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7) ABSTRACT

A TFT array substrate including: an insulating substrate, a
gate electrode, a gate electrode line, an insulating film, a
semiconductor layer, a contact layer, a source electrode, a
drain electrode, a source electrode line, an interlayer insu-
lating film, a pixel electrode, and a connecting line which is
made of a same material that of the pixel electrode and
connects electrically between the gate electrode line and the
source electrode line through a second contact hole provided
in the insulating film and a third contact hole provided in the
interlayer insulating film.

2 Claims, 21 Drawing Sheets
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TFT ARRAY SUBSTRATE AND METHOD OF
MANUFACTURING THE SAME AND
METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY USING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to an active matrix liquid
crystal display (hereinafter referred to as AMLCD) in which
a thin film transistor (hereinafter referred to as TFT) array
substrate in which TFTs are provided as switching elements
is provided and to a method of manufacturing TFT array
substrate for AMLCD.

FIG. 18 is a diagram of an equivalent circuit of the
AMLCD, and FIG. 19 is a diagram of equivalent circuit of
one pixel of the AMLCD.

In FIGS. 18 and 19, reference numeral 21 denotes a TFT,
reference numeral 2 denotes a gate line (gate electrode ling),
reference numeral 9 denotes a source line (source electrode
line), reference numeral 22 denotes a pixel capacitance
provided by a liquid crystal material in the equivalent circuit
(hereinafter referene numeral 22 denotes directly liquid
crystal display), reference numeral 23 denotes a storage
capacitance, reference numeral 4 denotes a common line for
storage capacitance connected to the storage capacitance,
reference numeral 24 denotes a connecting portion short-
circuiting between a gate line 2 and a source line 9, reference
numeral 25 denotes a source side drive circuit which is a
drive circuit provided on source lines side, reference
numeral 27 denotes a terminal for applying electric voltage
to a common line 4.

FIG. 20 is a plan view showing one pixel in a TFT array
substrate in which channel etch type TFT is provided. FIGS.
21(a) to 21(f) are sectional views showing a manufacturing
step for a portion taken along an F—F line shown in FIG. 20.
In FIG. 20 and FIGS. 21(a) to 21(f), a reference nuemral 1
denotes an insulating substrate made of an insulating mate-
rial (transparent material can also be employed) such as
glass, a reference numeral 3 denotes a gate electrode made
of a metal material such as chrome or the like connected to
a gate line 2, a reference numeral 4 denotes a common line
made of a metal material such as chrome or the like formed
on the insulating substrate 1, reference numeral 5 denotes a
gate insulating film formed in such a manner that the gate
insulating film covers a gate line 2, a gate electrode 3 and a
common line 4, reference numeral 6 denotes a semiconduc-
tor layer made of semiconductor material such as non-doped
amorphous silicon or the like formed through a gate insu-
lating film § on a gate electrode 3, reference numeral 7
denotes a contact layer which is formed on the semiconduc-
tor layer 6 and is made of a semiconductor film such as
silicon or the like doped with impurites such as phosphorus
(P) or the like. One portion of the contact layer correspond-
ing to the upper portion of the active area is removed by
etching, so that the contact layer includes an etched-off
region 8, and is divided into two areas shown by references
7a and 7b depending upon the etched-off region 8. Refer-
ence numeral 14 denotes a pixel electrode made of a
transparent conductive film such as indium tin oxide (ITO)
or the like. The pixel electrode is used to apply a driving
voltage upon liquid crystal material. Reference numeral 10
denotes a source electrode formed on a contact layer 7a and
connected with source line 9, reference numeral 11 denotes
a drain electrode formed on the contact layer 7b, reference
numeral 28 denotes a contact hole formed for electrically
connecting a gate line 2 with a source line 9, reference
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numeral 29 denotes a passivation film made of silicon nitride
or the like, for covering the whole of outer surface of TFT
array substrate.

Manufacturing steps are described below.

As shown in FIG. 21(a), one of chrome (Cr), aluminum
(Al), molybdenum (Mo), molybdenum-tungsten (Mo—W)
or the like is deposited on insulating substrate 1. Then the
deposited film is patterned by using a resist (photoresist)
formed through photolithography process, in order to form
gate line 2, gate electrode 3 and common line 4. As shown
in FIG. 21(b), there are continuously formed a gate insulat-
ing film 5 composed of silicon nitride or the like, a semi-
conductor film such as amorphous silicon by, for example,
a plasma CVD method. Also, when TFT is n-type TFT,
n*-amorphous silicon or the like in which impurities such as
phosphorus are doped in high concentration by, for example,
a plasma CVD method. Then, the semiconductor layer and
contact layer on the semiconductor layer are patterned in
order to form a semiconductor layer 6 and contact layer 7 in
island like pattern by using a resist formed by photolithog-
raphy process, by either dry etching method or wet etching
method. As shown in FIG. 21(c¢), a transparent conductive
film composed of ITO or the like is deposited. Then the
transparent conductive film is patterned by photolithography
process, in order to form pixel electrodes 14.

As shown in FIG. 21(d), a contact hole is provided in gate
insulating film 5 on the gate line 2 in order to obtain a
connecting portion 24 for connecting gate line 2 with source
line 9. As shown in FIG. 21(e), one of Cr, Al, Mo, Mo—W,
or the like is deposted. Then the deposited film is patterned
by using a resist formed through photolithography process
as a mask, in order to form source line 9, source electrode
10 and drain electrode 11.

Then, an etched-off region a recess 8 of the contact layer
7 is provided in order to remove contact layer 7 from
channel area, by etching the contact layer 7 by using source
electrode 6 and drain electrode 7 as masks. As shown in FIG.
2(f), a silicon nitride film is deposited by using source
elctrode 6 and the drain electrode 7 as masks by a plasma
CVD method in order to form passivation film 29. Portions
of passivation film 29 on the terminals of gate lines 2 and on
the terminals of source lines are removed by using resists
formed by a photolithography process, in order to provide
connection portion to external circuit. The above-mentioned
steps require six photolithography processes to form a TFT
array substrate in which channel etch type TFTs are pro-
vided.

The functions are described below.

An electric voltage is applied through gate line 2 to gate
electrode 3 to let TFT 21 be on state. Then, an image signal
is inputted to source line 9; an electric current flows through
source electrode 10, semiconductor film 6 and drain elec-
trode 11. TFT 21 comprises source electrode 10, semicon-
ductor film 6 and drain electrode 13. An electric voltage
corresponding to the desired image signal is applied through
pixel electrode 14 connected with drain electrode 11 to the
liquid crystal material 22. A storage capacitance 23 is
connected in order to prevent from variation of an electric
voltage applied to the liquid crystal material under the
influence of storage capacitance 23, corresponding to
switching operation of TFT 21. The storage capacitance 23
is provided by common line 4, gate insulating film 5 and
pixel electrode 14.

As shown in FIG. 18, gate line 2 and source line 9 are
connected electrically at connecting portion 24 at the end
portion of the TFT array substrate. This connection of gate
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line 2 and source line 9 prevents from breakage of TFT by
high voltage to gate insulating film 5 caused by static
electricity generated in manufacturing steps of TFT array
substrate and in rubbing alignment films.

Conventional AMLCD in which channel etch type TFTs
are provided is constructed in the above-mentioned manner.
Six photolithography processes are required to form TFT
array substrate. Thus there arises a problem that the manu-
facturing cost is high and the throughput is lowered.

SUMMARY OF THE INVENTION

The present invention is achieved to solve the above-
mentioned problem. The object of the invention is to reduce
the number of photolithography processes, to reduce the
manufacturing cost and to enhance the throughput in manu-
facturing steps for TFT array substrate of AMLCD.

