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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device with a color image display function, and in particular
1o an active-type liquid crystal display device.

2. Description of Related Art

Televisions and various other image display devices are
being provided on a commercial base that has a liquid crystal
display 5to 50 cm in diagonal length in mass quantity through
the progress in recent years in micro-fabrication, liquid crys-
tal 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 par-
ticular, in a so-called active liquid crystal panel with a switch-
ing element inside each pixel, there is little cross-talk, the
response rateis high, and images with a high contrast ratio are
guaranteed.

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 progress-
ing simultaneously in response to the increase in display
capacity.

FIG. 18 shows a prospective 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
semiconductor integrated-circuit chips 3 for supplying a drive
signal to electrode terminals 5 of the 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 electrode
terminals 6 of the signal lines using pressure and a suitable
adhesive including a conductive medium using, for example,
a thin polyimide-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 conve-
nience, but inactual practice, either method may be arbitrarily
selected.

Wire paths connecting the interval between the pixels in the
image display portion positioned nearly in the center of a
liquid crystal panel 1 and terminals 5 and 6 of the scan line and
the signal line are 7 and 8, and do not necessarily need to be
constructed of the same conductive material as the electrode
terminal groups 5 and 6. 9 is a color filter or an opposing glass
substrate that is another transparent insulating substrate hav-
ing transparent conductive opposing electrodes on its oppos-
ing side, which is common to all the liquid crystal cells.

FIG. 19 shows an equivalent circuit of an active-type liquid
crystal display device with an insulating gate-type transistor
10disposed as a switching element at each pixel. In the figure,
11 (7 in FIG. 18) is a scan line, 12 (8 in FIG. 18) 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 composing the liquid crystal panel 1,
and opposing electrodes 14 drawn with dotted lines common
to all the liquid crystal cells 13 are formed on the main surface
of the other glass substrate 9 opposite the glass substrate 2. If
the off resistance of the insulating gate-type transistor 10 or
the resistance of the liquid crystal cell 13 is low, or if grada-
tion in the displayed image is to be emphasized, circuitry
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2

means 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.

FIG. 20 shows a cross-sectional view of the essential part
ofanimagedisplay part of a liquid crystal display device. The
two glass substrates 2 and 9 composing the liquid crystal
panel 1are formed separated by aspecified distance of several
wm by a spacer material (not illustrated) such as pillar-shaped
resin spacers formed on the color filter 9, or plastic fibers or
beads, and that gap is a closed space, sealed by a sealing
material and a second end sealing material (neither of which
are illustrated) made from an organic resin at the periphery of
the glass substrate 9, and the gap is filled with liquid crystal
17.

To realize a color display, a thin organic film about 1 to 2
pm thick containing 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
color filter (abbreviated as CF). Depending on the nature 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 func-
tions 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 transmis-
sion-type liquid crystal panel, irradiating white light from
below.

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 insulat-
ing gate-type transistor 10 and a transparent conductive pixel
electrode 22, and is often formed at the same time as a signal
line (source line) 12. A semiconductor 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 boundary of the adjacent color
layer 18 on the color filter 9 is a light shield material for
preventing external light from irradiating the semiconductor
layer 23, the scan line 11, or the signal line 12. This is an
established technology referred to as black matrix (abbrevi-
ated as BM).

Next, adescription is given of the structure of an insulating
gate-type transistor as a switching element and a manufactur-
ing method thereof. Two types of insulating gate-type tran-
sistors are currently used commonly, one of which will be
introduced as a conventional example and be referred to as an
etch-stop type. FIG. 21 is a plan view of a unit pixel of an
active substrate (semiconductor device for display devices)
composing a conventional liquid crystal panel. Cross-section
views of lines A-A', B-B' and C-C' in FIG. 21(e) are shown in
FIG. 22. The manufacturing process thereof is described
briefly below.

First, as shown in FIG. 21(a) and FIG. 22(a), a first metal
layer about 0.1 to 0.3 pm thick is deposited using an SPT
(sputter) or other such vacuum film-depositing equipment on
the main surface of the glass substrate 2, for example, product
number 1737 manufactured by Coming, Inc., about 0.5to 1.1
mm thick, as an insulating substrate with high-heat resis-
tance, high chemical-resistance and high transparency, and
the scan line 11 doubling as a gate electrode 11A and the
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storage capacitor line 16 are selectively formed using micro-
fabrication technology. The material for the scan lines may be
selected taking into consideration the combined properties of
heat-resistance, chemical-resistance, hydrofluoric acid-resis-
tance and conductance, though a metal or an alloy with a high
heat resistance such as a Cr, Ta or MoW alloy, and a silicide
thereof is generally used.

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 defini-
tion of liquid crystal panels, by itself, Al has a low heat
resistance, so adding an oxide layer (A1203) in anodization of
the Al surface or laminating with Cr, Ta or Mo or a silicide
thereof, which are the said heat resistance metals, is currently
the general technology in use. In other words, the scan lines
11 are constructed of one or more metal layers.

Next, a PCVD (Plasma-Chemical Vapor Deposition)
equipment is used to successively deposit three thin film
layers about 0.3, 0.05, and 0.1 pm thick, for example, com-
prising a first SiNX (silicon nitride) layer 30 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 SiNx layer 32
composing an insulating layer for protecting the channel,
over the entire surface of the glass substrate 2, and micro-
fabrication technology is used to selectively leave the second
SiNx layer above the gate electrode 11A narrower than the
gateelectrode 11A to form aprotection layer 32D as shown in
FIGS. 21(b) and 22(), exposing the first amorphous silicon
layer 31.

Continuing, the second amorphous silicon layer 33 includ-
ing phosphorous, for example, as an impurity is deposited
similarly about 0.05 pum thick, for example, over the entire
surface using a PCVD equipment. Then, a thin film layer 34
of, for example, Ti, Cr, Mo or the like, 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 film layer, for example, is deposited
as an intermediate conductive layer about 0.1 um thick using
an SPT or other vacuum film-depositing equipment as shown
in FIG. 21(c) and FIG. 22(c). A drain electrode 21 of an
insulating gate-type transistor and a signal line 12 doubling as
a source electrode, comprising a laminate made of the three
thin film layers 34A, 35A and 36A, which are source-drain
materials, are selectively formed with micro-fabrication tech-
nology. 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 and drain wires as a mask, and then
removing the second amorphous silicon layer 33 between the
source and drain electrodes 12 and 21 to expose the second
SiNx layer 32D as well as by removing the first amorphous
silicon layer 31 in other regions to expose the gate insulating
layer 30. The second SiNx layer 32D is thus present as a
channel protective layer, and the etching of the second amor-
phous silicon layer 33 automatically ends, so this manufac-
turing method is referred to as etch-stopping.

Next, after removing the said photosensitive resin pattern,
an SiNx layer about 0.3 pum thick is deposited over the entire
surface of the glass substrate 2 similarly to the gate insulating
layer as a transparent insulating layer using a PCVD equip-
ment to form a passivation insulating layer 37, the passivation
insulating layer 37 is selectively removed using micro-fabri-
cation technology to form an opening 62 on the drain elec-
trode 21, an opening 63 on the scan line 11 and an opening 64
on the signal line 12 outside an image display region, as
shown in FIGS. 21(d) and 22(d), partially exposing the drain

20

25

30

40

45

60

65

4

electrode 21, the scan line 11 and the signal line 12. An
opening 65 is formed similarly on the electrode pattern
bundled and in parallel with the storage capacitor line 16 to
expose part of the storage capacitor line 16.

Finally, ITO (Indium-Tin-Oxide) or 1Z0 (Indium-Zinc-
Oxide), 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 a pixel electrode 22 is selec-
tively formed using micro-fabrication technology on the pas-
sivation insulating layer 37 containing the opening 62 to
complete the active substrate 2 as shown in FIGS. 21(e) and
22(e). The portion of the scan line 11 exposed in the opening
63 may be used as the electrode terminal 5, and the portion of
the signal line 12 exposed in the opening 64 as the electrode
terminal 6, and the electrode terminals 5A and 6 A made from
ITO on the passivation 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 connected between 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 5A and 6A and the
short wire 40 into a long, narrow striped forms to increase the
resistance (not illustrated). Similarly, an electrode terminal is
formed in the storage capacitor line 16 containing the opening
65, though a number thereof is not provided.

If wiring resistance of the signal wire 12 is not a problem,
alow resistance wire layer 35 made from Al is not necessarily
required, in which case it is possible to simplify the layers of
the source and 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 amorphous silicon layer
using a heat-resistant metal layer is thus more important for
the source and drain wires; the heat resistance of an insulating
gate-type transistor is described in detail in Unexamined
Patent Application Number H 7-74368 [i.c., 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 superimposed in a planar manner via the gate
insulating layer 30 in FIG. 21(c) forms a storage capacitor 15,
though a detailed description is omitted here.

A detailed history of the five-mask process described
above is omitted, but this is obtained as the result of stream-
lining the semiconductor layer islanding process and decreas-
ing the number of contacts formation processes by one. Pho-
tomasking, which initially required seven to eight processes,
has been reduced to the current five layers by the introduction
of dry etching technology which greatly contributes to the
decreasing process costs. It is a well-known target of devel-
opment that lowering the process cost in the manufacture of
the active substrate and the material cost in the panel assem-
bly and module packaging processes is effective in lowering
the production costs of liquid crystal display devices. To
lower process costs, either processes may be eliminated to
make the process shorter, or inexpensive process develop-
ment or process replacement to inexpensive process is avail-
able. Here, a four-mask process resulting in an active sub-
strate with four photomasks is described as an example of
eliminating processes. The photo-etching process is elimi-
nated by introducing half-tone exposure technology. FIG. 23
shows a plan view of a unit pixel in an active substrate corre-
sponding to the four-mask process. The cross-section views
of lines A-A', B-B' and C-C' in FIG. 23(e) are shown in FIG.
24. As already mentioned, two types of insulating gate-type
transistors are commonly in use currently. Here, a channel
etch type insulating gate-type transistor is used.
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First, as shown in FIGS. 23(a) and 24(a), 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 equipment similar to that done in the five-mask process,
and a storage capacitor line 16 and a scan line 11 doubling as
a gate electrode 11A are selectively formed with micro-fab-
rication technology.

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 including hardly any impurities, and a second
amorphous silicon layer 33 composing a source and drain for
an insulating gate-type transistor including impurities 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 pm thick, an Al thin
film layer 35 as a low resistance wire layer about 0.3 pm thick,
and a Ti thin film layer, for example, as an intermediate
conductive layer about 0.3 um thick, that is, source-drain wire
material is successively deposited using an SPT or other
vacuum film-depositing equipment, and a drain electrode 21
for an insulating gate-type transistor and a signal line 12
doubling as a source electrode are selectively formed using
micro-fabrication technology. In this selective patterning,
forming photosensitive resin patterns 80A and 80B thinner
than the 3 pm of the source-drain wire formation regions 80A
(12) and 80A (21) with the channel formation region 80B
(oblique portion) between the source and drain 1.5 pm thick,
for example, as shown in FIGS. 23(b) and 24(b) using half-
tone exposure technology is a major feature.

For such photosensitive resin patterns 80A and 80B, a
positive photosensitive resin is ordinarily used in the produc-
tion of substrates for liquid crystal display devices, so a black,
that is, a thin Cr film is formed for a source-drain wire for-
mation region 80A, a gray (gray tone) line and space Cr
pattern is formed with a width of 0.5 to 1 um, for example, for
achannel region §0B, and for other regions, a photomask may
be used to make them white, that is, remove the thin Cr film.
It is possible to transmit about half of the photomask radiant
light from a lamp source because the fine lines and spaces are
not resolved due to the lack of resolution with an aligner, so
the photosensitive resin patterns 80A and 80B may be
obtained in the gray region having a cross-section form such
as that shown in FIG. 24(b) corresponding to the residual film
properties of the positive type photosensitive resin. By depos-
iting an MoSi2 thin film having different thickness from Cr
thin film, for example, rather than a Cr thin film slit in the gray
region, a photomask with an equivalent function may be
obtained.

After successively etching the Ti thin film layer 36, the Al
thin film layer 35, the Ti thin film layer 34, the second amor-
phous silicon layer 33 and the first amorphous silicon layer 31
using the aforementioned photosensitive resin patterns 80A
and 80B as masks to expose the gate insulating layer 30 as
shown in FIG. 24(5), the photosensitive resin patterns 80A
and 80B are decreased at least 1.5 pm with ashing means such
as oxygen plasma, eliminating the photosensitive resin pat-
tern 80B to expose the channel region, and leaving the
reduced photosensitive resin patterns 80C (12) and 80C (21)
only on the source-drain wires formation region as shown in
FIGS. 23(c) and 24(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 between the source-
drain wires (the channel formation region) are successively
etched using the thinned photosensitive resin patterns 80C
(12) and 80C (21) as masks again, and then the first amor-
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phous silicon layer 31A is etched leaving around 0.05 to 0.1
um. After the source and drain wire materials are etched, the
first amorphous silicon layer 31A is etched leaving around
0.0510 0.1 pm, thereby forming the source-drain wires, so the
insulating gate-type transistor obtained with such a manufac-
turing 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 anisotro-
picity to suppress changes in the pattern dimensions. In fur-
ther detail, RIE (Reactive lon Etching) oxygen plasma treat-
ment is desirable, and ICP (Inductive Coupled Plasma), or
TCP (Transfer Coupled Plasma) oxygen plasma treatment
with a higher density plasma source is even more desirable.

After removing the said photosensitive resin patterns 80C
(12) and 80C (21), a second SiNx layer about 0.3 pum thick is
deposited as a transparent insulating layer over the entire
surface of the glass substrate 2 to make a passivation insulat-
ing layer 37 as shown in FIGS. 23(d) and 24(d) similar to the
five-mask process; openings 62, 63 and 64 are formed on the
drain electrode 12, on the scan line 11 and on the signal line
12 outside an image display region, respectively; the gate
insulating layer 30 and the passivation insulating layer 37 in
the opening 63 are removed to expose part of the scan line in
the opening 63; and the passivation insulating layer 37 in the
openings 62 and 64 is removed to expose part of the drain
electrode 21 in the opening 62 and part of the signal line in the
opening 64.

