness, for
example, of 87A on the electrode terminals 5 and 6 as in
Embodiment 10, and this is an important feature in Embodi-
ment 12.

[0155] After the source-drain wires 12 and 22 are formed,
the said photosensitive resin patterns 87A and 87B can be
reduced by at least 1.5 um using oxygen plasma or other
ashing means to eliminate the photosensitive resin patterns
87B, exposing the source-drain wires 12 and 21 as well as
leaving the reduced photosensitive resin patterns 87C
unchanged only on the electrode terminals 5 and 6. Then, the
source-drain wires 12 and 21 are anodized to form the oxide
layers 68 and 69, and the second amorphous silicon layer
33A and the first amorphous silicon layer 31A exposed on
the bottom side surface of the source-drain wires 12 and 21
are anodized to form silicon oxide layers (SiO,) 66 and 67,
which are insulating layers, as shown in FIG. 23(e) and FIG.
24(e) using the photosensitive resin patterns 87C as masks
while irradiating light.

[0156] After the anodization is complete, the photosensi-
tive resin patterns 87C are removed, exposing the electrode
terminals 5 and 6 comprising a low-resistance metal layer as
shown in FIGS. 23(f) and 24(f). The active substrate 2 thus
obtained and a color filter 9 is attached together to form a
liquid crystal display, thereby completing Embodiment 12 of
the present invention. The construction of the storage
capacitor 15 is identical to that in Embodiment 11.

[0157] By applying half-tone exposure technology in the
formation of the source-drain wires in Embodiment 11 and
Embodiment 12, novel passivation formation is carried out,
and the number of processes is decreased so production of
a liquid crystal display device is realized with four photo-
masks, but by applying half-tone exposure technology to the
formation process of the protective insulating layers and the
formation process of the contacts, it is possible to produce
an IPS-type liquid crystal display device with three photo-
masks, giving an expectation of further decreasing the
number of manufacturing processes. This is described in
Embodiment 13 and Embodiment 14.
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Embodiment 13

[0158] In Embodiment 13, first, a first metal layer about
0.1 to 0.3 pm thick is deposited on the main surface of a
glass substrate 2 using an SPT or other vacuum film depos-
iting device, and scan lines 11 doubling as gate electrodes
11A and counter electrodes 16 are selectively formed with
micro-fabrication technology as shown in FIG. 25(a) and
FIG. 26(a).

[0159] Next, three thin layers comprising a first SiNx layer
30 composing a gate insulating layer, a first amorphous
silicon layer 31 composing a channel of an insulating
gate-type transistor including hardly impurities, and a sec-
ond SiNx layer 32 composing an insulating layer for pro-
tecting the channel are successively deposited about 0.3,
0.05, and 0.1 pum thick, for example, over the entire surface
of the glass substrate 2 using a PCVD equipment. Photo-
sensitive resin patterns 82A and 82B are formed having
openings 63A and 65A on part of the scan lines 11 and part
of the counter electrodes 16 respectively, outside the image
display area with half-tone exposure technology, and so as
to be thicker than the 2-um thickness, for example, of the
protective insulating layer formation region, that is, the
region 82A above the gate electrodes 11A and the 1-um of
the other region 82B. The second SiNx layer 32, the first
amorphous silicon layer 31, and the gate insulating layer 30
in the openings 63A and 65A, are selectively removed to
expose part of the scan line 11 and part of the counter
electrode 16 using the photosensitive resin patterns 82A and
82B as masks as shown in FIG. 25(5) and FIG. 26(5).

[0160] Continuing, by reducing the said photosensitive
resin patterns 82A and 82B by 1 um or more using oxygen
plasma or other ashing means, the photosensitive resin
patterns 82B can be eliminated to expose the second SiNx
layer 32, and leave the reduced photosensitive resin patterns
82C unchanged on only the protective insulating layer
formation regions above the gate electrodes 11 A as shown in
FIGS. 25(c) and 26(c). Then, the second SiNx layer 32 is
selectively etched using the reduced photosensitive resin
patterns 82C as masks to make protective insulating layers
32D narrower than the gate electrodes 11A and expose the
first amorphous silicon layer 31 as shown in FIGS. 25(d) and

26(d).