According to the present invention there is provided TFT
array substrate comprising:

an insulating substrate,

a gate electrode formed on the insulating substrate,

a gate electrode line formed on the insulating substrate,

an insulating film formed on the gate electrode, the gate
electrode line and the insulating substrate except for whole

of outer surface of the gate electrode and whole of outer
surface of the gate electrode line,

a semiconductor layer formed on the insulating film,
a contact layer formed on the semiconductor layer,
a source electrode connected to the contact layer,

a drain electrode which is connected to the contact layer,
the contact layer being divided into two portions, one of the
two portions corresponding to the source electrode and the
other one of the two portions corresponding to the drain
electrode,

a source electrode line connected to the source electrode,

an interlayer insulating film formed on the gate electrode,
the gate electrode line, the source electrode, the source
electrode line and the drain electrode,

a pixel electrode which is formed on the interlayer insu-
lating film and is made of transparent conductive film and is
connected electrically to the drain electrode through a first
contact hole provided in the interlayer insulating film, and

a connecting line which is made of a same material that
of the pixel electrode and connects electrically between the
gate electrode line and the source electrode line through a
second contact hole provided in the insulating film and a
third contact hole provided in the interlayer insulating film.

Preferably, the TFT array substrate further includes

a common line for storage capacitance which is formed
through the gate insulating film under the storage capaci-
tance electrode at a same time when the gate electrode and
the gate electrode line are formed, and

a storage capacitance electrode which is formed over the
common line for storage capacitance, and is formed at a
same time when the source electrode, the source electrode
line and the gate electrode line are formed, and is connected
electrically to the pixel electrode through a contact hole
formed in the interlayer insulating film, so that the TFT array
substrate includes a storage capacitance between the com-
mon line for storage capacitance and the storage capacitance
electrode.

Preferably, the TFT array substrate further includes a
common line for storage capacitance formed at a same time
when the gate electrode and the gate electrode line are
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formed, so that the TFT array substrate includes a storage
capacitance between the common line for storage capaci-
tance and the pixel electrode.

Preferably, the storage capacitance is provided by the
storage capacitance electrode and the gate electrode line.

Preferably, the storage capacitance is provided by the gate
electrode and the pixel electrode.

Preferably, the interlayer insulating film comprises a thick
film.

Preferably, the interlayer insulating film comprises a
multi-layer film including a high density film as a lower
layer of the multi-layer film.

Preferably, the high density film is composed of silicon
nitride.

Preferably, the pixel electrode superposes on at least one
of the gate electrode line and the source electrode line.

Preferably, an etching stopper is provided on said semi-
conductor layer.

According to the present invention there is provided a
method of manufacturing a TFT array substrate comprising

an insulating substrate,

a gate clectrode formed on the insulating substrate,

a gate electrode line formed on the insulating substrate,

an insulating film formed on the gate electrode, the gate
electrode line and the insulating substrate except for whole
of outer surface of the gate electrode and whole of outer
surface of the gate electrode line,

a semiconductor layer formed on the insulating film,

a contact layer formed on the semiconductor layer,

a source electrode connected to the contact layer,

a drain electrode which is connected to the contact layer,
the contact layer being divided into two portions, one of the
two portions corresponding to the source electrode and the
other one of the two portions corresponding to the drain
¢lectrode,

a source electrode line connected to the source electrode,

an interlayer insulating film formed on the gate electrode,
the gate electrode line, the source electrode, the source
electrode line and the drain electrode,

a pixel electrode which is formed on the interlayer insu-
lating film and is made of transparent conductive film and is
connected electrically to the drain electrode through a first
contact hole provided in the interlayer insulating film, and

a connecting line which is made of a same material that
of the pixel electrode and connects electrically between the
gate electrode line and the source electrode line through a
second contact hole provided in the insulating film and a
third contact hole provided in the semiconductor layer on the
source electrode, the insulating film and the interlayer insu-
lating film,
the method comprising steps of:

(a) forming the gate electrode and the gate electrode line
on the insulating substrate,

(b) depositing the insulating film on the gate electrode, the
gate electrode line and the insulating substrate except for
whole of outer surface of the gate electrode and whole of
outer surface of the gate electrode line,

(¢) forming the semiconductor layer over the gate elec-
trode through the insulating film and forming the contact
layer on the semiconductor layer,

(d) forming the source electrode and the drain electrode
on the contact layer, and forming the source electrode line
and etching the contact layer by using the source electrode
and the drain electrode as masks,
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(e) depositing the interlayer insulating film on the source
clectrode, the source electrode line and the drain electrode,

(D) providing simultaneously two of the first contact hole
in the insulating film on the gate electrode and in the
interlayer insulating film, the second contact hole in the
interlayer insulating film on the source electrode line, and
the third contact hole in the interlayer insulating film on the
drain electrode, and

(g) forming simultaneously the pixel ¢lectrode and the
connecting line.

Preferably, at least one contact hole of the first contact
hole, the second contact hole and the third contact hole, in
multi-layer film including at least the interlayer insulating
film as a top layer of the multi-layer film is provided by steps
of:

(a) providing the one contact hole into the interlayer
insulating film, and

(b) etching a lower film of the multi-layer film by using
the interlayer insulating film as a mask.

Preferably, an etching stopper is provided on the semi-
conductor layer and in step (b) the etching stopper is
provided after forming the semiconductor layer on the gate
electrode and the gate electrode line.

According to the present invention there is provided a
method of manufacturing a liquid crystal display comprising
a TFT array substrate, an opposite substrate arranged to be
opposite to the TFT array substrate, a liquid crystal material
interposed between the TFT array substrate and the opposite
substrate, a gate IC, a source IC, at least two circuit boards
connected to the THFT array substrate,
wherein the TFT array substrate comprises

an insulating substrate,

a gate electrode formed on the insulating substrate,

a gate electrode line formed on the insulating substrate,

an insulating film formed on the gate electrode, the gate
electrode line and the insulating substrate except for whole
of outer surface of the gate electrode and whole of outer
surface of the gate electrode line,

a semiconductor layer formed on the insulating film,

a contact layer formed on the semiconductor layer,

a source electrode connected to the contact layer,

a drain electrode which is connected to the contact layer,
the contact layer being divided into two portions, one of the
two portions corresponding to the source electrode and the
other one of the two portions corresponding to the drain
electrode,

a source electrode line connected to the source electrode,

an interlayer insulating film formed on the gate electrode,
the gate electrode line, the source electrode, the source
¢lectrode line and the drain electrode,

a pixel electrode which is formed on the interlayer insu-
lating film and is made of transparent conductive film and is
connected electrically to the drain electrode through a first
contact hole provided in the interlayer insulating film, and

a connecting line which is made of a same material that
of the pixel electrode and connects electrically at a connect-
ing portion between the gate electrode line and the source
electrode line through a second contact hole provided in the
insulating film and a third contact hole provided in the
semiconductor layer on said source electrode, the insulating
film and the interlayer insulating film, the method compris-
ing steps of:

(a) fabricating the TFT array substrate,

(b) providing a first alignment film on the TFT array
substrate and performing rubbing operation on the TFT array
substrate,

(c) spreading spacers on the first alignment film,
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(d) fabricating the opposite substrate,

(¢) providing a second alignment film on the opposite
substrate and rubbing the second alignment film,

(f) printing sealing agent on prescribed area of the second
alignment film,

(g) superposing the opposite substrate on the TFT array
substrate, bonding the opposite substate to the TFT array
substrate except for a hole for injecting liquid crystal mate-
rial and injecting the liquid crystal material between the TFT
array substrate and the opposite substrate and bonding the
hole for injecting liquid crystal material,

(h) cutting the connecting line at the connecting portion,

(i) connecting the gate IC and the source IC to the TFT
array substrate,

(j) connecting the circuit boards to the gate IC and to the
source IC respectively.