Finally, ITO or IZO, for example, is deposited as a trans-
parent conductive layer about 0.1 to 0.2 pm thick using an
SPT or other vacuum film-depositing equipment, and a pixel
electrode 22 containing the opening 62 is selectively formed
on the passivation insulating layer 37 using micro-fabrication
technology to complete the active substrate 2 as shown in
FIGS. 23(e) and 24(e). For the electrode terminals, transpar-
ent conductive electrode terminals 5A and 6 A made from ITO
are selectively formed on the passivation insulating layer 37
containing the openings 63 and 64.

SUMMARY OF THE INVENTION

In this manner, the contact 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 processes, 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 pas-
sivation insulating layer 37 than in the gate insulating layer
30, the etching rate when using a hydrofluoric 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 controlled due to an
excess of over-etching on the top of the cross-sectional shape
of the opening 62 on the drain electrode 21, dry etching
utilizing a fluoride gas is used.

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 36A may be reduced by the
etching gas. In the removal of the photosensitive resin pattern
after the etching is complete, about 0.1 to 0.3 pm 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 chemical treatment is generally car-
ried out using an organic stripper, such as stripper 106 manu-
factured by Tokyo Ohka Kogyo or the like, though when the
intermediate conductive layer 36A is reduced to expose the
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base aluminum layer 35A, an Al1203 insulator is formed on
the surface of the aluminum layer 35A with 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 conduc-
tive layer 36A may be reduced. Alternately, an avoidance
measure is possible wherein the aluminum layer 35A is
removed when forming the openings 62 to 65 to expose the Ti
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.

Still, with the former measure, if the uniformity in the
thickness of these thin film 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
intermediate conductive layer 36 A is unneeded, but a removal
process for the aluminum layer 35A is added, and there is the
danger that the pixel electrode 22 may be cut off if the cross-
section control of the opening 62 is inadequate.

Further, in the channel formation process applied in the
four-mask process, the source and drain wire material
between the source-drain wires 12 and 21 and the semicon-
ductor layers including impurities are selectively removed, so
this 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, thatis, the pattern dimensions 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 dimen-
sions), coating thickness of the photosensitive resin, devel-
oping 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. In
particular, if the channel length is 6 pm or less, there is a
significant tendency for the effects of the pattern dimensions
occurred in conjunction with adecrease in the thickness of the
resist pattern to be large. That is because when the photosen-
sitive resin patterns 80A and 80B are anistropically reduced
during the reduction of the photosensitive resin patterns 80A
and 80B are 1.5 um, the dimension between the photosensi-
tive resin patterns 80A naturally grows 3 pm, so the channel
1s formed 3 pm longer than the set value.

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 pro-
cesses used in half-tone exposure technology having a large
manufacturing margin. The need to achieve lower-priced lig-
uid 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 manufacturing processes and provide
lower costs.

The liquid crystal display device recited in Claim 1 is
characterized by the fact that in which liquid crystal is filled
between a first transparent insulating substrate (active sub-
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strate) in which unit pixels having at least an insulating gate
transistor, a scan line doubling as a gate electrode and a signal
line doubling as a source wire of the said insulating gate
transistor, and a pixel electrode connected to a drain wire on
a main surface are arranged in a two-dimensional matrix and
a second transparent insulating substrate or a color filter
opposing the first transparent insulating substrate character-
ized by the fact that at least:

source wires doubling as signal lines and drain wires dou-
bling as pseudo-pixel electrodes, comprising a laminate made
of a transparent conductive layer and a low-resistance metal
layer, are connected to the first semiconductor layers not
including impurities forming channels via second semicon-
ductor layers including impurities and heat-resistant metal
layers, and

the low-resistant metal layers of the pseudo-pixel elec-
trodes in the openings formed in a passivation insulating layer
on the first transparent insulating substrate are removed to
expose transparent conductive pixel electrodes.

This construction, which ensures an electrical connection
between the source and drain for the insulating gate-type
transistor and the transparent conductive layer via the heat-
resistant metal layer, is obtained by forming the source wire
doubling as the signal line and the drain electrode doubling as
the pseudo-pixel electrode, comprising a laminate made of a
transparent conductive layer and a low resistance metal layer,
and removing the low resistance metal layer in addition to the
passivation insulating layer above the pseudo-pixel electrode
in the process for forming an opening in the passivation
insulating layer. The process is thereby streamlined with the
same photomask used for the pixel electrode formation pro-
cess and the signal line formation process.

A variety of embodiments for liquid crystal display devices
can be constructed by combining streamlining of the contact
formation process and technologies for handling the contact
formation process and the semiconductor layer formation
process, to further decrease the number of processes, the scan
line formation process and the contact formation process or
the scan line formation process and the semiconductor layer
formation process with the same photomask using half-tone
exposure technology; these are described in detail in Claim 2
to Claim 7.

The liquid crystal display device recited in Claim 2 is
characterized by the fact that in a liquid crystal display device
in which liquid crystal is filled between a first transparent
insulating substrate (active substrate) and a color filter or a
second transparent insulating substrate opposing the said first
transparent insulating substrate, wherein at the least:

scan lines comprising a metal layer of one or more layers
are formed on a main surface of the first transparent insulating
substrate,

first semiconductor layers not including impurities are
formed in island shapes wider than gate electrodes through a
gate insulating layer of one or more layers above the gate
electrodes,

a pair of source-drain electrodes comprising a laminate of
a second semiconductor layer including impurities and a
heat-resistant metal layer are formed to overlap the gate elec-
trodes on the first semiconductor layers,

openings are formed in a gate insulating layer on the scan
lines to expose part of the scan lines in the openings, outside
an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are formed
on the source electrodes and on the gate insulating layer,
transparent conductive pixel electrodes are formed on the
drain electrodes and on the gate insulating layer having low-
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resistance metal layers laminated in peripheries thereof,
transparent conductive electrode terminals of the scan line are
formed containing the said openings on the gate insulating
layer, and transparent conductive electrode terminals of the
signal line composing part of the signal lines are formed
outside an image display region, and

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan line and
the signal lines are formed on the first transparent insulating
substrate.

Through this construction, the transparent conductive pixel
electrode is formed on the gate insulating layer at the same
time as a signal line, but the passivation insulating layer is
formed on the active substrate as in the prior art example to
protect the channel and the source-drain wires of the insulat-
ing gate-type transistor. Also, electrode terminals for the scan
line and the signal line are constructed with the transparent
conductive layer similar to the pixel electrode. This is a struc-
tural feature common to the liquid crystal display devices of
the present invention similar to there being a passivation
insulating layer on the active substrate.

Aliquid crystal display device recited in Claim 3, similar to
that recited in Claim 2, is characterized by the fact that, at the
least:

scan lines comprising a metal layer of one or more layers is
formed on a main surface of the first transparent insulating
substrate,

laminates made of a gate insulating layer and a first semi-
conductor layer not including impurities are formed in island
shapes on a gate electrode wider than the gate electrodes and
also formed in island shapes wider than the scan lines proxi-
mate to the intersections of the scan lines and the signal lines,

a pair of source-drain electrodes comprising a laminate of
a second semiconductor layer including impurities and a
heat-resistant metal layer are formed such as to overlap gate
electrodes on the first semiconductor layers above the gate
electrodes, and laminates made of a second semiconductor
layer including impurities and a heat-resistant metal layer are
formed in island shapes on the first semiconductor layers at
the intersections of the scan lines and the signal lines,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are formed
on the source electrodes, on the first transparent insulating
substrate, and on the heat-resistant metal layers above the
intersections of the scan lines and the signal lines, transparent
conductive pixel electrodes are formed on the drain electrode
and on the first transparent insulating substrate having low-
resistance metal layers laminated in the peripheries thereof,
transparent conductive electrode terminals of the scan line are
formed containing part of the scan lines on the first transpar-
ent insulating substrate outside an image display region, and
transparent conductive electrode terminals of the signal lines
composing part of the signal line are formed outside an image
display region, and

a passivation insulating layer having openings on the pixel
electrodes and on electrode terminals of the scan lines and the
signal lines is formed on the first transparent insulating sub-
strate.

Through this construction, the electrodes are exposed on
the glass substrate 2 except for part of the scan line and the
greater part of the storage capacitor line during the manufac-
turing process, but at the end, they are protected similar to the
channel and the source-drain wires for the insulating gate-
type transistor through the passivation insulating layer
formed as done conventionally on the active substrate. The
transparent conductive pixel electrode is formed at the same
time as the signal line, so it is formed on the glass substrate.

10

20

25

40

45

60

65

10

A liquid crystal display device recited in Claim 4, similar to
that recited in Claim 2, is characterized by the fact that, at the
least:

scan lines comprising a metal layer of one or more layers
with insulating layers on their sides are formed on a main
surface of the first transparent insulating substrate,

gate insulating layers of one or more layers are formed on
the scan lines,

first semiconductor layers not including impurities are
formed in island shapes on the gate insulating layers above
the gate electrodes,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impurities
and a heat-resistant metal layer are formed on the first semi-
conductor layers,

openings are formed in the gate insulating layers on the
scan lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are formed
on the source electrodes and on the first transparent insulating
substrate, transparent conductive pixel electrodes are formed
on the drain electrodes and on the first transparent insulating
substrate having low-resistance metal layers laminated in the
peripheries thereof, transparent conductive electrode termi-
nals of the scan lines are formed on the openings and on
laminates made of the first semiconductor layer, the second
semiconductor layer, and the heat-resistant metal layer at
peripheries of the openings, and transparent conductive elec-
trode terminals of the signal lines are formed composing part
of the signal lines outside an image display region, and

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan lines and
the signal lines is formed on the said first transparent insulat-
ing substrate.

Through this construction, the contact is formed for the
scan line self-conforming thereto, and a gate insulating layer
is formed whose pattern width is identical to that of the gate
electrode, so an insulating layer different from the gate insu-
lating layer is provided on the sides of the gate electrode (scan
line) making it possible for the scan line and signal line to
cross. The transparent conductive pixel electrode is formed at
the same time as the signal line, so it is formed on the glass
substrate.

A liquid crystal display device recited in Claim 5, similar to
that recited in Claim 2, is characterized by the fact that, at the
least:

scan lines comprising a metal layer of one or more layers
with insulating layers on their sides are formed on a main
surface of the first transparent insulating substrate,

gate insulating layers of one or more layers are formed on
the scan lines,

first semiconductor layers not including impurities are
formed in island shapes on the gate insulating layers above
the gate electrodes,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impurities
and a heat-resistant metal layer are formed on the said first
semiconductor layers,

openings are formed in the gate insulating layers on the
scan lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are formed
on the source electrodes and on the first transparent insulating
substrate, transparent conductive pixel electrodes are formed
on the drain electrodes and on the first transparent insulating
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substrate having low-resistance metal layers in peripheries
thereof, transparent conductive electrode terminal of the scan
line are formed containing the openings, and transparent con-
ductive electrode terminals of the signal line is formed com-
posing part of the signals line outside an image display
region, and

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan line and
the signal lines are formed on the first transparent insulating
substrate.

Through this construction, the semiconductor layer is
formed self-conforming to the scan line, and the gate insulat-
ing layer is formed whose pattern width is identical to that of
the gate electrode, so an insulating layer different from the
gate insulating layer is provided in the sides of the gate
electrode (scan line) making it possible for the scan line and
signal line to cross. The transparent conductive pixel elec-
trode is formed at the same time as the signal line, so it is
formed on the glass substrate.

aldisplay device recited in Claim 6 s, similar to that recited
in Claim 2, characterized by the fact that, at the least:

scan lines comprising a metal layer of one or more layers
with insulating layers on their sides are formed on a main
surface of the first transparent insulating substrate,

gate insulating layers of one or more layers are formed on
the scan lines,

first semiconductor layers not including impurities are
formed in island shapes slightly smaller than the gate insu-
lating layers on the gate insulating layers above the gate
electrodes,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impurities
and a heat-resistant metal layer are formed on the first semi-
conductor layers,

openings are formed in the gate insulating layers on the
scan lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are formed
on the source electrodes and on the first transparent insulating
substrate, transparent conductive pixel electrodes are formed
on the drain electrodes and on the first transparent insulating
layer having low-resistance metal layers in peripheries
thereof, transparent conductive electrode terminals of the
scan lines are formed containing the openings, and transpar-
ent conductive electrode terminals of the signal lines com-
posing part of the signal lines are formed outside an image
display region,

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan lines and
the signal line is formed on the said first transparent insulating
substrate.

Through this construction, the semiconductor layer is
made slightly narrower than the gate electrode above the gate
electrode, and the gate insulating layer is formed with the
same width as the gate electrode, so an insulating layer dif-
ferent from the gate insulating layer is provided on the sides
ofthe gate electrode (scan line) making it possible for the scan
line and signal line to cross. The transparent conductive pixel
electrode is formed at the same time as the signal line, so it is
formed on the glass substrate.

Aliquid crystal display device recited in Claim 7 is, similar
to that recited in Claim 2, characterized by the fact that, at the
least:

scan line comprising a metal layer of one or more layers
with insulating layers on their sides are formed on a main
surface of the first transparent insulating substrate,
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laminates made of a gate insulating layer and a first semi-
conductor layer not including impurities are formed in island
shapes above the gate electrodes and also formed in island
shapes on the scan lines proximate to intersections of the
signal lines and the scan lines,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impurities
and a heat-resistant metal layer are formed on the first semi-
conductor layers above the gate electrodes, and laminates
made of a second semiconductor layer including impurities
and a heat-resistant metal layer are formed on the first semi-
conductor layers at intersections of the scan lines and the
signal lines,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are formed
on the source electrodes, on the first transparent insulating
substrate, and on the heat-resistant metal layers at the inter-
section of the scan lines and the signal lines, transparent
conductive pixel electrodes are formed on the drain elec-
trodes and on the first transparent insulating substrate having
low-resistance metal layers in peripheries thereof, transparent
conductive electrode terminals of the scan lines are formed
containing part of the scan lines on a first transparent insulat-
ing substrate outside of an image display region, and trans-
parent conductive electrode terminals of the signal lines com-
posing part of the signal lines are formed outside an image
display region, and

a passivation insulating layer having openings on the said
pixel electrodes and on the electrode terminals of the scan
lines and the signal lines is formed on the said first transparent
insulating substrate.