[0161] Continuing, the said photosensitive resin patterns
82C are removed, and a second amorphous silicon layer 33
including phosphorous, for example, as an impurity is
deposited 0.05 pm thick over the entire surface of the glass
substrate 2 using a PCVD equipment. Then, a thin film layer
34 of Ti, Ta, or the like, for example, is deposited over the
entire surface of the glass substrate 2 as a heat-resistant
metal layer about 0.1 pum thick, and an Al thin film layer 35
is subsequently deposited as a low-resistance wiring layer
about 0.3 um thick using an SPT or other vacuum film
depositing equipment. Then, the source-drain wire material
comprising these two thin film layers, the second amorphous
silicon layer 33, and the first amorphous silicon layer 31 are
successively etched using the photosensitive organic insu-
lating layer patterns 86A and 86B using micro-fabrication
technology to expose the protective insulating layers 32D
and the gate insulating layer 30. Drain electrode 21 of the
insulating gate-type transistors doubling pixel electrodes
and the signal lines 12 doubling as source wires, both
comprising a laminate made of 34 A and 35A, are selectively
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formed on the gate insulating layer 30 as shown in FIG. 25
(e) and FIG. 26(e); the electrode terminals 5 of the scan lines
containing the second amorphous silicon layers 33C near the
openings 63A in addition to the openings 63A, and the
electrode terminals 6 composing part of the signal lines 12
are formed at the same time at the same time as the
formation of the source-drain wires 12 and 21. Photosensi-
tive organic insulating layer patterns 86A and 86B are
formed at this point thicker than the 1.5-pum thickness of 86B
on the drain electrodes 21 and on the electrode terminals 5
and 6, and the 3-um thickness, for example, of 86A on the
signal lines 12 using half-tone exposure technology as in
Embodiment 11.

[0162] After the source-drain wires 12 and 21 are formed,
the said photosensitive resin layer patterns 86 A and 86B are
reduced by at least 1.5 um using oxygen plasma or other
ashing means to eliminate the photosensitive organic insu-
lating layer patterns 86B, exposing the drain electrodes 21,
and the electrode terminals 5 and 6, and leaving the reduced
photosensitive organic insulating layer patterns 86C
unchanged only on the signal lines 12 as shown in FIG. 25()
and FIG. 26().

[0163] The active substrate 2 thus obtained and a color
filter 9 is attached together to form a liquid crystal panel,
thereby completing Embodiment 13 of the present inven-
tion. The construction of the storage capacitor 15 is exem-
plified by a region 50 (right-slanting oblique part) on which
the counter electrode (storage capacitor line) 16 and the
pixel electrode (drain electrode) 21 are overlaid as shown in
FIG. 25(f) via the gate insulating layer 30, the first amor-
phous silicon layer 31E, and the second amorphous silicon
layer 33E (none of which are illustrated) and is identical to
that in Embodiment 11.

[0164] In Embodiment 13 of the present invention, the
decrease in the number of manufacturing processes proceeds
by forming organic insulating layers on the signal lines, but
the organic insulating layer is 1 pm or thicker, so passivation
technology is provided in Embodiment 14 instead of the
organic insulating layer by adding a minimum number of
processes to avoid problems due to level the differences.