Preferably, in step (f) sealing agent is provided on pre-
scribed area of the first alignment film in place of the second
alignment film.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 1 of the present invention;

FIGS. 2(a) to 2(e) are sectional views illustrating manu-
facturing steps for a TFT array substrate provided in a liquid
crystal display according to Embodiment 1 of the present
invention;

FIG. 3 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 2 of the present invention;

FIG. 4 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 3 of the present invention;

FIGS. 5(a) to 5(e) are sectional views illustrating manu-
facturing steps for a TFT array substrate provided in a liquid
crystal display according to Embodiment 3 of the present
invention;

FIG. 6 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 4 of the present invention;

FIG. 7 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 5 of the present invention;

FIGS. 8(a) to 8(e) are scctional views illustrating manu-
facturing steps for a TFT array substrate provided in a liquid
crystal display according to Embodiment 5 of the present
invention;

FIG. 9 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 6 of the present invention;

FIGS. 10(a) to 10(e) are secctional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 6 of the
present invention;

FIG. 11 is a plan view illustrating a TFT array substrate
provided in a liquid crystal display according to Embodi-
ment 7 of the present invention;

FIG. 12 a plan view illustrating a TET array substrate
provided in a liquid crystal display according to Embodi-
ment 8 of the present invention;

FIGS. 13(a) to 13(e) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 8 of the
present invention;
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FIGS. 14(a) to 14(}) are sectional views illustrating manu-
facturing steps for a TFT array substrate provided in a liquid
crystal display according to Embodiment 9 of the present
invention;

FIGS. 15(a) to 15(d) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 11 of the
present invention,

FIGS. 16(a) to 16(d) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 12 of the
present invention,

FIGS. 17(a) to 17(e) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 13 of the
present invention,

FIG. 18 is a diagram illustrating an equivalent circuit of
a liquid crystal display;

FIG. 19 is a diagram illustrating an equivalent circuit of
one pixel of a liquid crystal display;

FIG. 20 is a plan view illustrating a TFT array substrate
provided in a conventional liquid crystal display; and

FIGS. 21(a) to 21(f) are sectional view illustrating a TFT
array substrate provided in a conventional liquid crystal
display.

DETAILED DESCRIPTION

EMBODIMENT 1

An AMLCD which is one embodiment of this invention
will now be described referring to drawings. FIG. 1 is a plan
view showing one pixel of a TFT array substrate on which
a channel etch type TFT in the AMLCD according to the
embodiment of the invention is provided. FIGS. 2(a) to 2(e)
are sectional views showing a manufacturing step of a
portion taken along an A—A line shown in FIG. 1, and a
connecting (short-circuiting) portion between a gate line and
a source line in an end portion of display area (hereinafter
referred to as display area end portion).

Referring to FIG. 1 and FIGS. 2(a) to 2(e), reference
numeral 1 denotes an insulating substrate made of an
insulating material (transparent material can also be
employed) such as glass or the like, reference numeral 2
denotes a gate electrode line (hereinafter referred to as a gate
line) formed on an insulating substrate 1, and is connected
to a gate electrode 3 made of metal such as Cr or the like,
reference numeral 4 denotes a common line (a common line
for storage capacitance) made of metal such as Cr or the like
formed on the insulating substrate 1, reference numeral §
denotes a gate insulating film made of silicon nitride formed
to cover a gate line 2, a gate electrode 3 and a common line
4, reference numeral 6 denotes a semiconductor layer made
of a semiconductor of non-doped amorphous silicon or the
like formed through a gate insulating film § on the gate
electrode 3, reference numeral 7 denotes a contact layer
formed on the semiconductor layer 6 and composed of a film
where impurities such as P or the like are doped by a
semiconductor of silicon or the like. The contact layer
includes an etched-off region 8. One portion of the contact
layer corresponding to the upper portion of the active area is
removed by etching, so that the contact layer includes an
etched-off region 8 and is divided into two areas shown by
references 7a and 7b depending upon the etched-off region
8. Reference numeral 10 denotes a source electrode formed
on a contact layer 7a and connected with a source electrode
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line (hereinafter referred to as a source line), reference
numeral 11 denotes a drain electrode formed on the contact
layer 7b. The position of the divided area 7a corresponds to
the position of the source electrode 10. The position of the
divided area 7b corresponds to the position of the drain
electrode 11. Reference numeral 12 denotes a storage
capacitance electrode formed through a gate insulating film
5 on the common line 4, reference numeral 13 denotes an
interlayer insulating film composed of silicon nitride or the
like formed to cover gate electrode, gate line, source elec-
trode and drain electrode, and reference numeral 14 denotes
a pixel electrode, made of a transparent conductive film such
as I'TO or the like formed on the interlayer insulating film 13,
used to apply a driving voltage upon liquid crystal material.

Reference numeral 13a denotes a contact hole formed in
the interlayer insulating film 13 on a drain electrode 11 for
connecting a drain electrode 11 with a pixel electrode 14,
reference numeral 13b denotes a contact hole formed in the
interlayer insulating film 13 on the storage capacitance
electrode 12 for connecting the storage capacitance elec-
trode 12 with a pixel electrode 14, reference numeral 13¢
denotes a contact hole formed in the interlayer insulating
film 13 on a source line 9 for connecting a gate line 2 with
a source line 9, and reference numeral 13d denotes a contact
hole formed in a gate insulating film 5 and an interlayer
insulating film 13 on the gate line 2 for connecting the gate
line 2 with the source line 9.

Reference numeral 15 denotes a connecting line formed
by using a material which is simultaneously formed with a
pixel electrode 14 for electrically connecting a gate line 2
with a source line 3 through a contact hole 13¢ and a contact
hole 13d. Reference numeral 24 denotes connecting (shor-
circuiting) portion. Reference numeral 31 denotes intersect-
ing portion at which gate line intersects source line. Refer-
ence numeral 32 denotes TEFT portion. Reference numeral 33
denotes a storage capacitor portion.

A manufacturing method of a TFT array substrate of an
AMLCD in this embodiment will now be described.

As shown in FIG. 2(a), a conductive material made of a
single-layer film composed of either of Cr, Al, Ta, Mo, W,
copper (Cu) or either of alloy chiefly composed of them, or
a multi-layer film laminated with them is deposited by a
sputtering method, an evaporating method or the like on the
insulating substrate 1. Then, the deposited conductive film is
patterned by using a resist formed by a photolithography
process, in order to form a gate line 2, a gate electrode 3 and
a common line 4.

As shown in FIG. 2(b), silicon nitride or the like for
composing a gate insulating film 5, then, amorphous silicon,
polycrystalline silicon or the like, then, n* amorphous
silicon, n* polycrystalline silicon or the like in which
impurities such as P or the like are doped in high concen-
tration in the case of n-type TFT are continuously formed by,
for example, a plasma CVD method, an atmospheric CVD
method or a low pressure CVD method or the like. Then, the
formed films are patterned by using a resist formed by a
photolithography process, in order to form a semiconductor
layer 6 and a contact layer 7.

As shown in FIG. 2(c), a thin film composed of a
single-layer film made of Cr, Al, titanium (Ti), tantalum
(Ta), Mo, W, nickel (Ni) or the like or either of alloy chiefly
composed of them, or of multi-layer film laminated with
them is deposited by a sputtering method, an evaporating
method or the like. Then, the deposited film is patterned by
a photolithography process and fine patterning technology,
in order to form a source line 9, a source electrode 10, a drain
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electrode 11, and a storage capacitance electrode 12. With a
resist for continuously forming a source electrode 10 and a
drain electrode 11 or a source electrode 10 and a drain
electrode 11 as a mask, a contact layer 7 is removed by
etching from a channel area, in order to provide an etched-
off region 8 in a contact layer 7.

As shown in FIG. 2(d), an interlayer insulating film 13
composed of silicon nitride, silicon oxide, inorganic insu-
lating film or organic insulating film is formed. Then,
interlayer insulating film is etched by using a resist formed
through a photolithography process, in order to form contact
holes 13a, 13b, 13¢ and 13d in an interlayer insulating film
13. At this time, the contact holes 13a, 13b, 13¢ and 13d are
desirably formed by etching in such a manner that the wall
of the contact hole is tapered.