Through this construction, the semiconductor layer is
formed self-conforming to the scan line, the gate insulating
layer is formed whose pattern width is identical to that of the
gate electrode (scan line) only above the scan line proximate
to anintersection of the signal line and the scan line and above
the gate electrode, and an insulating layer different from the
gate insulating layer is provided on the sides of the gate
electrode (scan line), making it possible for the scan line and
the signal line to cross. The transparent conductive pixel
electrode is formed at the same time as the signal line, so it is
formed on the glass substrate.

The liquid crystal display device cited in Claim 8 is the
liquid crystal display device recited in Claim 4, Claim 5,
Claim 6, and Claim 7 characterized by the fact that insulating
layers formed on the sides of the scan lines is organic insu-
lating layers. Through this construction, an organic insulating
layer can be formed by electro-deposition on the sides of the
scan lines regardless of the material or construction of the
scan line, and half-tone exposure technology is used to make
it possible to repeatedly use one photomask for the scan line
formation process and the contact or semiconductor layer
formation process.

The liquid crystal display device recited in Claim 9 is the
liquid crystal display device recited in Claim 4, Claim 5,
Claim 6, and Claim 7 characterized by the fact that a first
metal layer comprises an anodizable metal layer and that the
insulating layers formed on the sides of the scan lines are an
anodized layers. Through this construction, it is possible to
form anodized layers through anodization on the sides of the
scan lines, and half-tone exposure technology is used to make
it possible to repeatedly use one photomask for the scan line
formation process and the contact or semiconductor layer
formation process.

Claim 101s the manufacturing method for the liquid crystal
display device recited in Claim 1. characterized by the fact of
having:
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in a liquid crystal display device made by filling liquid
crystal between a first transparent insulating substrate (an
active substrate) in which unit pixels having at least an insu-
lating gate-type transistor, a signal line doubling as a source
wire and a scan line doubling as a gate electrode of the said
insulating gate-type transistor, and a pixel electrode con-
nected to a drain wire are arranged in a two-dimensional
matrix on a main surface and a second transparent insulating
substrate or a color filter opposite the said first transparent
insulating substrate, wherein at the least:

a process for forming semiconductor layers comprising a
laminate made of a first semiconductor layer not including
impurities, a second semiconductor layer including impuri-
ties, and a heat-resistant metal layer above a gate electrode
through a gate insulating layer,

aprocess for forming source wires for insulating gate-type
transistors doubling as signal lines and drain wires doubling
as pseudo-pixel electrodes, both comprising a laminate made
of a transparent conductive layer and a low-resistance metal
layer, and

a process for forming openings on the said pseudo-pixel
electrodes after a passivation insulating layer is deposited,
and for removing the passivation insulating layer and the
low-resistance metal layer to expose transparent conductive
pixel electrodes.

Through this construction, it is possible to decrease the
number of manufacturing processes for forming source wires
(signallines) for insulating gate-type transistors comprising a
laminate made of a transparent conductive layer and a low-
resistance metal layer, and forming a pixel electrode compris-
ing a transparent conductive layer using one photomask.

In addition to a process for forming source wires (signal
lines) for insulating gate-type transistors comprising a lami-
nate made of a transparent conductive layer and a low-resis-
tance metal layer and forming a pixel electrode comprising a
transparent conductive layer, a scan line formation process, a
semiconductor layer formation process, and a contact forma-
tion process are required in order to produce a liquid crystal
display device. By combining the streamlining of the contact
formation process to decrease the number of processes and
technology where half-tone exposure technology is
employed to use the same photomask for the contact forma-
tion process and the semiconductor layer formation process,
or the scan line formation process and the contact formation
process, or the scan line formation process and the semicon-
ductor layer formation process, a variety of manufacturing
methods can be constructed for liquid erystal display devices.
These are described in detail in Claim 11 to Claim 17.

Claim 11 is a manufacturing method for the liquid crystal
display device recited in claim 2 characterized by the fact of
having

a process for forming scan lines,

a process for forming semiconductor layers in which heat-
resistant metal layers are laminated,

a process for forming contacts,

aprocess for forming pseudo-pixel electrodes, signal lines
and pseudo-electrode terminals of the scan lines and the sig-
nal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer,

and a process for forming openings on the pseudo-pixel
electrodes and on pseudo-electrode terminals after depositing
a passivation insulating layer, and then for removing the
passivation insulating layer and the low-resistance metal
layer in the openings.

Through this construction, the manufacturing processes
for forming pixel electrodes and signal lines with one photo-
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mask are reduced, making it possible to manufacture a TN-
type liquid crystal display device using five photomasks.

Claim 12 is also a manufacturing method for the liquid
crystal display device recited in Claim 2 characterized by the
fact of having

a process for forming scan lines,

a process for forming contacts and semiconductor layers in
which heat-resistant metal layers are laminated with half-tone
exposure technology using one photomask,

a process for forming pseudo-pixel electrodes, signal lines
and pseudo-electrode terminals of the scan lines and the sig-
nal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer. and

a process for forming openings on the said pseudo-pixel
electrodes and on pseudo-electrode terminals after depositing
a passivation insulating layer, and then for removing the
passivation insulating layer and the low-resistance metal
layer in the openings.

Through this construction, the number of manufacturing
processes for forming pixel electrodes and signal lines with
one photomask is reduced, and the number of manufacturing
processes for forming contacts and semiconductor layers
with one photomask is reduced at the same time, making it
possible to manufacture a TN-type liquid crystal display
device using four photomasks.

Claim 13 is a manufacturing method for the liquid crystal
display device recited in Claim 3 characterized by the fact of
having

a process for forming scan lines,

a process for exposing scan lines in which heat-resistant
metal layers are laminated when forming semiconductor lay-
ers,

aprocess for forming pseudo-pixel electrodes, signal lines,
and pseudo-electrode terminals for the scan lines and the
signal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer, and

a process for forming openings on the pseudo-pixel elec-
trodes and on the pseudo-electrode terminals after depositing
a passivation insulating layer, and then for removing the
passivation insulating layer and the low-resistance metal
layer in the openings.

Through this construction, the number of manufacturing
processes for forming pixel electrodes and signal lines with
one photomask is reduced, and the number of manufacturing
processes for streamlining the formation of contacts by
exposing scan lines during the formation of the semiconduc-
tor layers is reduced, making it possible to manufacture a
TN-type liquid crystal display device using four photomasks.

Claim 14 is a manufacturing method for the liquid crystal
display device recited in Claim 4 characterized by the fact of
having

aprocess for forming scan lines and contacts with half-tone
exposure technology using one photomask,

a process for forming semiconductor layers in which heat-
resistant metal layers are laminated,

aprocess for forming pseudo-pixel electrodes, signal lines,
and pseudo-electrode terminals for the scan lines and the
signal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer, and

a process for forming openings on the pseudo-pixel elec-
trode and on the pseudo-electrode terminals after depositing
a passivation insulating layer and then for removing the pas-
sivation insulating layer and the low-resistance metal layerin
the openings.

Through this construction, the number of manufacturing
processes for forming pixel electrodes and signal lines with
one photomask is decreased, and the number of manufactur-
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ing processes for forming scan lines and contacts with one
photomask is reduced at the same time, making it possible to
manufacture a TN-type liquid crystal display device using
four photomasks.

Claim 15 is a manufacturing method for the liquid crystal
display device recited in Claim 5 characterized by the fact of
having

aprocess for forming scan lines and semiconductor layers
in which heat-resistant metal layers are laminated with half-
tone exposure technology using one photomask,

a process for forming contacts,

aprocess for forming pseudo-pixel electrodes, signal lines,
and pseudo-electrode terminals for the scan lines and the
signal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistant metal layer, and

a process for forming openings on the pseudo-pixel elec-
trodes and on the pseudo-electrode terminals after depositing
a passivation insulating layer, and then for removing the
passivation insulating layer and the low-resistance metal
layer in the openings.

Through this construction, the number of manufacturing
processes for forming pixel electrodes and signal lines with
one photomask is reduced, and the number of manufacturing
processes for forming scan lines and semiconductor layers
using one photomask is reduced at the same time, making it
possible to manufacture a TN-type liquid crystal display
device using four photomasks.

Claim 16 is a manufacturing method for the liquid crystal
display device recited in Claim 6 characterized by the fact of
having

aprocess for forming semiconductor layers in which heat-
resistant layers are laminated,

aprocess for forming scan lines and contacts with half-tone
exposure technology using one photomask,

aprocess for forming pseudo-pixel electrodes, signal lines,
and pseudo-electrode terminals for the scan lines and the
signal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistant metal layer, and

a process for forming openings on the pseudo-pixel elec-
trodes and on the pseudo-electrode terminals after depositing
a passivation insulating layer, and then for removing the
passivation insulating layer and the low-resistance metal
layer in the openings.

Through this construction, the number of manufacturing
processes for forming pixel electrodes and signal lines with
one photomask is decreased, and the number of manufactur-
ing processes for forming scan lines and contacts with one
photomask is reduced at the same time, making it possible to
manufacture a TN-type liquid crystal display device using
four photomasks.

Claim 17 is a manufacturing method for the liquid crystal
display device recited in Claim 7 characterized by the fact of
having

a process for forming scan lines and semiconductor layers
in which heat-resistant metal layers are laminated with half-
tone exposure technology using one photomask and for
removing the gate insulating layer to expose the scan lines,

aprocess for forming pseudo-pixel electrodes, signal lines,
and pseudo-electrode terminals for the scan lines and the
signal lines, all comprising a laminate made of a transparent
conductive layer and a low-resistant metal layer, and

a process for forming openings on the pseudo-pixel elec-
trodes and on the pseudo-electrode terminals after depositing
a passivation insulating layer, and then for removing the
passivation insulating layer and the low-resistance metal
layer in the openings.
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Through this construction, the number of manufacturing
processes for forming pixel electrodes and signal lines with
one photomask is decreased, and the number of manufactur-
ing processes is further reduced as the scan lines and the
semiconductor layers are formed with one photomask and the
scan lines are exposed, making the contact formation process
unnecessary, so a TN-type liquid crystal display device can be
manufactured using three photomasks.

A reduction in the number of processes while maintaining
an electrical connection by interposing a heat-resistant metal
layer between the source-drain for the insulating gate-type
transistor and the transparent conductive layer, forming
source lines doubling as signal lines and drain electrodes
doubling as pseudo-pixel electrodes, comprising a laminate
made of a transparent conductive layer and a low-resistant
metal layer, and for removing the low-resistance metal layer
in addition to the passivation insulating layer on the pseudo-
pixel electrodes during the formation process of the openings
in the passivation insulating layer to obtain transparent con-
ductive pixel electrodes is a main theme of the present inven-
tion, and the structural feature of the electrode terminals of
the scan line and the signal line being constructed with a
transparent conductive layer similarly to the pixel electrode is
thereby formed.

Further, with the combination of technology for streamlin-
ing the contact formation process for removing the gate insu-
lating layer to expose the scan lines during formation of the
semiconductor layers, technology for streamlining the forma-
tion of the contacts and semiconductor layers using one pho-
tomask with concomitant use of half-tone exposure technol-
ogy, and technology for streamlining the formation of the
scan lines and the contacts or the scan lines and the semicon-
ductor layers with one photomask, it is possible to further
decrease the number of photolithographic etching processes
from the conventional five times to produce a liquid crystal
display device using four or three photomasks, an extremely
large industrial value from the perspective of decreasing costs
forliquid crystal display devices. Moreover, the pattern accu-
racy in these processes is not so high, so controlling produc-
tion without greatly affecting quality or yield is an easy mat-
ter.

As made clear in the above description, the requirements of
the present invention are to maintain an electrical connection
during the production of an active substrate by interposing a
heat-resistance metal layer between the source-drain for an
insulating gate-type transistor and a transparent conductive
layer, and to selectively remove the low-resistance metal
layer on pseudo-pixel electrodes during the formation of
openings in a passivation insulating layer to form pixel elec-
trodes after forming source wires doubling as signal lines and
drain wires doubling as pseudo-pixel electrodes; comprising
a laminate made of a transparent conductive layer and a
low-resistant metal layer, and for construction other than that,
the fact that a semiconductor device for the display device
with a different film thickness or material such as the scan line
or gate electrode layer, and differences in the manufacturing
method thereof belong to the category of the present invention
is self-evident, the usefulness of the present invention does
not change for liquid crystal display devices using liquid
crystal with vertically aligned liquid crystal, and the fact that
the semiconductor layer for the insulating gate-type transistor
is not limited to amorphous silicon is also clear.
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BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1] A plan view of a semiconductor device for the
display device according to Embodiment 1 of the present
invention.