Embodiment 14

[0165] In Embodiment 14, the manufacturing process is
carried out nearly identically to that in Embodiment 13 up to
the formation process of the openings 63A and 65A above
the scan lines 11 and the counter electrodes 16 respectively
outside the image display area to expose part of the scan
lines 11 and part of the counter electrodes 16, and to form
the protective insulating layers 32D as shown in FIGS. 27(d)
and 28(d). Continuing, the said photosensitive resin patterns
82C are removed, and a second amorphous silicon layer 33
including phosphorous, for example, as an impurity is
deposited 0.05 pm thick over the entire surface of the glass
substrate 2 using a PCVD equipment. Then, a thin film layer
34 of Ti, Ta, or the like, for example, is deposited as an
anodizable heat-resistant metal layer about 0.1 pm thick, and
an Al thin film layer 35 is subsequently deposited as an
anodizable low-resistance metal layer about 0.3 uM thick
using an SPT or other vacuum film depositing equipment.
Then, source-drain wire material comprising these two thin
film layers, the second amorphous silicon layer 33, and the
first amorphous silicon layer are successively etched using
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the photosensitive resin patterns 87A and 87B using micro-
fabrication technology to expose the protective insulating
layers 32D and the gate insulating layer 30. Drain electrodes
21 of the insulating gate-type transistors doubling pixel
electrodes and signal lines 12 doubling as source wires, both
comprising a laminate made of 34A and 35A, are selectively
formed on the gate insulating layer 30 as shown in FIG.
27(e) and FIG. 28(e), and the electrode terminals 5 of the
scan lines containing the second amorphous silicon layers
33C near the openings 63 A in addition to the openings 63 A,
and the electrode terminals 6 composing part of the signal
lines, are formed at the same time as the formation of the
source-drain wires 12 and 21. At this time, photosensitive
resin patterns 87A and 87B are formed with half-tone
exposure technology thicker than the 1.5 pm of the region
87B on source-drain wires 12 and 21 and the 3 pum thickness,
for example, of 87A on the electrode terminals 5 and 6 as in
Embodiment 12.

[0166] After the source-drain wires 12 and 21 are formed,
the said photosensitive resin patterns 87A and 87B can be
reduced by at least 1.5 um using oxygen plasma or other
ashing means to eliminate the photosensitive resin patterns
87B, exposing the source-drain wires 12 and 21 as well as
leaving the reduced photosensitive resin patterns 87C
unchanged only on the electrode terminals 5 and 6. Then, the
source-drain wires 12 and 21 are anodized to form the oxide
layers 68 and 69, and the first amorphous silicon layer 33A
and the first amorphous silicon layer 31A exposed on the
bottom side surface of the source-drain wires 12 and 21 are
anodized to form silicon oxide layers (SiO,) 66 and 67,
which are insulating layers, as shown in FIG. 27(f) and FIG.
28(f) using the photosensitive resin patterns 87C as masks.

[0167] After the anodization is complete, the photosensi-
tive resin patterns 87C are removed, exposing the electrode
terminals 5 and 6 comprising a low-resistance metal layer as
shown in FIG. 27(g) and FIG. 28(g). The active substrate 2
thus obtained and a color filter 9 is attached together to form
a liquid crystal panel, thereby completing Embodiment 14 of
the present invention. The construction of the storage
capacitor 15 is identical to that in Embodiment 13.

What is claimed is:

1. A bottom gate type insulating gate transistor compris-
ing:

a source wire;

a drain wire;

a protective insulating layer on a channel of the insulating
gate transistor;

a photosensitive organic insulating layer formed on the
source wire; and

an electrically connecting region connected to the source

wire.

2. The insulating gate transistor as in claim 1, wherein the
photosensitive organic insulating layer is further formed on
the drain wire.

3. A bottom gate type insulating gate transistor compris-
ing:

a protective insulating layer on a channel of the insulating
gate transistor;
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an anodizable metal layer formed on source-drain wires of
the insulating gate transistor; and

an electrically connecting region connected to the source

wire.

4. A liquid crystal display device, using an insulating gate
transistor as described in claim 1, in which liquid crystal is
filled between 1) a first insulating substrate in which unit
pixels are arranged in a 2-dimensional matrix on a principal
plane, having at least the insulating gate transistor, a scan
line doubling as a gate electrode and a signal line doubling
as a source wire of the insulating gate transistor, and a pixel
electrode connected to a drain, and 2) a second insulating
substrate or a color filter opposing the first insulating sub-
strate,

wherein the scan line comprises a laminate of a transpar-
ent conductive layer and a first metal layer and the
transparent conductive pixel electrode are formed on
the main surface of the first insulating substrate.

5. The liquid crystal display device as in claim 4, wherein
an opening is defined on the pixel electrode and on part of
the scan line and the signal line outside an image display
area respectively such that the pixel electrode and an elec-
trode terminal of the scan line and the signal line are exposed
in the opening.