The contact hole 13d on the gate line 2 is desirably formed
by etching at one time a gate insulating film 5 and an
interlayer insulating film 13 on a gate line 2. But when a
photosensitive organic insulating film is used as an inter-
layer insulating film 13 after a contact hole is formed in the
interlayer insulating film 13, the gate insulating film 5 can be
etched by using an interlayer insulating film 13 as a mask.
Further, when an interlayer insulating film 13 which is not
photosensitive is used, a gate insulating film 5 can be etched
by using a resist used to form a contact hole in an interlayer
insulating film 13 or by using an interlayer insulating film 13
after removing the resist, as a mask. When a gate insulating
film 5 is formed by using silicon nitride or the like, a contact
hole is provided in the interlayer insulating film 13, by
etching in such a manner that the wall of the contact hole is
tapered (taper etching). Then, a mixed gas chiefly composed
of either of SF;+0,, CF,+0,, HC1+O, and F+0O, or a mixed
gas including either of SF, CF,, HCl and F, capable of taper
etching can be used.

The etching method can be either of a wet etching method
and a dry etching method.

Finally, as shown in FIG. 2(e), a transparent conductive
film of ITO or the like is formed. Then, the formed film 1s
patterned by using a photolithography process, in order to
form a pixel electrode 14. At this time, in a display area end
portion, a connecting line 15 for electrically connecting a
gate line 2 with a source line 3 is formed of a transparent
conductive film through a contact hole 13¢ and a contact
hole 13d. The pixel electrode 14 is electrically connected
with a drain electrode 11 through a contact hole 13a, and a
storage capacitance electrode 4 through a contact hole 13b.

A TFT array substrate having structure where a channel
etch type TFT is mounted by the aforementioned step and a
gate line 2 and a source line 9 are short-circuited to prevent
the electrostatic breakdown of TFT can be formed by
conducting five photolithography processes.

Further, a manufacturing method of AMLCD in this
embodiment will now be described.

A first alignment film is formed on the first surface of TFT
array substrate. The first surface of the TFT array substrate
is to be inside surface of the AMLCD when the TFT array
substrate and the opposite substrate are superposed through
the liquid crystal material. Rubbing is performed on the
surface of the alignment film with a rubbing cloth. After
rubbing alignment film, spacers for keeping a gap of the TFT
array substrate and the opposite substrate uniform within the
display area are spread on the surface of the alignment film.

On the other hand, a second alignment film is formed on
the first surface of the opposite substrate. Also, color filters
can be provided on the opposite substrate.

The first surface of the opposite substrate is to be inside
surface of the AMLCD. A rubbing operation is performed on
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the surface of the alignment film of the opposite substrate
with a rubbing cloth. After rubbing, sealing agent is applied
on the prescribed area, i.e., prescribed area on the periphery
of first surface of the opposite substrate.

Thus formed two substrates, i.e., the TFT array substrate
and the opposite substrate are superposed with keeping the
gap between the TFT array substrate and the opposite
substrate a prescribed value, and the opposite substrate is
bonded to the TFT array substrate on the periphery except
for a hole for injecting (injecting spout) liquid crystal
material to form a liquid crystal display panel. Then, a liquid
crystal material is injected from the injecting spout into the
gap between the TFT array substrate and the opposite
substrate. After injecting the liquid crystal material, the
injecting spout is choked with the secaling agent. At this
moment, sealing agent can be applied on the TFT array
substrate in place of on the opposite substrate. Also, spacers
can be spread on the opposite substrate in place of on the
TFT array substrate.

After obtaining a liquid crystal display panel, a connect-
ing line is cut at a connecting portion 24 at which one gate
line 2 and one source line 9 are short-circuited.

The connecting portion was provided in order to prevent
from generation of static electricity, since such static elec-
tricity generates when rubbing is performed, a TFT tends to
be broken down. Accordingly, obtaining a liquid crystal
panel, the connecting portion is not necessary. In TFT array
process, there is an advantage that breakdown of a TFT
caused by static electricity does not occurred.

In the next step, a gate IC of a gate side driving circuit and
a source IC of a source side driving circuit are connected to
the TFT array substrate at desired portions respectively.
Source ICs, gate ICs and driving circuits are provided on the
pheriphery of the TFT array substrate. Source ICs connect a
source side driving circuit and the TFT array substrate. Gate
ICs connect a gate side driving circuit and the TFT array
substrate. Connecting method is for example a tape auto-
mated bonding (TAB) method. In place of TAB method, chip
on glass (COG) method can also be adopted. If COG method
is adopted, the above-mentioned connecting line at the
connection portion can be made disconnected either in this
step or in the prior step.

In the next step, circuit boards are connected electrically
to the gate IC and source IC respectively. A number of gate
IC and a number of source IC are optional. Similarly, a
number of circuit boards is optional. Connecting methods
such as TAB, COG or the like can be selected.

As described above, a liquid crystal display connected
with circuit boards is obtained as module and can be driven
electrically.

The function of an AMLCD in this embodiment will now
be described referring to FIGS. 1, 2(a) through 2(e) and 18.
Referring to FIG. 18, reference numeral 21 denotes a TFT,
reference numeral 22 denotes pixel capacitance (in equiva-
lent circuit) provided by liquid crystal material, reference
numeral 23 is a storage capacitance, reference numeral 24
denotes a connecting (short-circuiting) portion of a gate line
2 and a source line 9 located in a display area end portion,
reference numeral 25 denotes a source side driving circuit,
reference numeral 26 denotes a gate side driving circuit, and
reference numeral 27 denotes a terminal for applying a
voltage to a common line 4. A voltage is applied and scanned
to each gate electrode 3 through a gate line 2 and a TFT 21
is turned on. An image signal is applied upon a source line
9. A current flows through a source electrode 10, a semi-
conductor layer 6, a drain electrode 11 which compose a
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TFT 21. A voltage corresponding to a desired image signal
is applied to liquid crystal material 22 through a pixel
electrode 14 connected with a drain electrode 11. Storage
capacitance 23 provided by a common line 4, a gate insu-
lating film 5 and a storage capacitance electrode 12 is
connected to prevent a voltage, applied upon the liquid
crystal material 22 due to influences through parasitic
capacitance and leak current, from being varied, correspond-
ing to a switching operation of a TFT 21.

The gate line 2 and the source line 9 are electricity
connected, in the connecting portion 24 of the display area
end portion, with a contact holes 13¢ and 13d provided in an
interlayer insulating film 13 and with a connecting line 15.
The TFT 21 is prevented from being broken due to electro-
static force to be caused by manufacturing steps of the TFT
array substrate and at the rubbing alignment film.

After the rubbing step has been completed, a connecting
portion 24 between a gate line 2 and a source line 9 can be
disconnected. Without disconnecting, an electric component
of sufficiently high resistance can be inserted in connecting
portion 24.

According to the invention, in an AMLCD having struc-
ture where a gate line 2 and a source line 9 are short-
circuited to prevent the electrostatic breakdown of the TFT,
a gate insulating film 5 and an interlayer insulating film 13
on a gate line 2, contact holes 134 and 13c to the interlayer
insulating film 13 on the source line 9, and a contact hole
13a for connecting a drain electrode 11 with a pixel elec-
trode 14 are formed at the same time. Further, the connecting
line connects the gate line 2 and the source line 9 through a
contact holes 13¢ and 13d. The connecting line 15 is formed
at the same time with the formation of the pixel electrode 14.
Thus, a contact hole forming step for connecting the a gate
line 2 and the source line 9 shown in the conventional
example is unnecessary. The frequency of the photolithog-
raphy steps in manufacturing the TFT array substrate can be
reduced by one as compared with the conventional example.
The manufacturing step can be simplified, so that the manu-
facturing cost is reduced and throughput is enhanced.

EMBODIMENT 2

In the embodiment 1, a common line system is shown as
a method of forming storage capacitance. Even in a case
where a storage capacitance on gate system is adopted as
shown in FIG. 3, an effect similar to that in the embodiment
1 can be obtained.