[FIG. 2] A cross-sectional view of the manufacturing pro-
cess for a semiconductor device for the display device accord-
ing to Embodiment 1 of the present invention

[FIG. 3] A plan view of a semiconductor device for the
display device according to Embodiment 2 of the present
invention

[FIG. 4] A cross-sectional view of the manufacturing pro-
cess for a semiconductor device for the display device accord-
ing to Embodiment 2 of the present invention

[FIG 5] A plan view of a semiconductor device for the
display device according to Embodiment 3 of the present
invention

[FIG. 6] A cross-sectional view of the manufacturing pro-
cess for a semiconductor device for the display device accord-
ing to Embodiment 3 of the present invention

[FIG. 7] A plan view of a semiconductor device for the
display device according to Embodiment 4 of the present
invention

[FIG. 8] A cross-sectional view of the manufacturing pro-
cess for a semiconductor device for the display device accord-
ing to Embodiment 4 of the present invention

[FIG. 9] A plan view of a semiconductor device for the
display device according to Embodiment 5 of the present
invention

[FIG. 10] A cross-sectional view of the manufacturing
process for a semiconductor device for the display device
according to Embodiment 5 of the present invention

[FIG. 11] A plan view of a semiconductor device for the
display device according to Embodiment 6 of the present
invention

[FIG. 12] A cross-sectional view of the manufacturing
process for a semiconductor device for the display device
according to Embodiment 6 of the present invention

[FIG. 13] A plan view of a semiconductor device for the
display device according to Embodiment 7 of the present
invention

[FIG. 14] A cross-sectional view of the manufacturing
process for a semiconductor device for the display device
according to Embodiment 7 of the present invention

[FIG. 15] A layout view of a connection pattern for insu-
lating layer formation in Embodiment 4 and Embodiment 6

[FIG. 16] A layout view of a connection pattern for insu-
lating layer formation in Embodiment 5

[FIG. 17] A layout view of a connection pattern for insu-
lating layer formation in Embodiment 7

[FIG. 18] A perspective view showing the mounted state of
the liquid crystal panel

[FIG. 19] An equivalent circuit of a liquid crystal panel

[FIG. 20] A cross-sectional view of a liquid crystal panel

[FIG. 21] A plan view of the active substrate in the prior art
example

[FIG. 22] A cross-sectional view of the manufacturing
process for the active substrate in the prior art example

[FIG. 23] A plan view of a streamlined active substrate

[FIG. 24] A cross-sectional view of the manufacturing
process for a streamlined active substrate

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments of the invention are described below with
reference to FIGS. 1 to 17. FIG. 1 shows plan views of a
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semiconductor device (active substrate) for a display device
pertaining to a first embodiment of the present invention. FIG.
2 shows cross-sectional views of the manufacturing processes
of lines A-A'", B-B' and C-C' of FIG. 1. Similarly, FIG. 3 and
FIG. 4 show plan views of an active substrate and cross-
sectional views of a manufacturing process for Embodiment
2, and similarly so, FIG. 5 and FIG. 6 for Embodiment 3, FIG.
7 and FIG. 8 for Embodiment 4, FIG. 9 and FIG. 10 for
Embodiment 5, F1G. 11 and F1G. 12 for Embodiment 6, and
FIG. 13 and FIG. 14 for Embodiment 7. The reference numer-
als used in one portion of the conventional example are used
similarly in other examples, so a detailed description thereof
is omitted.

Embodiment 1

In Embodiment 1, first, a heat-resistant metal layer of, for
example, Cr, Ta, Mo, or the like, or an alloy or a silicide
thereof, 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. It goes without saying that a lami-
nate made of Al or an Al alloy and these highly heat-resistant
metals may be used if required to lower resistance. Then, scan
lines 11 doubling as a gate electrode 11A and storage capaci-
tor lines 16 are selectively formed using micro-fabrication
technology as shown in FIG. 1(a) and FIG. 2(a). If a storage
capacitor 15 is constructed between the pixel electrode (drain
electrode) and the scan line in the upper pixel, the storage
capacitor line 16 is not a requisite component.

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 including hardly any impurities, and a second
amorphous silicon layer 33 composing a source and drain of
an insulating gate-type transistor including phosphorous, for
example, as an impurity, are successively deposited about 0.3,
0.2, and 0.05 pm thick, for example, over the entire surface of
the glass substrate 2 using a PCVD equipment. Then a thin
film layer 34 comprising a heat-resistant metal of, for
example, Ti, Cr, Mo, or the like, or a silicide thereof'is depos-
ited as a heat-resistant metal layer about 0.1-um thick using
an SPT or other vacuum film-depositing equipment, and
semiconductor layer regions comprising a laminate made of a
heat-resistant metal layer 34A, a second amorphous silicon
layer 33A and a first amorphous silicon layer 31A are selec-
tively formed wider than the gate electrodes 11A above the
gate electrodes 11 to expose the gate insulating layer 30 using
micro-fabrication technology as shown in FIG. 1(5) and FIG.
2(b).

Continuing, openings 63A and 65A are formed on the scan
line 11 and on the storage capacitor line 16 outside the image
display region using micro-fabrication technology, and the
gate insulating layer 30 is selectively etched in the said open-
ings 63A and 65A to expose part 73 of the scan line 11 and
part 75 of the storage capacitor line 16 as shown in FIG. 1(¢)
and FIG. 2(c).

170, ITO, for example, or a mixture thereof is deposited as
atransparent conductive layer about 0.1 to 0.2 um thick using
an SPT or other vacuum film-depositing equipment over the
entire surface of the glass substrate 2. After subsequently
depositing an Al or Al (Nd) alloy thin film layer 35 about 0.3
wm thick as a low resistance metal layer, the Al or Al (Nd)
alloy thin film layer 35, the transparent conductive layer 91,
the heat-resistant metal layer 34, and the second amorphous
silicon layer 33 are etched using micro-fabrication technol-
ogy to remove them. The first amorphous silicon layer 31 is
etched, leaving about 0.05 to 0.1 pm, whereby a signal lines
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12 doubling as source wires comprising a laminate made of
the low resistance metal layer 35A and the transparent con-
ductive layer 91A, and drain electrodes 21 of insulating gate-
type transistors doubling as pseudo-pixel electrodes P22
comprising a laminate made of the low resistance metal layer
35B and the transparent conductive layer 91B are selectively
formed such as to partially overlap with the gate electrodes
11A as shown in FIG. 1(d) and FIG. 2(d), and pseudo-elec-
trode terminals P6 composing part of the signal lines 12 and
pseudo-electrode terminals P5 of the scan lines are formed
containing part 73 of the scan lines exposed in the openings
63A at the same time as the formation of the source-drain
wires 12 and 21. Similarly, pseudo-electrode terminals of the
storage capacitor lines 16 are also formed, though a reference
number is not provided, containing part 75 of the storage
capacitor lines 16. The description thereof is omitted below.
Inthis manner, the heat-resistant metal layers 34A are divided
into a pair of electrodes 34A-1 and 34A-2 (neither of which is
illustrated) in this process, and the signal lines 12 are formed
containing the first electrodes 34 A-1 while pseudo-electrode
terminals P22 are formed containing the second electrodes
34A-2, thereby functioning as source electrodes and drain
electrodes of the insulating gate-type transistors, respectively.

In the formation of the source-drain wires 12 and 21, it is
possible to repeatedly etch the transparent conductive layer
91 with the phosphoric acid etching solution used in the
etching of the Al or Al (Nd) alloy thin film layer 35 as a low
resistance metal layer in the etching of the transparent con-
ductive layer 91 comprising IZO, ITO or a mixture thereof, if
an amorphous film quality with nearly no crystal is used, so
the etching process is simplified and the cost is lowered.

There are fewer factors for fluctuation in the pattern width
for forming the source-drain wires 12 and 21 of the present
invention with the one exposure treatment and one etching
treatment than for the source-drain wires 12 and 21 formed
with one exposure treatment and two etching treatments as
described in the streamlined prior art example, and the pattern
precision of the dimension control of the source-drain wires
12 and 21 as well as pattern precision of the dimension control
of'the interval between the source 12 and drain wires 21, that
1s, the channel length measurements are easier to control than
with conventional half-tone exposure technology.

After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer over the entire surface of the glass
substrate 2 using a PCVD equipment to make a passivation
insulating layer 37, openings 38, 63, and 64 are formed on the
pseudo-pixel electrodes P22 and the pseudo-electrode termi-
nals P5 and P6, respectively, as shown in FIG. 1(e) and FIG.
2(e), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the openings are removed to
expose the transparent conductive pixel electrodes 22 and the
greater part of the transparent conductive electrode terminals
5A and 6A.

In the removal of the low resistance metal layers 35A to
35C comprising Al or Al (Nd), even if an amorphous film
quality with nearly no crystal is used for the transparent
conductive layer 91 comprising IZO, ITO or amixture thereof
as described above, crystallization of transparent conductive
layers 91A to 91C comprising [ZO, ITO or a mixture thereof
is promoted by substrate heating of about 250° C. provided
during the deposition of the passivation insulating layer 37,
causing micro-crystallization or poly-crystallization,
increasing the fineness of the film quality, and causing resis-
tance to the phosphoric acid-based etching solution, so even if
the low resistance metal layers 35A to 35C in the openings are
removed with a phosphoric acid-based etching solution, the
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problem of thickness reduction for the transparent conductive
pixel electrodes 22 and the transparent conductive electrode
terminals 5A and 6A is avoided or suppressed.

The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 1 of the present invention. A con-
struction of a region 51 (a right-slanting oblique portion) on
which the pixel electrode 22 and the storage capacitor line 16
are overlaid in a planar fashion via the gate insulating layer 30
exemplifies the storage capacitor 15, though the construction
of the storage capacitor 15 is not limited thereto. The con-
struction may also be made through an insulating layer con-
taining a gate insulating layer 30 between the scan line in the
upper pixel 11 and the pixel electrode 22. Though not illus-
trated, a static electricity countermeasure in the prior art
example may be used where a transparent conductive layer
pattern 40, for the static electricity countermeasure, is dis-
posed at the outer periphery of the active substrate 2, and the
transparent conductive layer pattern 40 is connected to the
transparent conductive electrode terminals 5A and 6A, but a
formation process of openings in the gate insulating layer 30
is provided, making other static electricity countermeasures
easy.

In Embodiment 1, the number of processes is decreased by
simultaneous formation of the pixel electrodes and the signal
lines, but the number of photomasks required merely stops at
five. Streamlining other main processes to lower costs further
1s atheme of the invention, and in the below embodiments, the
innovation and inventiveness used to create a four-mask pro-
cess and even a three-mask process by streamlining other
major processes while maintaining the decrease in processes
for simultaneously forming pixel electrodes and signal lines
are described.

Embodiment 2

In Embodiment 2, first, a heat-resistant metal layer of, for
example, Cr, Ta, Mo, or the like, or an alloy or silicide thereof
is deposited as a first metal layer about 0.1 to 0.3 um thick on
the main surface of the glass substrate 2 using an SPT or other
vacuum film-depositing equipment, and scan lines 11 dou-
bling as gate electrodes 11 A and storage capacitor lines 16 are
selectively formed as shown in FIG. 3(a) and FIG. 4(a) as in
Embodiment 1.

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 including hardly any impurities, and a second
amorphous silicon layer 33 composing source and drain of an
insulating gate-type transistor including phosphorous, for
example, as an impurity are successively deposited about 0.3,
0.2, and 0.05 pum thick, for example, over the entire surface of
a glass substrate 2 using a PCVD equipment. After a thin film
layer 34 comprising a heat-resistant metal layer of, for
example, Cr, Ta, Mo, or the like, or an alloy or a silicide
thereof is deposited as a heat-resistant metal layer about 0.1
wm thick using an SPT or other vacuum film-depositing
equipment, photosensitive resin patterns 81 A and 81B having
openings (contact regions) 63A and 65A on the scan lines 11
and the storage capacitors 16 outside animage display region
and thicker than the 2-pum thickness, for example, of regions
81A at the semiconductor layer formation regions of the
insulating gate-type transistors, that is, above the gate elec-
trodes 11A and the 1-pm thickness of the other regions 81B
are formed using half-tone exposure technology. Then, the
heat-resistant metal layer 34, the second amorphous silicon
layer 33, and the first amorphous silicon layer 31 exposed in
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the openings 63A and 65A are successively etched using the
photosensitive resin patterns 81 A and 81B as masks as shown
in FIG. 3(b) and FIG. 4(b), and the gate insulating layer 30 is
exposed in the openings 63A and 65A.

Continuing, by reducing the said photosensitive resin pat-
terns 81 A and 81B by 1 pm or more using oxygen plasma or
other ashing means, the photosensitive resin patterns 81B can
be eliminated to expose the heat-resistant metal layer 34 and
the reduced photosensitive resin patterns 81C left unchanged
only above the gate electrodes 11 A as shown in FIG. 3(¢) and
FIG. 4(c). The pattern width of the photosensitive resin pat-
tern 81C, that is the island-shaped semiconductor layer, is the
sum of the size of the gate electrode 11A and the mask
alignment accuracy, so if the gate electrode 11A is 10 to 12
wm and the alignment accuracy is 3 pm, this results in 16 to
18 pum, not strict for a dimension accuracy. If the resist pattern
1s isotropically reduced 1 um during the conversion from the
resist pattern 81A to 81C, however, not only does the dimen-
sion decrease 2 pm, but the mask alignment accuracy
decreases 1 um to +2 um during subsequent source and drain
wire formation, with the effects of the latter more strict in
terms of process than the former. Accordingly, it is desirable
to increase the anisotropicity to control changes in the pattern
dimension in the said oxygen plasma treatment. In further
detail, RIE oxygen plasma treatment is desirable, and ICP or
TCP oxygen plasma treatment having a high-density plasma
sourceis even more desirable. Alternatively, measures suchas
providing for a process-based approach of designing the pat-
tern dimensions of the resist patterns 81A larger beforehand,
anticipating the amount of dimension change in the resist
pattern, are desirable.

Continuing, the heat-resistant metal layer 34, the second
amorphous silicon layer 33, and the first amorphous silicon
layer 31 are selectively left wider than the gate electrodes 11A
using the reduced photosensitive resin patterns §1C as masks
to form island-shape 34A, 33A, and 31A, exposing the gate
insulating layer 30 as shown in FIG. 3(d) and FIG. 4(d).