6. The liquid crystal display device as in claim 5, wherein
the protective insulating layer is self aligned with the
openings.

7. The liquid crystal display device as in claim 4, wherein
the source wire and the drain wire comprise a laminate of a
second semiconductor layer including impurities and one or
more second metal layers including a heat-resistant metal
layer and are formed on part of the protective insulating
layer and on the first semiconductor layer.

8. The liquid crystal display device as in claim 7, wherein
part of the drain wire comprising the second metal layer is
formed on part of the pixel electrode in an opening.

9. The liquid crystal display device as in claim 7, wherein
an electrode terminal of the scan line comprising the second
metal layer is formed on part of the scan line, and an
electrode terminal of the signal line comprising the second
metal layer is formed on part of the signal line.

10. The liquid crystal display device as in claim 4,
wherein the source wire comprising a laminate of a second
semiconductor layer including impurities and one or more
second metal layers including a heat-resistant metal layer is
formed on part of the protective insulating layer, on the first
semiconductor layer, and on part of an electrode terminal of
the signal line, and the drain wire comprising the laminate
of the second semiconductor layer including impurities and
the one or more second metal layers including the heat-
resistant metal layer is formed on part of the protective
insulating layer, on the first semiconductor layer, and on part
of the pixel electrode in an opening.

11. The liquid crystal display device as in claim 10,
wherein the electrode terminal of the scan line comprising
the laminate of the second semiconductor layer and the
second metal layer is formed on part of the scan line, and the
electrode terminal of the signal line composing part of the
signal line is formed on the signal line.
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12. A liquid crystal display device, using an insulating
gate transistor as described in claim 1, in which liquid
crystal is filled between 1) a first insulating substrate in
which unit pixels are arranged in a 2-dimensional matrix on
a principal plane, having at least the insulating gate transis-
tor, a scan line doubling as a gate electrode and a signal line
doubling as a source wire of the insulating gate transistor, a
pixel electrode connected to a drain, and a counter electrode
formed separated at a prescribed distance from the pixel
electrode, and 2) a second insulating substrate or a color
filter opposing the first transparent insulating substrate,

wherein the scan line and counter electrode, comprising a
first metal layer of one or more layers, are formed on
a main surface of the first insulating substrate,

wherein a first semiconductor layer absent of impurities is
formed in an island form through a gate insulating layer
of one or more layers above the gate electrode; and

wherein the protective insulating layer is formed narrower
than the gate electrode on the first semiconductor layer
above the gate electrode.

13. A liquid crystal display device, using an insulating
gate transistor described in claim 3, in which liquid crystal
is filled between 1) a first insulating substrate in which unit
pixels are arranged in a 2-dimensional matrix on a principal
plane, having at least the insulating gate transistor, a scan
line doubling as a gate electrode and a signal line doubling
as a source wire of the insulating gate, and a pixel electrode
connected to a drain, and 2) a second insulating substrate or
a color filter opposing the first insulating substrate,

wherein the scan line comprises a laminate of a transpar-
ent conductive layer and a first metal layer, and a
transparent conductive pixel electrode is formed on the
main surface of the first insulating substrate.

14. The liquid crystal display device as in claim 13,
wherein an opening is defined on the pixel electrode and on
part of the scan line respectively such that the pixel electrode
and a conductive part of the scan line are exposed in the
respective openings.

15. The liquid crystal display device as in claim 14,
wherein the protective insulating layer is self aligned with
the openings.

16. The liquid crystal display device as in claim 13,
wherein the source wire and the drain wire comprising a
laminate of a second semiconductor layer including impu-
rities and one or more anodizable metal layers including a
heat-resistant metal layer are formed on part of the protec-
tive insulating layer and on a first semiconductor layer.

17. The liquid crystal display device as in claim 13,
further comprising a drain wire, wherein part of the drain
wire comprising an anodizable metal layer is formed on part
of the pixel electrode in an opening.

18. The liquid crystal display device as in claim 13,
wherein an electrode terminal of the scan line comprising an
anodizable metal layer is formed on part of the scan line, and
an electrode terminal of the signal line, which is part of the
signal line, is formed on part of a conductive electrode
terminal of the signal line.
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