In the present embodiment, a common line 4 in FIG. 1
becomes unnecessary. The storage capacitance electrode 12
which is formed on the inner side of the gate line 2, can be
protruded from the gate line 2 in a direction (on a lower side
in FIG. 3) not in contact with a source line 9, a source
electrode 10 and a drain electrode 11. The remaining con-
figuration and a manufacturing method are similar to those
of the embodiment 1, and hence, explanation thereof is
omitted.

EMBODIMENT 3

In the embodiment 1, a storage capacitance electrode 12
is formed simultaneously in forming a source electrode 10
and a drain electrode 11. Storage capacitance 23 is provided
by a storage capacitance electrode 12, a gate insulating film
5, and a common line 4. As shown in FIG. 4 and FIGS. 5(a)
to 5(e), storage capacitance is formed by a pixel electrode
14, an interlayer insulating film 13, a gate insulating film §
and a common line 4. Thus, an effect similar to that of the
embodiment 1 is obtained. At this time, since the storage
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capacitance electrode 12 in FIG. 1 becomes unnecessary,
occurrence of defect such as short circuit caused by contact
between source line which is formed on a same layer as the
storage capacitance electrode 12 and the storage capacitance
line 12 by patterning failure.

FIG. 4 is a plan view showing one pixel of a TFT array
substrate in the embodiment 3. FIGS. 5(a) to 5(e) are
sectional views showing manufacturing steps of a portion
taken along a line B—B of FIG. 4, and a connecting
(short-circuiting) portion between a gate line and a source
line in a display area end portion. Since the reference
numerals in FIG. 4 and FIGS. 5(«) to 5(e) are similar to those
of the embodiment 1, explanation thereof is omitted.

A manufacturing method will now be described. By a
method similar to that of the embodiment 1, a gate line 2, a
gate electrode 3 and a common line 4 as shown in FIG. 5(a),
a gate insulating film 5, a semiconductor layer 6 and a
contact layer 7 as shown in FIG. 5(b), a source line 9, a
source electrode 10, a drain electrode 11, and a recess 8 of
a contact layer 7 as shown in FIG. 5(c) are provided. As
shown in FIG. 5(d), interlayer insulating film 13 is etched by
using a resist formed by a photolithography process after an
interlayer insulating film 13 has been formed, in order to
provide contact holes 134, 13¢ and 134 in the interlayer
insulating film 13. Finally, as shown in FIG. 5(e), a con-
necting line 15 for electrically connecting the gate line 2
with a source line 3 through a pixel electrode 14, a contact
hole 13c, and a contact hole 13d is formed. The pixel
electrode 14 is connected electrically with a drain electrode
through a contact hole 13a.

A TFT array substrate having structure where a channel
etch type TFT is mounted by an aforementioned step and a
gate line 2 and a source line 9 are short-circuited for
preventing the electrostatic breakdown of the TFT is formed
by five photolithography steps.

EMBODIMENT 4

In the embodiment 3, a common line system is shown as
a method of forming a storage capacitance. Even when a
storage capacitance on gate system is adopted as shown in
FIG. 6, an effect similar to that of the embodiment 3 can be
obtained.

A storage capacitance common line 4 in FIG. 5(«) in the
embodiment becomes unnecessary. Other configuration and
a manufacturing method are similar to those of the embodi-
ment 3, and hence explanation thereof is omitted.

EMBODIMENT 5

In the embodiment 1, a storage capacitance electrode 12
and a drain electrode 11 for forming storage capacitance 23
are connected through a pixel electrode 14. As shown in
FIG. 7 and FIGS. 8(a) to 8(e), a drain electrode 11 is
extended up to the upper portion above the common line 4
to form a storage capacitance electrode 12. An effect similar
to that of the embodiment 1 is obtained, and a drain electrode
12 and a contact hole 134 of a pixel electrode 14 become
unnecessary, in order to reduce the probability to be caused
due to disconnection in a contact hole. A'TFT array can be
inspected before forming the pixel electrode 14 by using an
inspecting apparatus, which inspects the TFT array by using
the charging condition of the storage capacitance.

FIG. 7 is a plan view showing one pixel of the TFT array
substrate of the embodiment 5. FIGS. 8(a) to 8(e) are
sectional views showing steps of manufacturing a portion
taken along a line C—C of FIG. 7, and a connecting
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(short-circuiting) portion between a gate line and a source
line in a display area end portion. Since reference numerals
shown in FIGS. 8(a) to 8(e) are similar to those of the
embodiment 1, explanation thereof is omitted.

A manufacturing method will now be described. By a
method similar to that of the embodiment 1, a gate line 2, a
gate electrode 3 and a common line 4 are formed as shown
in FIG. 8(a), and a gate insulating film 5, a semiconductor
layer 6 and a contact layer 7 are formed as shown in FIG.
8(b). As shown in FIG. 8(c), a source line 9, a source
electrode 10, a drain electrode 11, and a storage capacitance
electrode 12 which is formed by extending the drain elec-
trode 11 are formed. Then, an etched-off region 8 of the
contact layer 7 is formed. As shown in FIG. 8(d), an
interlayer insulating film 13 is formed. Then, prescribed
portions in the interlayer insulating film are etched by using
resist formed through a photolithography process and con-
tact holes 13b, 13¢ and 13d are formed in an interlayer
insulating film 13. Finally, as shown in FIG. 5(¢), a con-
necting line 15 is formed for electrically connecting a gate
line 2 with a source line 3 through a pixel electrode 14, and
contact holes 13c, contact holes 13d. The pixel electrode 14
is electrically connected with a drain electrode 11 formed
integrally with a storage capacitance electrode 12 through a
contact hole 13b.

ATFT array substrate having configuration where a drain
electrode 11 and a pixel electrode 14 are connected with
each other can be formed by five photolithography processes
through a short-circuiting portion between a gate line 2 and
a source line 9 for preventing the breakdown of the TFT and
a storage capacitance electrode formed by extending a drain
electrode 11.

A configuration for forming a storage capacitance elec-
trode 12 by extending a drain electrode 11 is applied to a
TFT array substrate where a pixel electrode 14 is formed in
an upper layer above a source electrode 10 and a drain
electrode 11, thus making it possible to inspect a TFT array
before the formation of a pixel electrode 14.

EMBODIMENT 6

In the embodiment 1, a pixel electrode 14 is formed not
to be superposed on a gate line 2 and a source line 9. As
shown in FIG. 9 and FIGS. 10(a) to 10(¢), when an
interlayer insulating film 13 is formed to be sufficiently thick
and to reduce the parasitic capacitance between a pixel
electrode 14 and a source line 9, a pixel electrode 14 can be
superposed on a source line 9 and a gate line 2. An effect
similar to that of the embodiment 1 can be obtained, and an
aperture ratio is enhanced.

FIG. 9 is a plan view showing one pixel of a TFT array
substrate of the embodiment 6. FIGS. 10(a) to 10(¢) are
sectional views showing steps of manufacturing a connect-
ing (short-circuiting) portion between a gate line and a
source line in a portion taken along a line of D—D of FIG.
9, and a display area end portion. Since reference numerals
FIGS. 10(a) to 10(e) are similar to those of the embodiment
1, explanation thereof is omitted.

A manufacturing method will now be described. By a
method similar to that of the embodiment 1, a gate line 2, a
gate electrode 3 and a common line 4 are formed as shown
in FIG. 10(a), and a gate insulating film 5, a semiconductor
layer 6 and a contact layer 7 are formed as shown in FIG.
10(b). As shown in FIG. 10(¢c), a source line 9, a source
electrode 10, a drain electrode 11, and a storage capacitance
electrode 12 are formed. Then, an etched-off region 8 of the
contact layer 7 is formed.
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As shown in FIG. 10(d), an interlayer insulating film 13
of thick film is formed. Then, contact holes 13a, 1356, 13¢
and 13d are provided in an interlayer insulating film 13 by
etching by using a resist formed through a photolithography
process. At this time, contact holes 13a, 135, 13c and 134 are
desired to be provided by taper etching. Further, when a
photosensitive material is employed as an interlayer insu-
lating film of thick film, a resist is not necessary for
perforating a contact hole. An acrylic resin or the like can be
employed as an interlayer insulating film.