In this time, the state of etching of the openings 63A and
65A 1s as described below, and finally part 73 of the scan lines
11 and part 75 of the storage capacitor lines 16 are exposed,
respectively, in the openings 63A and 65A. Dry etching with
an ordinary chlorine gas is used for the etching of the heat-
resistant metal layer 34, but the gate insulating layer 30 com-
prising SiNx has resistance at that time and does not reduce,
so first the heat-resistant metal layer 34 is removed to expose
the second amorphous silicon layer 33 in the openings 63A
and 65A. Next, dry etching with a fluoride gas is used for
etching the second amorphous silicon layer 33 and the first
amorphous silicon layer 31, but by applying process condi-
tions such that the gate insulating layer 30 comprising SiNx is
etched at nearly the same rate as the amorphous silicon layers
31 and 33, etching of the gate insulating layer 30 (thickness of
0.3 pm) comprising SiNx in the openings 63 A and 65A ends
when etching of the second amorphous silicon layer 33
(thickness of 0.05 wm) and the first amorphous silicon layer
31 (thickness of 0.2 um) ends, and the part 73 of the scan lines
11 and the part 75 of the storage capacitor lines 16 are
exposed, respectively, in the openings 63A and 65A.

Ifthe etching of the second amorphous silicon layer 33 and
the first amorphous silicon layer 31 ends faster than the suit-
able etching rate, the gate insulating layer 30 in the openings
63A and 65A must be removed by over-etching, but in such a
case, the gate insulating layer 30 is already exposed over the
entire surface of the glass substrate 2, and the gate insulating
layer 30 is reduced as a whole so that a short through the
layers between the scan lines 11 and the signal wires 12
formed in a subsequent manufacturing process and a short
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through the layers between the pixel electrodes 22 and the
storage capacitor lines 16 occur readily, decreasing the yield,;
as a countermeasure thereof, a laminate made of the heat-
resistant metal layer 34, the second amorphous silicon layer
33 and the first amorphous silicon layer 31 may be left above
the storage capacitor lines 16 and proximate to intersections
of the signal line 12 and the scan line 11 similar to the
semiconductor layer formation regions, to prevent the thick-
ness reduction of the gate insulating layer 30. In further detail,
it is possible to maintain the yield with pattern design.

If the etching rate at which part 73 of the scan line 11 and
part 75 of the storage capacitor lines 16 exposed in the etching
gas or the etching solution of the heat-resistant metal layer 34
during the etching of the semiconductor layer formation
regions is extremely low, the gate insulating layer 30 may be
etched in a series all at once to expose part 73 of the scan lines
11 and part 75 of the storage capacitor lines 16 in the openings
63A and 65A, respectively, as in FIG. 5() and FIG. 6(b) for
cases such as when the heat-resistant metal layer 34 is Cr or
Mo (using an etching solution in which a mixed solution of
perchloric acid and cerium nitrate is used for Cr etching, and
in which a minute amount of ammonia is added to hydrogen
peroxide solution for Mo etching) and the scan line 11 is
comprised of an Al alloy, for example, after which oxygen
plasma treatment is carried out. Then, the heat-resistant metal
layer 34 (Cr or Mo) may be removed using the said etching
solution using the reduced photosensitive resin patterns 81C
as masks, and the second amorphous silicon layer 33 and the
first amorphous silicon layer 31 etched with dry etching to
expose the gate insulating layer 30, but basically, a selectivity
ratio 1s not obtained in dry etching equivalent to that in wet
etching using an etching solution, so in such a case, the
etching method first mentioned is adopted.

If a metal silicide with a high melting point is used as the
heat-resistant metal layer 34, it is easy to carry out etching
equally for the second amorphous silicon layer 33 and the first
amorphous silicon layer 31 with dry etching using a fluoride
gas. It is possible to remove these three thin films and the gate
insulating layer 30 in one series, but instances where a metal
silicide with a high melting point is used as the heat-resistant
metal layer 34 are not well known, so mention thereof is
omitted in the claims of the present invention, but it is desir-
able 1o use a metal silicide with a high melting point for the
heat-resistant metal layer 34 to simplify the manufacturing
process. As to problems with this, the target used at an SPT
equipment was given at the top of this document, and in
particular, the development of a large target such as one with
aside which exceeds 1 m is necessary with the recent increase
in size of manufacturing equipments for liquid crystal dis-
plays.

After the said photosensitive resin patterns 81C are
removed, 170, 1TO, for example, or a mixture thereof is
deposited as a transparent conductive layer 91 about 0.1t0 0.2
wm thick using an SPT or other vacuum film-depositing
equipment over the entire surface of the glass substrate 2
similar to in Embodiment 1, an then Al or Al (Nd) alloy thin
film layer 35 is subsequently deposited about 0.3 pm thick as
a low resistant metal layer; the Al or Al (Nd) alloy thin film
layer 35, the transparent conductive layer 91, the heat-resis-
tant metal layer 34, and the second amorphous silicon layer
33 are etched and so removed with micro-fabrication tech-
nology, the firstamorphous silicon layer 31 is etched to leave
about 0.05 t0 0.1 um, thereby selectively forming signal lines
12 doubling as source wires comprising a laminate made of
91A and 35A, and forming drain electrodes 21 of the insulat-
ing gate-type transistor doubling as pseudo-pixel electrodes
P22 comprising a laminate made of 91B and 35B, such as to
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partially overlap the gate electrodes 11A and forming pseudo-
electrode terminals P6 composing part of the signal lines and
pseudo-electrode terminals P5 of the scan lines containing
part 73 of the exposed scan lines at the same time as the
formation of source-drain wires 12 and 21 as shown in FIG.
3(e) and FIG. 4(e).

After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer over the entire surface of the glass
substrate 2 using a PCVD equipment to make a passivation
insulating layer 37, openings 38, 63 and 64 are formed on the
pseudo-pixel electrodes P22 and the pseudo-electrode termi-
nals P35 and P6, respectively, as shown in FIG. 3(f) and FIG.
4(f), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the openings are removed to
expose the transparent conductive pixel electrodes 22 and the
greater part of the transparent conductive electrode terminals
SA and 6A.

The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 2 of the present invention. The con-
struction of a storage capacitor 15 is identical to that in
Embodiment 1, though it is easy to interpolate a laminate
made of the heat-resistant metal layer 34, the second amor-
phous silicon layer 33, and the first amorphous silicon layer
31inaddition to the gate insulating layer 30 to suppress shorts
between layers through the gate insulating layer as already
described. In this case, however, the insulating layers consti-
tuting the storage capacitor 15 are made of a laminate made of
the gate insulating layer 30 and the first amorphous silicon
layer 31, so the area of the storage capacitor 15 not transmit-
ting light increases somewhat, and the decrease in the aper-
ture ratio by that amount cannot be avoided.

As described above, the number of manufacturing pro-
cesses is decreased in Embodiment 2 by using the same
photomask for the semiconductor layer formation process
and the contact formation process with half-tone exposure
technology, obtaining a liquid crystal display device using
four photomasks.

If an suitable insulating layer can be provided to the
exposed scan lines such that direct current flow between the
scan lines 11 and an opposing electrode 14 on the color filter
9 and the liquid crystal does not deteriorate, then it is possible
to decrease the contact formation process by also removing
the gate insulating layer to expose the scan lines when form-
ing the semiconductor layer regions. This is described in
Embodiment 3. In this case, half-tone exposure technology is
not required, so photomask production is extremely easy.

Embodiment 3

In Embodiment 3, the process proceeds identically to
Embodiment 1 until after forming scan lines 11 and storage
capacitor lines 16, three thin film layers comprising a first
SiNx layer 30 composing a gate insulating layer, a first amor-
phous silicon layer 31 composing a channel for an insulating
gate-type transistor including hardly any impurities, and a
second amorphous silicon layer 33 composing source-drain
of an insulating gate-type transistor including phosphorous,
for example, as an impurity are deposited 0.3, 0.2, and 0.05
pm thick, for example, and a thin film layer 34 comprising a
heat-resistant metal layer of, for example, Cr, Ta, Mo, or the
like, or an alloy or a silicide thereof is then deposited as a
heat-resistant metal layer about 0.1 pum thick using an SPT or
other vacuum film-depositing equipment.

Further as shown in FIG. 5(b) and FIG. 6(b), the heat-
resistant metal layer 34, the second amorphous silicon layer
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33, the first amorphous silicon layer 31, and the gate insulat-
ing layer are selectively removed using micro-fabrication
technology to form semiconductor layer regions comprising
laminates made of heat-resistant metal layers 34A1 to 34A4,
second amorphous silicon layers 33A1 to A4, first amorphous
silicon layers 31A1 to Ad, and gate insulating layers 30A1 to
A4, proximate to the semiconductor layer formation regions
of the insulating gate-type transistors, that is proximate to the
gate electrodes 11A, in the proximity of the regions where the
scan lines 11 and the signal lines intersect, in the proximity of
the regions where the storage capacitor lines 16 and the signal
lines 12 intersect, and in and around the storage capacitor
formation regions, that is, the greater part of the storage
capacitor lines 16, and the scan lines 11 and the storage
capacitor lines 16 are exposed.

Then, similar to Embodiment 1, IZO, ITO, for example, or
a mixture thereof is deposited as a transparent conductive
layer 91 about 0.1 to 0.2 um thick using an SPT or other
vacuum film-depositing equipment over the entire surface of
the glass substrate 2. After subsequently depositing an Al or
Al (Nd) alloy thin film layer 35 about 0.3 pm thick as a low
resistance metal layer, the signal lines 12 doubling as source
wires comprising a laminate made of 91A and 35A and drain
electrodes 21 of insulating gate-type transistors doubling as
pseudo-pixel electrodes P22 comprising a laminate made of
91B and 35B are formed such as to partially overlap the gate
electrodes 11A as shownin FIG. 5(c) and FIG. 6(c), and at the
same time as pseudo-electrode terminals P5 of the scan lines
on part of the exposed scan lines 11 and pseudo-electrode
terminals P6 composing part of the signal lines 12 are formed,
the source-drain wires 12 and 21 are formed.

After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer over the entire surface of a glass sub-
strate 2 using a PCVD equipment to make a passivation
insulating layer 37, openings 38, 63 and 64 are formed on
pseudo-pixel electrodes P22 and on pseudo-electrode termi-
nals P5 and P6, respectively, as shown in FIG. 5(d) and FIG.
6(d), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the openings are selectively
removed to expose the transparent conductive pixel elec-
trodes 22 and greater part of the transparent conductive elec-
trode terminals SA and 6A.

The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 3 of the present invention. A con-
struction of a region 51 (a right-slanting oblique portion) on
which the pixel electrode 22 and the storage capacitor line 16
are overlaid in a planar fashion via the heat-resistant metal
layer 34A4, the second amorphous silicon 33A4, the first
amorphous silicon 31Ad, and the gate insulating layer 30A4
(none of which are illustrated) as shown in FIG. 11(e) exem-
plifies the storage capacitor 15.

In this manner, the gate insulating layer is also removed
during the semiconductor layer formation process to expose
the scan lines in Embodiment 3, so the contact formation
process is streamlined, furthering the decrease in the number
of manufacturing processes without concomitant use of half-
tone exposure technology, and a liquid display device is
obtained using four photomasks, but the half-tone exposure
technology can be applied to other main processes to make a
four-mask process with different details as explained below.

Embodiment 4

In Embodiment 4, first, a heat-resistant metal layer of, for
example, Cr, Ta, Mo, or the like, or an alloy or a silicide
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thereof 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. If an anodized layer is selected as
the insulating layer to be formed on the sides of the scan lines,
it is necessary that the anodized layer maintain its insularity,
in which case, considering that Ta by itself has a high resis-
tance and that Al by itself is poor in heat-resistance, a single
layer construction of an Al (Zr, Ta, or Nd) alloy or the like
with a high heat-resistance or a laminate construction of an
Al/Ta, Ta/Al/Ta, AVAI (Ta, Zr, or Nd) alloy or the like may be
selected for the scan line to lower the resistance thereof as
already described. Al (Ta, Zr, or Nd) means an Al alloy with
high heat resistance to which no more than a number of
percent of Ta, Zr, or Nd or similar is added.

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 including hardly any impurities, and a second
amorphous silicon layer 33 composing source-drain for an
insulating type transistor including phosphorous, for
example, as an impurity are successively deposited about 0.3,
0.2, and 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 comprising a heat-resistant layer of, for
example, Ti, Cr, Mo, or the like, or a silicide thereof is then
deposited as a heat-resistant metal layer about 0.1 um thick
using an SPT or other vacuum film-depositing equipment.
Photosensitive resin patterns 82A and 82B are formed using
half-tone exposure technology such that the thickness of the
contact formation regions 82B corresponding to openings
63A and 65A on the scan lines 11 and on the storage capacitor
lines 16 outside an image display region is 1 pm, for example,
and the thickness of the regions 82A corresponding to the
scan lines 11 and the storage capacitor lines 16 is 2 um, and
the heat-resistant metal layer 34, the second amorphous sili-
con layer 33, the first amorphous silicon layer 31, the gate
insulating layer 30, and the first metal layer are selectively
removed using the photosensitive resin patterns 82A and 82B
as masks to expose the glass substrate 2 as shown in FIG. 7(a)
and F1G. 8(a).

Continuing, by reducing the said photosensitive resin pat-
terns 82A and 82B by 1 um or more using oxygen plasma or
other ashing means, the photosensitive resin pattern 828 can
be eliminated to expose the metal resistant layers 34A and
34B in the said openings 63A and 65A, and the reduced
photosensitive resin patterns 82C left unchanged above the
scan lines 11 and above the storage capacitor lines 16 as
shown in FIGS. 7(b) and 8(b). The pattern width of the pho-
tosensitive resin pattern 82C (the black region), that is, the
gate electrode 11A is the sum of the mask alignment accuracy
and the length between the source and the drain wires, so the
dimension accuracy is not strict, at 10 to 12 pum at the least
with the source-drain wire interval 4 to 6 pum and the align-
ment accuracy +3 um. Also, the pattern width for the storage
capacitor line 16 and the scan line 11 is set ordinarily at 10 pm
or wider due to the resistance value. However, because the
semiconductor layers cannot be formed wider than the gate
electrodes 11A in Embodiment 4, if the resist pattern is iso-
tropically reduced during the conversion of the resist pattern
82A to 82C, not only does the dimension decrease 2 pm, but
the mask alignment accuracy during the subsequent source-
drain wires formation decreases 1 um to +2 um, so the effects
ofthe latter are more strictinterms of process than the former.
Accordingly, it is desirable to increase the anisotropicity to
control changes in the pattern dimensions during the said
oxygen plasma treatment. Alternatively, measures such as
providing for a process-based approach of designing the pat-

20

25

40

45

60

65

26

tern dimensions of the resist pattern 82A larger beforehand,
anticipating the amount of dimension change in the resist
pattern are desirable.

Continuing, insulating layers 76 are formed in the sides of
the gate electrodes 11A as shown in FIG. 8(b). Because of
this, a connection pattern 78 is needed to provide potential
during anodization or electro-deposition at the outer periph-
ery of the glass substrate 2 and the wire 77 bundled in parallel
with the scan lines 11 (as with the storage capacitor lines 16,
whose illustration is omitted), and a film-depositing region 79
is limited to inside the pattern 78 using suitable mask means
for the amorphous silicon layers 31 and 33 and the silicon
layer nitride layer 30 made with a plasma CVD equipment
and the heat-resistant metal layer made with an SPT or other
vacuum film-depositing equipment, and it must be possible to
provide potential to the connection pattern 78 as shown in
FIG. 15. When the photosensitive resin pattern 82C (78) on
the connection pattern 78 is therefore pierced to provide a
positive potential to the connection pattern 78 (scan lines 11),
causing a chemical solution whose main ingredient is ethyl-
ene glycol to penetrate the glass substrate 2 and anodize using
connection means such as an alligator clip having sharp
points, if the scan line 11 is comprised of an Al alloy, an
aluminum oxide (Al203) is formed 0.3 pm thick having a
chemical voltage of 200 V, for example. If electro-deposition
is used, a polyimide resin layeris formed 0.3 pm thick having
an electro-deposition voltage number V using a polyimide
electro-deposition solution with a pendant carboxyl group as
shown in the literature, the November 2002 issue of Kobunshi
Kako. A point to keep in mind when forming the insulating
layers on the exposed sides of the scan lines 11 and the storage
capacitor lines 16 is that if the parallel connection of at least
the scan lines 11 is not undone at some point in the subsequent
manufacturing process, it goes without saying that trouble
will occur not only in the electrical test of the active substrate
2 but in the actual operation of the liquid crystal display
device as well. Removal means using transpiration by laser
light irradiation or mechanical excision by scribing are
simple, and so a detailed explanation thereof is omitted.

[Non-Patent Literature 1] Monthly Kobunshi Kako,
November 2002 issue

After the insulating layers 76 are formed, the heat-resistant
metal layers 34A and 34B, the second amorphous silicon
layers 33A and 33B, the first amorphous silicon layers 31A
and 31B and the gate insulating layers 30A and 30B in the
openings 63 A and 65A are selectively etched using the pho-
tosensitive resin patterns 82C as masks to expose part 73 of
the scan lines 11 and part 75 of the storage capacitor lines 16
respectively as shown in FIGS. 7(c) and 8(c).

After removing the said photosensitive resin patterns §2C,
the semiconductor layer regions comprising a laminate made
of a heat-resistant metal layer 34A, a second amorphous
silicon layer 33A, and a first amorphous silicon layer 31A is
selectively left on the gate electrodes 11A in island-forms
using micro-fabrication technology to expose the gate insu-
lating layers 30A on the scan lines 11 and the gate insulating
layers 30B on the storage capacitor lines 16 as shown in FIG.
7(d) and FIG. 8(d). If part 73 of the scan lines 11 and part 75
of the storage capacitor lines 16 exposed in the openings 63A
and 65A are covered with a photosensitive resin pattern,
problems may be easily avoided such as thickness reduction
or transmutation when part 73 of the scan lines 11 and part 75
of the storage capacitor lines 16 to form the semiconductor
layer regions. In further detail, the heat-resistant metal layer
34C, the second amorphous silicon layer 33C, and the first
amorphous silicon layer 31C partially remain at the periph-
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eries of the openings 63A and 65A, but this does not hinder
contact formation in the scan lines 11 and the storage capaci-
tor lines 16 whatsoever.

Next, similar to Embodiment 1, IZO or ITO, for example,
or a mixture thereof is deposited as a transparent conductive
layer 91 about 0.1 to 0.2 um thick over the entire surface of a
glass substrate 2 using an SPT or other vacuum film-depos-
iting equipment, and an Al or Al (Nd) alloy thin layer 35 about
0.3 um thick is subsequently deposited as a low resistance
metal layer; then, the Al or Al (Nd) alloy thin film layer 35, the
transparent conductive layer 91, the heat-resistant metal layer
34A, and the second amorphous silicon layer 33 A are etched
using micro-fabrication technology and thereby removed,
and the first amorphous silicon layer 31A is etched to leave
about 0.05 to 0.1 um, thereby selectively forming signal lines
12 doubling as source wires comprising a laminate made of
91A and 35A, and drain electrodes 21 of insulating gate-type
transistors doubling as pseudo-pixel electrodes P22 compris-
ing a laminate made of 91B and 35B, such as to partially
overlap semiconductor layer regions 34 A (the gate electrodes
11A), and forming pseudo-electrode terminals P5 of the scan
lines is formed containing the heat-resistant metal layer 34C,
the second amorphous silicon layer 33C, the first amorphous
silicon layer 31C at the peripheries of the openings 63 A and
part 73 of the exposed scan lines, and forming pseudo-elec-
trode terminals P6 composing part of the signal lines 12 at the
same time as the formation of source-drain wires 12 and 21 as
shown in FIG. 7(e) and FIG. 8(e).

After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer over the entire surface of the glass
substrate 2 using a PCVD equipment to make a passivation
insulating layer 37, openings 38, 63 and 64 are formed on the
pseudo-pixel electrodes P22 and the pseudo-electrode termi-
nals P5 and P6, respectively, as shown in FIG. 7(f) and FIG.
8(f), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the openings are removed to
expose the transparent conductive pixel electrodes 22 and
greater part of the transparent conductive electrode terminals
5A and 6A.

The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 4 of the present invention. As shown
in FIG. 7(f), the construction of the storage capacitor 15 is
exemplified by a region 51 (a right-slanting oblique portion)
on which the pixel electrode 22 and the storage capacitor line
16 are overlaid in a planar fashion via the gate insulating layer
30B.

As described above, the number of manufacturing pro-
cesses is decreased in Embodiment 4 by using the same
photomask for the scan line formation process and the contact
formation process with half-tone exposure technology,
obtaining a liquid crystal display device using four photo-
masks, but the present inventor has devised combinations for
further streamlining by which a four-mask process is enabled
having different details as exposed below.

Embodiment 5

In Embodiment 3, first, a heat resistant-metal layer of, for
example, Cr, Ta, Mo, or the like. or an alloy or a silicide
thereof, 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. When selecting an anodized layer
for an insulating layer formed on the sides of the scan lines, it
is necessary to retain insularity in the anodized layer, suitable
materials for which case have already been discussed.
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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 including hardly any impurities, and a second
amorphous silicon layer 33 composing source-drain for an
insulating gate-type transistor including phosphorous, for
example, as an impurity are successively deposited about 0.3,
0.2, and 0.05 pm thick, for example, over the entire surface of
the glass substrate 2 using a PCVD equipment. A heat-resis-
tant metal layer 34 of Ti, Cr, Mo, or the like, for example, or
a silicide thereof is deposited as a heat-resistant metal layer
about 0.1 um thick using an SPT or other vacuum film-
depositing equipment, and photosensitive resin patterns 84A
and 84B are formed using half-tone exposure technology
such that the thickness of the regions 84 A at the semiconduc-
tor layer formation regions, that is, above the gate electrodes
11A is 2 um, for example, and the thickness of the regions
84B corresponding to the scan lines 11 and the storage capaci-
tor lines 16 is 1 pm as shown in FIG. 9(a) and FIG. 10(a).
Then, the heat-resistant metal layer 34, the second amorphous
silicon layer 33, the first amorphous silicon layer 31, the gate
insulating layer 30, and the first metal layer are selectively
removed using these photosensitive resin patterns 84A and
84B as masks to expose the glass substrate 2.

Continuing, by reducing the said photosensitive resin pat-
terns 84A and 84B by 1 um or more using oxygen plasma or
other ashing means, the photosensitive resin patterns 84B can
be eliminated, exposing the heat-resistant metal layers 34A
and 34B, and leaving the reduced photosensitive resin pat-
terns 84C unchanged at the semiconductor layer formation
regions as shown in FIGS. 9(b) and 10(5). The pattern width
of the photosensitive resin pattern 84C, that is the semicon-
ductor layer formation region (gate electrode 11A) is the sum
of the mask alignment accuracy and the length between the
source and the drain wires, so the dimension accuracy is not
strict, at 10 to 12 um at the least with the source-drain wire
interval 4 to 6 um and the alignment accuracy +3 um. Never-
theless, when the resist patterns are isotropically reduced 1
wm during the conversion from the resist pattern 84 A to 84C,
not only does the dimension decrease 2 pum, but the mask
alignment accuracy decreases 1 pm to +2 um during the
formation of the subsequent source-drain wires, so the latter
is stricter 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 anisotro-
picity. Also, it is desirable to take measures such as taking a
process approach with exposure and development conditions
such that the pattern size of the resist pattern 84 A increases.

Continuing, the heat-resistant metal layers 34A and 348,
the second amorphous silicon layers 33A and 33B, and the
first amorphous silicon layers 31A and 31B are selectively
etched using the reduced photosensitive resin patterns 84C as
masks to form semiconductor layer regions comprising lami-
nates made of the heat-resistant metal layer 34A, the second
amorphous silicon layer 33 A, and the first amorphous silicon
layer 31A above the gate electrodes 11 A, and expose the gate
insulating layers 30A and 30B on the scan lines 11 and stor-
age capacitor lines 16, respectively, as shown in FIGS. 9(c)
and 10(c).

After removing the said photosensitive resin patterns 84C,
insulating layers 76 are formed on the sides of the gate elec-
trodes 11A. Because of'this, aconnection pattern 78 is needed
to provide potential during anodization or electro-deposition
at the outer periphery of the glass substrate 2 and the wire 77
bundled in parallel with the scan lines 11 (as with the storage
capacitor lines 16 whose illustration is omitted), and a film-
depositing region 79 is limited to inside the pattern 78 using
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suitable mask means for the amorphous silicon layers 31 and
33 and the silicon nitride layer 30 made with a PCVD equip-
ment, and the heat-resistant metal layer 34 made with an SPT
or other vacuum film-depositing equipment; at the least, the
connection pattern 78 needs to be exposed as shown in FIG.
16. When a positive potential is provided to the scan lines 11
to cause a chemical solution whose main ingredient is ethyl-
ene glycol to penetrate the glass substrate 2 and anodize using
connection means such as an alligator clip having sharp
points on the connection pattern 78, if the scan line 11 is
comprising of an Al alloy, an aluminum oxide (A1203) is
formed 0.3 pm thick having a chemical voltage of 200V, for
example. If electro-deposition is used, a polyimide resin layer
is formed 0.3 um thick having an electro-deposition voltage
number V using a polyimide electro-deposition solution with
a pendant carboxyl group as described above. It should not be
forgotten that there are secondary effects in Embodiment 5
wherein the pinholes generated in the gate insulating layers
30A and 30B on the scan lines 11 and on the storage capacitor
lines 16 are embedded with polyimide resin or aluminum
oxide, which is an insulating layer, due to the formation of the
insulating layer 76, so shorts through the layers between the
source-drain wires 12 and 21 described below and the scan
lines 11 and the storage capacitors 16 are suppressed.

Openings 63A and 65A are formed in the contact forma-
tion regions of the scan lines 11 and the storage capacitors line
16 outside the image display region using micro-fabrication
technology as shown in FIGS. 9(d) and 10(d), and the gate
insulating layers 30A and 30B in the openings 63A and 65B
are selectively removed to expose part 73 of the scan lines 11
and part 75 of the storage capacitor linse 16 respectively.

Next, similar to Embodiment 1, IZO or ITO, for example,
or a mixture thereof is deposited as a transparent conductive
layer 91 about 0.1 to 0.2 um thick over the entire surface of the
glass substrate 2 using an SPT or other vacuum film-depos-
iting equipment, and the Al or Al (Nd) alloy thin layer 35
about 0.3 pm thick is subsequently deposited as a low resis-
tance metal layer; then, the Al or Al (Nd) alloy thin film layer
35, the transparent conductive layer 91, and the second amor-
phous silicon layer 33A are etched with micro-fabrication
technology and thereby removed; and then the first amor-
phous silicon layer 31A is etched to leave about 0.05 to 0.1
jum, thereby selectively forming signal lines 12 doubling as
source wires comprising a laminate made of 91A and 35A,
and drain electrodes 21 for insulating gate-type transistors
doubling as pseudo-pixel electrodes P22 comprising a lami-
nate made of 91B and 35B such as to partially overlap the
semiconductor layer regions 34A (gate electrodes 11A), as
shown in FIG. 9(e) and FIG. 10(e), and forming pseudo-
electrode terminals P5 of the scan lines containing part 73 of
the scan lines exposed in openings 63 A, and forming pseudo-
electrode terminals P6 composing part of the signal lines 12 at
the same time as the formation of source-drain wires 12 and
21.

After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer using a PCVD equipment over the
entire surface of the glass substrate 2 to make a passivation
insulating layer 37, openings 38, 63 and 64 are formed on the
pseudo-pixel electrodes P22 and on the pseudo-electrode ter-
minals P5 and P6, respectively, as shown in FIG. 9(f) and FIG.
10(f), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the respective openings are
selectively removed to expose the transparent conductive
pixel electrodes 22 and greater part of transparent conductive
electrode terminals SA and 6A.
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The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 5 of the present invention. A storage
capacitor 15 is constructed identically to that in Embodiment
4 with a region 51 (a right-slanting oblique portion) on which
the pixel electrode 22 and the storage capacitor line 16 are
overlaid in a planar fashion via the gate insulating layer 30B,
as shown in FIG. 9(f).