The contact hole 134 on the gate line 2 is desirably formed
by etching a gate insulating film 5 and an interlayer insu-
lating film 13 on the gate line 2 continuously. When a
photosensitive organic insulating film is used as an inter-
layer insulating film 13 after a contact hole is formed in the
interlayer insulating film 13, a gate insulating film 5 can be
etched by using the interlayer insulating film 13 as a mask.
When an interlayer insulating film 13 which is not photo-
sensitive is used, a gate insulting film 5§ can be etched by
using a resist used to provide a contact hole in an interlayer
insulating film 13 as a mask, or can be etched by using an
interlayer insulating film 13 after a resist is removed as a
mask. When a gate insulating film 5 is formed by using
silicon nitride or the like, a contact hole is provided in the
interlayer insulating film 13, by conducting a taper etching
operation, a mixed gas chiefly composed of either of SF .+
0,, CF,+0,, HCI+0, and F+0O, or a mixed gas including
either of SF¢, CF,, HCl and F, capable of a taper etching can
be used.

The etching method can be either of a wet etching method
and a dry etching method.

Finally, as shown in FIG. 10(¢), a connecting line 15 is
formed for electrically connecting a gate line 2 with a source
line 3 through a pixel electrode 14, and contact holes 13¢ and
contact holes 13d. The pixel electrode 14 is electrically
connected with a drain electrode 11 through a contact hole
134, and with a storage capacitance electrode 12 through a
contact hole 13b.

A short-circuiting portion between a gate line 2 and a
source line 9 of preventing the electrostatic breakdown of a
TFT and a TFT array substrate having a configuration where
a pixel electrode 14 has a superposed portion between a
source line 9 and a gate line 2 through an interlayer
insulating film 13 of thick film can be formed by a five
photolithography processes.

EMBODIMENT 7

In the embodiment 6, a common line system is shown as
a method of forming a storage capacitance. Even when a
storage capacitance on gate type is adopted as shown in FIG.
11, an effect similar to that of the embodiment 6 is obtained.

A storage capacitance common line 4 in FIG. 10(a) in the
embodiment becomes unnecessary. Since other configura-
tion and a manufacturing method are similar to those of the
embodiment 6, explanation thereof is omitted.

EMBODIMENT 8

In an AMLCD having a configuration where a storage
capacitance electrode 12 is formed by extending a drain
electrode 11 up to an upper portion above a common line 4,
as shown in the embodiment 5, when an interlayer insulating
film 13 is formed to be sufficiently thick and to reduce
parasitic capacitance between a pixel electrode 14 and a
source line 9 as shown in FIG. 12 and FIGS. 13(a) to 13(e),
a pixel electrode 14 can be superposed on a source line 9 and
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a gate line 2. According to this embodiment, an effect similar
to that of the embodiment 1 can be obtained, in order to
improve an aperture ratio. A TFT array can be inspected
before forming the interlayer insulating film 13 by using an
inspecting apparatus, manufactured by International Busi-
ness Machines Corporation, which inspects the TFT array
with the charging condition of the storage capacitance.
Therefore, when organic resin or the like is used as an
interlayer insulating film 13, since before forming the
organic resin film, inspection of TFT array and repair of
lines by laser irradiation (line cutting or the like) can be
performed, an organic film can be prevented from being
damaged when repair of lines is performed.

FIG. 12 is a plan view showing one pixel of the TFT array
substrate of the embodiment 8. FIGS. 13(a) to 13(e) are
sectional views showing a step of manufacturing the con-
necting (short-circuiting) portion between a gate line and a
source line in a portion taken along a line of E—E shown in
FIG. 12, and a display area end portion. Since reference
numerals of the drawing are similar to those of the embodi-
ment 1, explanation thereof is omitted.

A manufacturing method will now be described. By a
method similar to that of the embodiment 1, a gate line 2, a
gate electrode 3 and a storage capacitance common line 4 are
formed as shown in FIG. 13(«), and a gate insulating film 5,
a semiconductor layer 6 and a contact layer 7 are formed as
shown in FIG. 13(b). As shown in FIG. 13(c), a source line
9, a source electrode 10, a drain electrode 11, and a storage
capacitance electrode 12 which is formed by extending the
drain electrode 11 are formed. Then, the contact layer 7
including a recess 8 is formed.

As shown in FIG. 13(d), an interlayer insulating film 13
of thick film is formed. Then, contact holes 13b, 13c and 134
are formed in an interlayer insulating film 13 by etching by
using a resist formed through a photolithography process. In
this process, contact holes 13a, 13b, 13¢ and 13d are
desirably formed by taper etching. Further, a photosensitive
material can be employed as an interlayer insulating film 13
of thick film. At this moment, a resist is not necessary.

The contact hole 13d on the gate line 2 is desirably
provided by etching the gate insulating film 5 and the
interlayer insulating film 13 on the gate line 2 continuously.
When a photosensitive organic insulating film is used as an
interlayer insulating film 13 after a contact hole is formed in
the interlayer insulating film 13, the gate insulating film 5
can be etched by using the interlayer insulating film 13 as a
mask. When an interlayer insulating film 13 which is not
photosensitive is used, the gate insulating film 5 can be
etched by using a resist used to form a contact hole in an
interlayer insulating film 13 as a mask, or the gate insulating
film 13 after the resist is removed as a mask. When a gate
insulating film 5 is formed by using silicon nitride or the
like, a contact hole is formed in the interlayer insulating film
13, by etching in such a manner that the wall of contact hole
is tapered. Then, a mixed gas chiefly composed of either of
SF+0,, CF,+0,, HCI+0O, and F+0, or a mixed gas includ-
ing either of SF,, CF,, HCl and F, or a gas capable of taper
etching can be used.

The etching method can be either of a wet etching method
and a dry etching method.

Finally, as shown in FIG. 13(¢), a connecting line 15 for
electrically connecting a gate line 2 with a source line 3
through a pixel electrode 14, and a contact hole 13¢, and a
contact hole 134. The pixel electrode 14 is electrically
connected with a drain electrode 11 which is integrally
formed with a storage capacitance electrode 12, and a
storage capacitance electrode 12 through a contact hole 13a.
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A short-circuiting portion between a gate line 2 and a
source line 9 of preventing the electrostatic breakdown of a
TFT and a TFT array substrate having a configuration where
a pixel electrode 14 has a superposed portion between a
source line 9 and a gate line 2 through an interlayer
insulating film 13 of thick film can be formed by five
photolithography processes.

A configuration for forming a storage capacitance elec-
trode 12 by extending a drain electrode 11 is applied to a
TET array substrate where a pixel electrode 14 is formed in
an upper layer above a source electrode 10 and a drain
electrode 11, thus making it possible to inspect a TFT array
before the formation of an interlayer insulating film 13.

EMBODIMENT 9

FIGS. 14(a) to 14(e) are sectional views showing steps of
manufacturing a TFT array substrate of an AMLCD by
embodiment 9. Referring to FIGS. 14(a) to 14(e), reference
numeral 16 denotes an insulating film formed in the lower
layer of the interlayer insulating film 13. The other reference
numerals are similar to those of embodiment 1, explanation
thereof is omitted.