As described above, the scan line formation process and
the semiconductor layer formation process, furthermore the
source-drain formation process and the pixel electrode for-
mation process, are streamlined by using one mask with
half-tone exposure technology to obtain a liquid display
device in Embodiment 5 with four photomasks. Still, by
rearranging the sequence of the photolithographic etching
processes from the perspective of not having them conven-
tionally, it is possible to reduce the number of manufacturing
processes a bit more. This is described in Embodiment 6.

Embodiment 6

To begin with, in Embodiment 6, a heat resistant-metal
layer of, for example, Cr, Ta, Mo, or the like, or an alloy or a
silicide thereof is deposited as a first metal layer 92 about 0.1
to 0.3 um thick on the primary surface of a glass substrate 2
using an SPT or other vacuum film-depositing equipment as
in Embodiment 5.

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 including hardly any impurities, and a second
amorphous silicon layer 33 composing a source and drain for
an insulating gate-type transistor including phosphorous, for
example, as an impurity are successively deposited about 0.3,
0.2, and 0.05 pum thick, for example, over the entire surface of
a glass substrate 2 using a PCVD equipment. Then a thin film
layer 34 comprising a heat-resistant metal layer of, for
example, Ti, Cr, Mo, or the like, or a silicide thereof is depos-
ited 0.1 um thick using an SPT or other vacuum film-depos-
iting equipment, and a semiconductor layer region compris-
ing a laminate made of a heat-resistant metal layer 34A, a
second amorphous silicon layer 33A, and a first amorphous
siliconlayer 31A is selectively formed with micro-fabrication
technology to expose the gate insulating layer 30 as shown in
FIG. 11(a) and FIG. 12(a).

Continuing, photosensitive resin patterns §2A and 82B are
formed using half-tone exposure technology such that the
thickness of the region 82B corresponding to the openings
63A and 65A, which are contact formation regions, is 1 pum,
for example, and the thickness of the regions 82A corre-
sponding to the scan lines 11 and the storage capacitors 16 is
2 um, and at the least the gate insulating layer 30 and the first
metal layer 92 are selectively removed using the photosensi-
tive resin patterns 82A and 82B as masks to expose the glass
substrate 2 as shown in FIG. 11(5) and 12(b). Although it is
logical to set the pattern width of the photosensitive resin
pattern 82A a bit larger than the semiconductor layer region
comprising a laminate made of the heat-resistant metal layer
34A, the second amorphous silicon layer 33 A, and the first
amorphous silicon layer 31A, a defect then occurs where the
size of the insulating gate-type transistor becomes somewhat
large. On the other hand, even if the pattern width of the
photosensitive resin pattern 82A is set somewhat smaller than
the semiconductor layer region comprising the said laminate,
the semiconductor layer comprising the said laminate acts as
a mask during etching of the gate insulating layer 30 and the
first metal layer 92 and so is also etched, tapering its cross-
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sectional form, so in either case, the pattern width of the
semiconductor layer comprising the said laminate becomes
smaller than the gate insulating layer 30A and the gate elec-
rode 11A.

Continuing, by reducing the said photosensitive resin pat-
terns 82A and 82B by 1 pum or more using oxygen plasma or
other ashing means, the photosensitive resin patterns 82B can
be eliminated, exposing the gate insulating layers 30A and
30B in the openings 63A and 65A, and leaving the reduced
photosensitive resin patterns 82C unchanged on the scan lines
11 and the storage capacitor lines 16 as shown in FIGS. 11(c)
and 12(c). Accordingly, it is desirable to increase the aniso-
tropicity to control changes in the pattern dimensions during
the said oxygen plasma treatment. Alternatively, it has
already been discussed that measures such as providing for a
process-approach by designing the pattern dimension of the
resist pattern 82A larger beforehand, anticipating the amount
of dimension change in the resist pattern are desirable.

Then, insulating layers 76 are formed in the sides of the
gate electrodes 11A as shown in FIG. 12(c). Because of this,
as in Embodiment 4, a connection pattern 78 is needed to
provide potential during electro-deposition or anodization at
the periphery of the glass substrate and the wire 77 bundled in
parallel with the scan line 11, furthermore a film-depositing
region 79 is limited to the inside of the connection pattern 78
using suitable mask means for the amorphous silicon layers
31 and 33 and the silicon nitride layers 30 made by a PCVD
equipment and the heat-resistant metal layer 34 made with an
SPT, and potential must be provided to the connection pattern
78 as shown in FIG. 15. The photosensitive resin pattern 82C
(78) on the connection pattern 78 is therefore pierced to
provide a positive potential to the scan lines 11, causing a
chemical solution whose main ingredient is ethylene glycol to
penetrate the glass substrate 2 and anodize using connection
means such as an alligator clip having sharp points, and an
aluminum oxide (A1203) layer, which is an anodized layer, or
a polyimide resin layer using a polyimide electro-deposition
solution including a pendant carboxyl group through elec-
trode-position is formed.

After the formation of the insulating layers 76, the gate
insulating layers 30A and 30B in the openings 63A and 65A
are selectively etched using the reduced photosensitive resin
patterns 82C as masks to expose part 73 of the scan lines 11
and part 75 of the storage capacitor lines 16 respectively as
shown in FIGS. 11(d) and 12(d).

Then, the reduced photosensitive resin patterns 82C are
removed, 1ZO or ITO, for example, or a mixture thereof is
deposited as a transparent conductive layer 91 about 0.1 t0 0.2
um thick using an SPT or other vacuum film-depositing
equipment over the entire surface of the glass substrate 2, and
an Al or Al (Nd) alloy thin film layer 35 about 0.3 pm thick is
subsequently deposited as a low resistance metal layer. The Al
or Al (Nd) alloy thin film layer 35, the transparent conductive
layer 91, and the second amorphous silicon layer 33A are
removed by etching using micro-fabrication technology, and
about 0.05to 0.1 pm of the first amorphous silicon layer 31 A
is left by etching, thereby selectively forming signal lines 12
doubling as source wires comprising a laminate made of 91A
and 35A, and drain electrodes 21 for insulating gate-type
transistors doubling as pseudo-pixel electrodes P22 compris-
ing a laminate made of 91B and 35B, such as to partially
overlap the semiconductor regions 34 A, and forming pseudo-
electrode terminals P5 of the scan lines containing part 73 of
the scan lines exposed in the opening 63A, and forming
pseudo-electrode terminals P6 composing part of the signal
lines 12 at the same time as the formation of the source-drain
wires 12 and 21, as shown in FIG. 11(¢) and FIG. 12(e).
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After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer over the entire surface of the glass
substrate 2 using a PCVD equipment to make a passivation
insulating layer 37, openings 38, 63 and 64 are formed on the
pseudo-pixel electrodes P22 and the pseudo-electrode termi-
nals P5 and P6, respectively, as shown in FIG. 11(f) and FIG.
12(f), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the openings are removed to
expose the transparent conductive pixel electrodes 22 and the
greater part of the transparent conductive electrode terminals
5A and 6A.

The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 5 of the present invention. A storage
capacitor 15 is constructed identically to that in Embodiment
4 with a region 51 (a right-slanting oblique portion) on which
the pixel electrode 22 and the storage capacitor line 16 are
overlaid in a planar fashion via the gate insulating layer 30B
as shown in FIG. 11(f).

As shown in Embodiment 3, if a suitable insulating layer
can be provided to the exposed scan lines such that a direct
current flows between the scan lines 11 and the opposing
electrode 14 on the color filter 9 and the liquid crystal does not
deteriorate, the contact formation process can be eliminated
by removing the gate insulating layer to expose the scan lines
during the formation of the semiconductor layer regions. In
Embodiment 7, as a result of reducing the scan line formation
process and the semiconductor layer formation process
through half-tone exposure technology, insulating layers are
formed by electro-deposition or anodization on the sides of
the exposed scan lines so that the scan lines and signal lines
can intersect, and a passivation insulating layer is used in the
conventional manner as an insulating layer on the glass sub-
strate so as to obtain a liquid crystal display device in which
the exposed scan lines are once again insulated.

Embodiment 7

To begin with, in Embodiment 7, a first metal layer 92 is
deposited about 0.1 to 0.3 wm thick on a primary surface of a
glass substrate 2 using an SPT or other vacuum film-depos-
iting equipment. Next, three thin film layers comprising a first
SiNx layer 30 composing a gate insulating layer, a first amor-
phous silicon layer 31 composing a channel for an insulating
gate-type transistor including hardly any impurities, and a
second amorphous silicon layer 33 composing source-drain
of an insulating to 84A4 and 84B are reduced at least 1 pm
using oxygen plasma or other ashing means to eliminate the
photosensitive resin patterns 84B. The heat-resistant metal
layers 34A and 34B may be exposed, and the reduced photo-
sensitive resin patterns 84C1 to 84C4 left unchanged only
above the gate electrodes 11A, at the regions proximate to
where the scan lines 11 and the signal lines 12 intersect, at the
regions proximate to where the storage capacitor lines 16 and
the signal lines 12 intersect, and above the greater part of the
storage capacitor lines 16 as shown in FIGS. 13() and 14(5).
In the said oxygen plasma treatment, it has already been
described that it is desirable to control change in the pattern
dimensions by increasing the anisotropicity such that the
mask alignment accuracy in the subsequent source-drain wire
formation process does not drop.

Then, insulating lavers 76 are formed in the sides of the
gate electrodes 11A as shown in FIG. 14(b). Because of this,
a connection pattern 78 is needed to provide potential during
anodization or electro-deposition at the outer periphery of the
glass substrate 2 and the wire 77 bundled in parallel with the
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scan lines 11 (as with the storage capacitor lines 16 whose
illustration is omitted), and a film-depositing region 79 is
limited to inside the pattern 78 using suitable mask means for
the amorphous silicon layers 31 and 33 and the silicon nitride
layers 30 made with a PCVD equipment, and the heat-resis-
tant metal layer 34 made with an SPT equipment; at the least,
it must be possible to provide potential to the connection
pattern 78 as shown in FIG. 17. A photosensitive resin pattern
84C6 (78) on the connection pattern 78 is therefore pierced to
provide a positive potential to the connection pattern 78 (scan
lines 11), causing a chemical solution whose main ingredient
is ethylene glycol to penetrate the glass substrate 2 and anod-
ize using connection means such as an alligator clip having
sharp points, and an aluminum oxide (A1203) layer, which is
an anodized layer, or a polyimide resin layer using a polyim-
ide electro-deposition solution including a pendant carboxyl
group through electro-deposition is formed.

Continuing, laminates comprising the heat-resistant metal
layers 34 A, the second amorphous silicon layers 33A, the first
amorphous silicon layers 31A, and the gate insulating layers
30A are selectively left on the gate electrodes 11 A and on the
regions proximate to where the scan lines 11 and the signal
lines 12 intersect using the reduced photosensitive resin pat-
terns 84C1 to 84C4 as masks; laminates comprising the heat-
resistant metal layer 34B, the second amorphous silicon lay-
ers 33B, the first amorphous silicon layers 31B, and the gate
insulating layers 30B are left on the greater part of the storage
capacitor lines 16 and on the regions proximate to where the
storage capacitor lines 16 and the signal lines 12 intersect; the
heat-resistant metal layers 34A, the second amorphous sili-
con layers 33 A, the first amorphous silicon layers 31A, and
the gate insulating layers 30A on the scan lines 11 are etched
to expose the scan lines 11, and at the same time, the heat-
resistant metal layers 34B, the second amorphous silicon
layers 33B, the first amorphous silicon layers 31B, and the
gate insulating layers 30B on the storage capacitor lines 16
are etched to expose the storage capacitor lines 16 except the
storage capacitor formation regions as shown in FI1G. 13(¢)
and FIG. 14(c). gate-type transistor including impurities are
successively deposited about 0.3, 0.2, and 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 comprising a
heat-resistant metal layer of, for example, Ti, Cr, Mo, or the
like, or a silicide thereofis deposited as a heat-resistant metal
layer about 0.1 wm thick using an SPT or other vacuum
film-depositing equipment. Then photosensitive resin pat-
terns 84A1 to 84Ad and 84B are formed using half-tone
exposure technology such that the thickness of the regions
84A1 at the semiconductor layer formation regions, that is,
above the gate electrodes 11A, 84A2 proximate to the regions
where the scan lines 11 and the signal lines 12 intersect, 84A3
proximate to the regions where the storage capacitor lines 16
and the signal lines 12 intersect, and 84 A4 above the storage
capacitor formation regions, that is, the greater part of the
storage capacitor 16 lines are 2 pm, for example, and the
thickness of the photosensitive resin patterns 84B corre-
sponding to the scan lines 11 doubling as the gate electrodes
11A and the storage capacitor lines 16 is 1 um, and the metal
layer 92 is selectively removed in addition to the heat-resis-
tant metal layer 34, the second amorphous silicon layer 33,
the first amorphous silicon layer 31, and the gate insulating
layer 30 to expose the glass substrate 2 using the photosensi-
tive resin patterns 84A1 to 84 A4 and 84B as masks as shown
in FIG. 13(a) and FIG. 14(a).
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After obtaining the multi-layer film patterns corresponding
to the storage capacitor lines 16 and the scan lines 11 doubling
as the gate electrodes 11A in this manner, the said photosen-
sitive resin patterns 84A1

After the said photosensitive resin patterns 84C1 to 84C4
areremoved, IZO or ITO, for example, or a mixture thereof'is
deposited as a transparent conductive layer 91 about 0.110 0.2
pm thick using an SPT or other vacuum film-depositing
equipment over the entire surface of the glass substrate 2, and
an Al or Al (Nd) alloy thin film layer 35 about 0.3 um thick is
subsequently deposited as a low resistance metal layer. Then
the Al or Al (Nd) alloy thin film layer 35, the transparent
conductive layer 91, and the second amorphous silicon layer
33A is etched and thereby removed using micro-fabrication
technology, and the first amorphous silicon layer 31A is
etched to leave about 0.05 to 0.1 um, and source wires 12
doubling as signal lines comprising a laminate made of 91A
and 35A, and drain electrodes 21 for insulating gate-type
transistors doubling as pseudo-pixel electrodes P22 compris-
ing a laminate made of 91B and 35B are thereby selectively
formed such as to partially overlap with the semiconductor
layer regions 34A (the gate electrodes 11A) as shown in FIG.
13(d) and FIG. 14(d), and forming pseudo-electrode termi-
nals P5 of the scan lines containing part of the exposed scan
lines 11, and forming pseudo-electrode terminals P6 compos-
ing part of the signallines 12 at the same time as the formation
of the source-drain wires 12 and 21.

After the formation of the source-drain wires 12 and 21, a
second SiNx layer about 0.3 um thick is deposited as a trans-
parent insulating layer over the entire surface of the glass
substrate 2 using a PCVD equipment to make a passivation
insulating layer 37, openings 38, 63 and 64 are formed on the
pseudo-pixel electrodes P22 and the pseudo-electrode termi-
nals P5 and P6, respectively, as shown in FIG. 13(e) and FIG.
14(e), and the passivation insulating layer and the low resis-
tance metal layers 35A to 35C in the openings are removed to
expose the transparent conductive pixel electrodes 22 and the
greater part of the transparent conductive electrode terminals
5A and 6A.

The active substrate 2 thus obtained and the color filter 9
are attached together to form a liquid crystal panel, thereby
completing Embodiment 7 of the present invention. The con-
struction of a region 51 (a right-slanting oblique portion) on
which the pixel electrode 22 and the storage capacitor line 16
are overlaid in a planar fashion via the heat-resistant metal
layer 34B, the second amorphous silicon layer 33B, the first
amorphous silicon layer 31B, and the gate insulating layer
30B exemplifies the storage capacitor 15 as shown in FIG.
13(e), and is essentially identical to that in Embodiment 3
except for the addition of the insulating layers 76.

The invention claimed is:

1. A liquid crystal display device in which liquid crystal is
filled between a first transparent insulating substrate (active
substrate) in which unit pixels having at least an insulating
gate transistor, a scan line doubling as a gate electrode and a
signal line doubling as a source wire of the said insulating
gate transistor, and a pixel electrode connected to a drain wire
on a main surface are arranged in a two-dimensional matrix
and a second transparent insulating substrate or a color filter
opposing the first transparent insulating substrate character-
ized by the fact that at least:

source wires doubling as signal lines and drain wires dou-

bling as pseudo-pixel electrodes, both comprising a
laminate made of a transparent conductive layer and a
low-resistance metal layer sequentially, are connected to
the first semiconductor layers not including impurities
forming channels via second semiconductor layers
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including impurities and heat-resistant metal layers
sequentially, wherein the heat-resistant metal layers are
located between the transparent conductive layer and the
second semiconductor layers including impurities, and

the low-resistant metal layers of the psendo-pixel elec-
trodes in the openings formed in a passivation insulating
layer on the first transparent insulating substrate are
removed to expose transparent conductive pixel elec-
trodes.

2. The liquid crystal display device according to claim 1
characterized in that,

scan lines comprising a metal layer of one or more layers
are formed on a main surface of the first transparent
insulating substrate,

first semiconductor layers not including impurities are
formed in island shapes wider than gate electrodes
through a gate insulating layer of one or more layers
above the gate electrodes,

a pair of source-drain electrodes comprising a laminate of
asecond semiconductor layer including impurities and a
heat-resistant metal layer are formed to overlap the gate
electrodes on the first semiconductor layers,

openings are formed in a gate insulating layer on the scan
lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are
formed on the source electrodes and on the gate insulat-
ing layer, transparent conductive pixel electrodes are
formed on the drain electrodes and on the gate insulating
layer having low-resistance metal layers laminated in
peripheries thereof, transparent conductive electrode
terminals of the scan line are formed containing the said
openings on the gate insulating layer, and transparent
conductive electrode terminals of the signal line com-
posing part of the signal lines are formed outside an
image display region, and

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan line
and the signal lines are formed on the first transparent
insulating substrate.

3. A manufacturing method for a liquid crystal device in
which liquid crystal is filled between a first transparent insu-
lating substrate (active substrate) in which unit pixels having
atleast an insulating gate-type transistor, a scan line doubling
as a gate electrode and a signal line doubling as a source wire
of the said insulating gate-type transistor, and a pixel elec-
trode connected to a drain wire are arranged in a two-dimen-
sional matrix and a second transparent insulating substrate or
acolorfilter opposing the first transparent insulating substrate
having at least:

a process for forming semiconductor layers comprising a
laminate made of a first semiconductor layer not includ-
ing impurities, a second semiconductor layer including
impurities, and a heat-resistant metal layer sequentially,
above the gate electrodes through the gate insulating
layer,

aprocess for forming source wires for insulating gate-type
transistors doubling as signal lines and drain wires dou-
bling as pseudo-pixel electrodes, both comprising a
laminate made of a transparent conductive layer and a
low-resistance metal layer sequentially, wherein the
heat-resistant metal layers are located between the trans-
parent conductive layer and the second semiconductor
layers including impurities, and

a process for forming openings on the said pseudo-pixel
electrodes after a passivation insulating layer is depos-
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ited, and for removing the passivation insulating layer
and the low-resistance metal layer to expose transparent
conductive pixel electrodes.

4. A manufacturing method for the liquid crystal display

5 device recited in claim 3 having,
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a process for forming scan lines comprising a first metal
layer of one or more layers on a main surface of the first
transparent insulating substrate,

aprocess for successively depositing a gate insulating layer
having one or more layers, a first amorphous silicon
layer including no impurities, a second amorphous sili-
con layer including impurities, and a heat-resistant
metal layer,

a process for forming laminates comprising the heat-resis-
tant metal layer, the second amorphous silicon layer, and
the first amorphous silicon layer wider than the gate
electrodes in island shapes above the gate electrodes to
expose the gate insulating layer,

a process to form openings in a gate insulating layer on the
scan lines outside an image display region to expose part
of the scan lines,

aprocess for selectively removing the low-resistance metal
layer, the transparent conductive layer, the heat-resistant
metal layer, and the second amorphous silicon layer
after depositing a transparent conductive layer and a
low-resistance metal layer, and forming source wires
(signal lines) and the drain wires composing the pseudo-
pixel electrodes, both comprising a laminate made of a
low-resistance metal layer and a transparent conductive
layer such as to partially overlap the gate electrodes on
the gate insulating layer, and forming pseudo-electrode
terminals of the scan lines comprising a laminate made
of a low-resistance metal layer and a transparent con-
ductive layer containing the said openings, and forming
pseudo-electrode terminals of the signal lines compos-
ing part of the signal lines outside an image display
region, and

a process for forming openings on the said pseudo-pixel
electrodes and on the pseudo-electrode terminals of the
scan lines and the signal lines after depositing a passi-
vation insulating layer, and removing the passivation
insulating layer and the low-resistance metal layer to
expose the transparent conductive pixel electrodes and
transparent conductive electrode terminals of the scan
lines and the signal lines.

5. The liquid crystal display device according to claim 1

characterized in that,

scan lines comprising a metal layer of one or more layers is
formed on a main surface of the first transparent insu-
lating substrate,

laminates made of a gate insulating layer and a first semi-
conductor layer not including impurities are formed in
island shapes on the gate electrodes wider than the gate
electrodes and also formed in island shapes wider than
the scan lines proximate to the intersections of the scan
lines and the signal lines,

a pair of source-drain electrodes comprising a laminate of
a second semiconductor layer including impurities and a
heat-resistant metal layer are formed such as to overlap
the gate electrodes on the first semiconductor layers
above the gate electrodes, and laminates made of a sec-
ond semiconductor layer including impurities and a
heat-resistant metal layer are formed in island shapes on
the first semiconductor layers at the intersections of the
scan lines and the signal lines,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are
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formed on the source electrodes, on the first transparent
insulating substrate, and on the heat-resistant metal lay-
ers above the intersections of the scan lines and the
signal lines, transparent conductive pixel electrodes are
formed on the drain electrode and on the first transparent
insulating substrate having low-resistance metal layers
laminated in the peripheries thereof, transparent con-
ductive electrode terminals of the scan line are formed
containing part of the scan lines on the first transparent
insulating substrate outside an image display region, and
transparent conductive electrode terminals of the signal
lines composing part of the signal line are formed out-
side an image display region, and

a passivation insulating layer having openings on the pixel
electrodes and on electrode terminals of the scan lines
and the signal lines is formed on the first transparent
insulating substrate.

6. The liquid crystal display device according to claim 1

characterized in that,

scan lines comprising a metal layer of one or more layers
with insulating layers on their sides are formed ona main
surface of the first transparent insulating substrate,

gate insulating layers of one or more layers are formed on
the scan lines,

first semiconductor layers not including impurities are
formed in island shapes on the gate insulating layers
above the gate electrodes,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impu-
rities and a heat-resistant metal layer are formed on the
first semiconductor layers,

openings are formed in the gate insulating layers on the
scan lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are
formed on the source electrodes and on the first trans-
parent insulating substrate, transparent conductive pixel
electrodes are formed on the drain electrodes and on the
first transparent insulating substrate having low-resis-
tance metal layers laminated in the peripheries thereof,
transparent conductive electrode terminals of the scan
lines are formed on the openings and on laminates made
ofthe first semiconductor layer, the second semiconduc-
tor layer, and the heat-resistant metal layer at the periph-
eries of the openings, and transparent conductive elec-
trode terminals of the signal lines are formed composing
part of the signal lines outside an image display region,
and

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan
lines and the signal lines is formed on the said first
transparent insulating substrate.

7. The liquid crystal display device recited in claim 1

characterized in that,

scan lines comprising a metal layer of one or more layers
with insulating layers on their sides are formed ona main
surface of the first transparent insulating substrate,

gate insulating layers of one or more layers are formed on
the scan lines,

first semiconductor layers not including impurities are
formed in island shapes on the gate insulating layers
above the gate electrodes,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impu-
rities and a heat-resistant metal layer are formed on the
said first semiconductor layers,
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openings are formed in the gate insulating layers on the
scan lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are
formed on the source electrodes and on the first trans-
parent insulating substrate, transparent conductive pixel
electrodes are formed on the drain electrodes and on the
first transparent insulating substrate having low-resis-
tance metal layers in peripheries thereof, transparent
conductive electrode terminal ofthe scan line are formed
containing the openings, and transparent conductive
electrode terminals of the signal line are formed com-
posing part of the signals line outside an image display
region, and

a passivation insulating layer having openings on the plxel
electrodes and on the electrode terminals ofthe scan line
and the signal lines is formed on the first transparent
insulating substrate.

8. The liquid crystal display device according to claim 1

characterized in that,

scan lines comprising a metal layer of one or more layers
and with insulating layers on their sides are formed on a
main surface of the first transparent insulating substrate,

gate insulating layers of one or more layers are formed on
the scan lines,

first semiconductor layers not including impurities are
formed in island shapes slightly smaller than the gate
insulating layers on the gate insulating layers above the
gate electrodes,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impu-
rities and a heat-resistant metal layer are formed on the
first semiconductor layers,

openings are formed in the gate insulating layers on the
scan lines to expose part of the scan lines in the openings
outside an image display region,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are
formed on the source electrodes and on the first trans-
parent insulating substrate, transparent conductive pixel
electrodes are formed on the drain electrodes and on the
first transparent insulating layer having low-resistance
metal layers in peripheries thereof, transparent conduc-
tive electrode terminals of the scan lines are formed
containing the openings, and transparent conductive
electrode terminals of the signal lines composing part of
the signal lines are formed outside an image display
region,

a passivation insulating layer having openings on the pixel
electrodes and on the electrode terminals of the scan
lines and the signal line is formed on the said first trans-
parent insulating substrate.

9. The liquid crystal display device according to claim 1

characterized in that,

scan line comprising a metal layer of one or more layers
withinsulating layers on their sides are formed on a main
surface of the first transparent insulating substrate,

laminates made of a gate insulating layer and a first semi-
conductor layer not including impurities are formed in
island shapes above the gate electrodes and also formed
in island shapes on the scan lines proximate to intersec-
tions of the signal lines and the scan lines,

a pair of source-drain electrodes comprising a laminate
made of a second semiconductor layer including impu-
rities and a heat-resistant metal layer are formed on the
first semiconductor layers above the gate electrodes, and
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laminates made of a second semiconductor layer includ-
ing impurities and a heat-resistant metal layer are
formed on the first semiconductor layers at intersections
of the scan lines and the signal lines,

signal lines comprising a laminate made of a transparent
conductive layer and a low-resistance metal layer are
formed on the source electrodes, on the first transparent
insulating substrate, and on the heat-resistant metal lay-
ers at the intersection of the scan lines and the signal
lines, transparent conductive pixel electrodes are formed
on the drain electrodes and on the first transparent insu-
lating substrate having low-resistance metal layers in
peripheries thereof, transparent conductive electrode
terminals of the scan lines are formed containing part of
the scan lines on the first transparent insulating substrate
outside of an image display region, and transparent con-

40

ductive electrode terminals of the signal lines compos-
ing part of the signal lines are formed outside an image
display region, and

a passivation insulating layer having openings on the said
pixel electrodes and on the electrode terminals of the
scan lines and the signal lines is formed on the said first
transparent insulating substrate.

10. A liquid crystal display device recited in claim 6,7, 8 or

9 characterized in that insulating layers formed in the sides of
10 the scan lines are organic insulating layers.

11. A liquid crystal display device recited in claim 6,7, 8 or

9 characterized in that insulating layers formed in the sides of
the scan lines comprising an anodizable metal layer that is a
first metal layer are anodized layers thereof.
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