When an interlayer insulating film 13 of thick film shown
in the embodiments 6, 7 and 8 is made of an organic
insulating film or an inorganic insulating film, compara-
tively lower in density, to be obtained by burning after
application by a spin coating method or the like, there is a
problem that moisture or the like is absorbed by an interlayer
insulating film 13 and is diffused into the interlayer insulat-
ing film. At this moment, there is a problem that particularly
when a TFT construction is of a channel etch type as shown
in FIG. 10, and FIGS. 13(a) to 13(e), moisture or the like
absorbed into the interlayer insulating film 13 reaches a
semiconductor layer 6, because the semiconductor layer 6 is
in contact with the interlayer insulating film 13 directly at
the etched off region 8. Since the part of the contact layer 7
and the transparent conductive film was removed and then
the surface of the semiconductor layer was exposed. Thus,
the semiconductor layer is in contact with the interlayer
insulating film 13. Furthermore, there is a problem that off
current becomes increased due to influence of a surface state
formed by the boundary between an interlayer insulating
film 13 and a semiconductor layer 6 and that a threshold
value is changed.

In this embodiment, as shown in FIG. 14, a film of silicon
nitride or silicon oxide or an insulating film 16 such as
inorganic insulating film, organic insulating film or the like
higher in density than an interlayer insulating film 13 is
formed by a plasma CVD method or the like before forming
the interlayer insulating film 13, in order to prevent such an
inconvenience that moisture or the like, which is absorbed
by the interlayer insulating film 13, reaches to the semicon-
ductor layer 6.

A method of manufacturing a TFT array substrate of this
embodiment will now be described. By a method similar to
that of the embodiment 1, a gate line 2, a gate electrode 3 and
a common line 4 are formed as shown in FIG. 14(a), and a
gate insulating film 5, a semiconductor layer 6 and a contact
layer 7 are formed as shown in FIG. 14(b). A source line 9,
a source electrode 10, a drain electrode 11, and a storage
capacitance electrode 12 formed by extending a drain elec-
trode are formed as shown in FIG. 14(c). Then, an etched off
region 8 of a contact layer 7 is formed. As shown in FIG.
14(d), a film of a silicon nitride or a silicon oxide is on entire
surface formed or an insulating film 16 such as inorganic
insulating film, organic insulating film or the like higher in
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density than the interlayer insulating film 13 is formed on
entire surface. As shown in FIG. 14(e), the insulating film is
etched by using a resist formed by a photolithography
process after an interlayer insulating film 13 of thick film has
been formed, in order to form contact holes 135, 13¢ and 134
in the interlayer insulating film 13 and the insulating film 16.
Finally, as shown in FIG. 14(f), a connecting line 15 for
electrically connecting a gate line 2 with a source line 3
through a pixel electrode 14, and a contact hole 13¢ and a
contact hole 134. The pixel electrode 14 is electrically
connected with a storage capacitance electrode 12, and a
drain electrode 11 integrally formed with a storage capaci-
tance electrode 12 through a contact hole 135.

When a TFT array is formed in a structure in which a pixel
electrode 14 in the layer upper than a source electrode 10
and a drain electrode 11, and an interlayer insulating film 13
is composed of an organic insulating film or an inorganic
insulating film, comparatively lower in density, to be
obtained by burning after application by a spin coating
method or the like, a configuration shown in this embodi-
ment can be applied.

According to this embodiment, an effect similar to that of
the embodiment 8 can be obtained. Moisture or the like
absorbed into the interlayer insulating film 13 can be pre-
vented from reaching a semiconductor layer 6.

EMBODIMENT 10

A gate line 2 and a gate clectrode 3 shown in the
embodiment can be constructed of a conductive material
such as Al, Ta or the like on which an anodic oxidation is
conducted. At a time when providing a contact hole 13d into
an interlayer insulating film 13 shown in, for example, FIG.
2(d), a perforating a contact hole into the anodic oxidation
film (a film subjected by anodic oxidation) is continuously
conducted after the perforating conatet holes into the inter-
layer insulating film 13 and a gate insulating film 5. After the
formation of a gate line 2, an anodic oxidation can be
conducted after forming a mask such as a resist or the like
in the position of a contact hole 13d on a gate line 2 which
becomes a portion connecting with a source line 9. In this
case, a continuous perforating step for three layers, i.c., an
interlayer insulating film 13, a gate insulating film 5 and an
anodic oxidation film, in the formation of a contact hole 13d
becomes unnecessary.

According to this embodiment, an anodic oxidizing film
is provided in the surface layer of a gate line 2 and a gate
electrode 3, so that an effect similar to that of embodiment
1 can be obtained and a generation of hillock is prevented.

EMBODIMENT 11

In the aforementioned embodiment, an AMLCD in which
a channel etch type TFT is mounted is shown. But as shown
in FIGS. 15(a) to 15(e), an etching stopper type TFT can be
used.

FIGS. 15(a) to 15(e) are sectional views showing steps of
manufacturing a channel passivation type TFT portion of a
TET array substrate of an embodiment 11. Referring to
FIGS. 15(a) to 15(e), reference numeral 17 denotes a
semiconductor film for constituting a semiconductor layer 6,
and reference numeral 18 denotes an etching stopper. Since
the other reference numerals are similar to those of the
embodiment 1, explanation thereof will be omitted. The
configuration except for the TFT is similar to that of the
aforementioned embodiment.

A method of manufacturing an etching stopper type TFT
will now be described. As shown in FIG. 15(a), a conductive
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material is deposited. Then, the deposited conductive film is
patterned by using a resist formed by a photolithography
process to form a gate electrode 3. As shown in FIG. 15(b),
a gate insulating film 5, a semiconductor film 17, a silicon
nitride film and so on are made continuously. Then, a silicon
nitride film is patterned by using a resist formed by a
photolithography process, in order to form an etching stop-
per 18. As shown in FIG. 15(c), a semiconductor film 17 is
patterned by using a resist formed by a photolithography
process to form a semiconductor layer 6. As shown in FIG.
15(d), an n*-type semiconductor film in which impurities
such as P or the like and a conductive material film are doped
are deposited continuously. Then, the n*-type semiconductor
film and the conductive material film are patterned by using
a resist formed by a photolithography process, in order to
form a contact layer 7, a source electrode 10 and a drain
electrode 11.

The method for forming the contact layer by deposition 7
has explained. The contact layer can be formed by ion
implantation as explained below. After forming an etching
stopper 18 (FIG. 15(b)), using as a mask the etching stopper
or a resist on which the etching stopper is formed, impurity
ions such as P or the like is implanted into the entire face.
Then, a semiconductor film in which into at least a portion
which is to be a contact portion an impurity ion is partially
implanted is patterned by using a resist formed by a photo-
lithography process, in order to form a semiconductor layer
having a layer in which impurity ions are implanted into the
surface. Then, a conductive material is deposited and is
patterned by using a resist formed by a photolithography
process, in order to form a source electrode 10 and a drain
electrode 11. A channel passivation type TFT is formed by
the above described step.

An interlayer insulating film having a contact hole, a pixel
electrode, and a connecting line for short-circuiting a gate
line and a source line are formed by methods similar to those
of other embodiments.

According to this embodiment, even in a TFT array
substrate on which a channel passivation type TFT is
provided, an AMLCD including a configuration for short-
circuiting between a gate line and a source line for prevent-
ing the TFT electrostatic breakdown can be manufactured by
photolithography steps which are fewer in number by one
than before.

EMBODIMENT 12

In the embodiment 11, a semiconductor film 17 is pat-
terned and a semiconductor layer 6 is formed. Then, an
n*-type semiconductor and a conductive material in which
impurities such as P or the like are doped are deposited
continuously. A resist is formed again and the deposited
films are patterned to form a contact layer 7, a source
electrode 10 and a drain electrode 11. But as shown in FIG.
16, after forming an etching stopper (FIG. 16(b)), an n*-type
semiconductor film 19 and a conductive material film 20 in
which impurities such as P or the like are doped are
deposited continuously without patterning a semiconductor
film 17. A conductive material film 20, an n*-type semicon-
ductor film 19 and a semiconductor film 17 can be patterned
simultaneously or continuously by using a resist formed by
a photolithography process, in order to form a semiconduc-
tor layer 6, a contact layer 7 and a source electrode 10, a
drain electrode 11. A contact layer can be formed by n*-type
semiconductor as a material.

In another case, after the etching stopper 18 is formed
(FIG. 16(b)), by using as a mark an etching stopper or a
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resist on which an etching stopper is formed impurity ions
such as P or the like are implanted into the entire face to form
a contact portion partially. Then, a conductive film 20 is
deposited. A semiconductor film and a conductive film into
which impurity ions are implanted into surface layer by
using a resist formed by a photolithography process are
patterned simultaneously or continuously, in order to form a
semiconductor layer 6 having a layer in which impurity ions
are implanted partially, and a source electrode 10, a drain
electrode 11. By the aforementioned steps, a TFT of a
channel passivation type can be formed.

EMBODIMENT 13

In the aforementioned embodiment, an inverted staggered
type as TFT construction is shown, but a staggered type TFT
can be used as shown in FIGS. 17(a) to 17(e).

FIGS. 17(a) to 17(e) are sectional views showing steps of
manufacturing a TFT array substrate on which a staggered
type TFT is mounted of the embodiment 13. Since reference
numerals shown in FIGS. 17(a) to 17(e) are similar to those
of the embodiment 1, explanation thereof is omitted.

A manufacturing method will now be described. As
shown in FIG. 17(a), after a conductive material is deposited
on an insulating substrate 1, a deposited film is patterned by
using a resist formed by a photolithography method, in order
to form a source line 9, a source electrode 10, a drain
electrode 11 and a storage capacitance electrode 6. As shown
in FIG. 17(b), after a semiconductor film, a silicon nitride
and so on are deposited continuously, the deposited films are
patterned in island like pattern by using resists formed by a
photolithography process, in order to form a semiconductor
layer 6 and a gate insulating film 5. As shown in FIG. 17(c),
after a conductive material is deposited, the deposited con-
ductive film is patterned by using a resist formed by a
photolithography process, in order to form a gate line 2, a
gate 3 and a storage capacitance electrode 12.

As shown in FIG. 17(d), an interlayer insulating film 13
is formed and patterned by using a photolithography
process, in order to form an interlayer insulating film 13 and
a gate insulating film 5, and contact holes 13a, 13b, 13¢ and
13d in a semiconductor layer 6. At a portion to which a
contact hole 13c is to be provided gate insulating film 5 and
semiconductor film 6 can be removed by etching beforehand
as shown in FIG. 17(c). Finally as shown in FIG. 17(e), after
a transparent conductive film is deposited, and patterned by
a photolithography process, in order to form a pixel elec-
trode 14. At this moment, in the display area end portion, a
connecting line 15 is formed of a transparent conductive film
for electrically connecting a gate line 2 and a source line 3
through a contact hole 13¢ and a contact hole 13d. A pixel
electrode 14 is electrically connected with a drain electrode
11 through a contact hole 134, and with a common line 4
through a contact hole 13b.

According to this embodiment, even in a TFT array
substrate on which a staggered type TFT is mounted, an
AMLCD including construction for short-circuiting a gate
line and a source line for preventing electrostatic breakdown
in the TFT can be manufactured by photolithography steps
which are fewer in number by one than before.

EMBODIMENT 14

In the aforementioned embodiments (1 to 13), a transpar-
ent film such as ITO or the like as a pixelelectrode 14 is
shown, but an effect similar to that of the embodiment can
be obtained by using an opaque conductive material com-
posed of a single-layer film or a multi-layer film laminated

10

15

25

30

35

40

45

50

55

60

65

20

with these single layer films of either of Al, Cr, Ta or the like
or an alloy chiefly composed of the above-mentioned metals
as a pixel electrode. In this case, TFT array substrate can be
used as a reflective type liquid crystal display.

According to the invention, in an AMLCD having a
configuration where a gate line and a source line are short-
circuited for preventing the electrostatic breakdown in a
TFT, a gate line and a source line are connected by a contact
hole formed simultaneously with another contact hole for
connecting a pixel electrode with a drain electrode, and a
connecting line 15 formed simultaneously with a pixel
electrode. Therefore, a step of forming a contact hole for
connecting between a gate line and a source line which were
required conventionally becomes unnecessary. A frequency
of photolithography processes in manufacturing a TFT array
substrate can be reduced by one as compared with the
conventional process. The manufacturing step can be
simplified, in order to reduce the manufacturing cost and to
improve throughput. This effect can be obtained even in a
liquid crystal display in which a TFT having either in which
one of configurations of a channel etch type TFT, a channel
passivation type TFT, a staggered type TFT and an inverted
stagger type TFT is mounted.

A storage capacitance electrode becomes unnecessary,
preventing inferior contact with a source line to be formed
in a same layer as that of a storage capacitance electrode.

Since the number of forming contact holes into an inter-
layer insulating film can be reduced, probability of causing
inferior connection in the contact hole can be reduced and
also, and a TFT array can be inspected before forming a
pixel electrode.

Also, the forming a storage capacitance electrode
becomes unnecessary.

Further, an aperture ratio can be improved by superposing
a pixel electrode on a gate line and a source line.

It should be understoond that the apparatus and methods
which have been shown and described herein are illustrative
of the invention and are not intended to be limited thereof.
Clearly, those skilled in the art may conceive of variations
or modifications to the invention. However, any such varia-
tions or modifications which falls within the purview of this
description are inteded to be included therein as well. The
scope of the invention is limited only by the claims
appended hereto.

What is claimed is:

1. A method of manufacturing a liquid crystal display
comprising a TFT array substrate, an opposite substrate
arranged to be opposite to said TFT array substrate, a liquid
crystal material interposed between said TFT array substrate
and said opposite substrate, a gate IC, a source IC, at least
two circuit boards connected to said TFT array substrate,

wherein said TFT array substrate comprises

an insulating substrate,

a gate clectrode formed on said insulating substrate,

a gate electrode line formed on said insulating substrate,

an insulating film formed on said gate electrode, said gate

electrode line and said insulating substrate except for
whole of outer surface of said gate electrode and whole
of outer surface of said gate electrode line,

a semiconductor layer formed on said insulating film,
a contact layer formed on said semiconductor layer,
a source electrode connected to said contact layer,

a drain electrode which is connected to said contact layer,
said contact layer being divided into two portions, one
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of said two portions corresponding to said source
electrode and the other one of said two portions cor-
responding to said drain electrode,

a source electrode line connected to said source electrode,

an interlayer insulating film formed on said gate
electrode, said gate electrode line, said source
electrode, said source electrode line and said drain
clectrode,

a pixel electrode which is formed on said interlayer
insulating film and is made of transparent conductive
film and is connected electrically to said drain electrode
through a first contact hole provided in said interlayer
insulating film, and

a connecting line which is made of a same material that
of said pixel electrode and connects electrically at a
connecting portion between said gate electrode line and
said source electrode line through a second contact hole
provided in said insulating film and a third contact hole
provided in said semiconductor layer on said source
electrode, said insulating film and said interlayer insu-
lating film, said method comprising steps of:

(2) fabricating said TFT array substrate,

(b) providing a first alignment film on said TFT array
substrate and performing rubbing operation on said
TFT array substrate,
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(c) spreading spacers on said first alignment film,

(d) fabricating said opposite substrate,

(e) providing a second alignment film on said opposite
substrate and rubbing said second alignment film,
(f) printing sealing agent on prescribed area of said

second alignment film,

(g) superposing said opposite substrate on said TFT
array substrate, bonding said opposite substate to
said TFT array substrate except for a hole for inject-
ing liquid crystal material, and injecting said liquid
crystal material between said TFT array substrate
and said opposite substrate, and bonding said hole
for injecting liquid crystal material,

(h) cutting said connecting line at said connecting
portion,

(1) connecting said gate IC and said source IC to said
TFT array substrate,

(j) connecting said circuit boards to said gate IC and to
said source IC respectively.

2. The method of manufacturing a TFT array substrate of
claim 1, wherein step (f) sealing agent is provided on
prescribed area of said first alignment film in palce of said
second alignment film.

* * * #* *®
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