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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.
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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

[0001] 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.

[0002] 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.

[0003] In FIGS. 18 and 19, reference numeral 21 denotes
a TFT, reference numeral 2 denotes a gate line (gate elec-
trode line), reference numeral 9 denotes a source line (source
electrode line), reference numeral 22 denotes a pixel capaci-
tance 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 capaci-
tance, 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 elec-
tric voltage to a common line 4.

[0004] 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(J) are sectional views showing a manu-
facturing 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 material (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 semiconductor layer made of semiconductor
material such as non-doped amorphous silicon or the like
formed through a gate insulating film § on a gate electrode
3, reference numeral 7 denotes a contact layer which is
formed on the semiconductor 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 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 74 and 7b depending upon the etched-
off region 8. Reference 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
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11 denotes a drain electrode formed on the contact layer 75,
reference numeral 28 denotes a contact hole formed for
electrically connecting a gate line 2 with a source line 9,
reference numeral 29 denotes a passivation film made of
silicon nitride or the like, for covering the whole of outer
surface of TFT array substrate.

[0005]

[0006] 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 insulating film 5 composed of silicon nitride or the like,
a semiconductor 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 photolithography process, by either dry etching method
or wet etching method. As shown in FIG. 21(c), a transpar-
ent conductive film composed of ITO or the like is depos-
ited. Then the transparent conductive film is patterned by
photolithography process, in order to form pixel electrodes
14.

[0007] 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.

[0008] 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()), a silicon nitride film is deposited by using source
eletrode 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.

[0009]

[0010] 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
electrode 11. TFT 21 comprises source electrode 10, semi-
conductor 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

Manufacturing steps are described below.

The functions are described below.
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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.

[0011] 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
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.

[0012] 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
manufacturing cost is high and the throughput is lowered.

SUMMARY OF THE INVENTION

[0013] 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
manufacturing steps for TFT array substrate of AMLCD.

[0014] According to the present invention there is pro-
vided TFT array substrate comprising:

[0015] an insulating substrate,

[0016] a gate electrode formed on the insulating substrate,
[0017] a gate electrode line formed on the insulating
substrate,

[0018] 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,

[0019] a semiconductor layer formed on the insulating
film,

[0020] a contact layer formed on the semiconductor layer,
[0021] a source electrode connected to the contact layer,
[0022] 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,

[0023] a source electrode line connected to the source
electrode,
[0024] an interlayer insulating film formed on the gate

electrode, the gate electrode line, the source electrode, the
source electrode line and the drain electrode,

[0025] a pixel electrode which is formed on the interlayer
insulating 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

[0026] a connecting line which is made of a same material
that of the pixel electrode and connects electrically between
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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.

[0027]

[0028] a common line for storage capacitance which is
formed through the gate insulating film under the storage
capacitance electrode at a same time when the gate electrode
and the gate electrode line are formed, and

[0029] 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 con-
tact hole formed in the interlayer insulating film, so that the
TFT array substrate includes a storage capacitance between
the common line for storage capacitance and the storage
capacitance electrode.

[0030] 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
formed, so that the TFT array substrate includes a storage
capacitance between the common line for storage capaci-
tance and the pixel electrode.

[0031] Preferably, the storage capacitance is provided by
the storage capacitance electrode and the gate electrode line.

[0032] Preferably, the storage capacitance is provided by
the gate electrode and the pixel electrode.

Preferably, the TFT array substrate further includes

[0033] Preferably, the interlayer insulating film comprises
a thick film.
[0034] Preferably, the interlayer insulating film comprises

a multi-layer film including a high density film as a lower
layer of the multi-layer film.

[0035] Preferably, the high density film is composed of
silicon nitride.
[0036] Preferably, the pixel electrode superposes on at

least one of the gate electrode line and the source electrode
line.

[0037] Preferably, an etching stopper is provided on said
semiconductor layer.

[0038] According to the present invention there is pro-
vided a method of manufacturing a TFT array substrate
comprising

[0039] an insulating substrate,

[0040] a gate electrode formed on the insulating substrate,
[0041] a gate electrode line formed on the insulating
substrate,

[0042] 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,

[0043] a semiconductor layer formed on the insulating
film,

[0044] a contact layer formed on the semiconductor layer,
[0045] a source electrode connected to the contact layer,
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[0046] 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,

[0047] a source electrode line connected to the source
electrode,
[0048] an interlayer insulating film formed on the gate

electrode, the gate electrode line, the source electrode, the
source electrode line and the drain electrode,

[0049] a pixel electrode which is formed on the interlayer
insulating 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

[0050] 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,

[0051]

[0052] (a) forming the gate electrode and the gate elec-
trode line on the insulating substrate,

[0053] (b) depositing the insulating film on the gate elec-
trode, 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,

the method comprising steps of:

[0054] (c) forming the semiconductor layer over the gate
electrode through the insulating film and forming the contact
layer on the semiconductor layer,

[0055] (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 ¢lectrode and the drain electrode as masks,

[0056] (e) depositing the interlayer insulating film on the
source electrode, the source electrode line and the drain
clectrode,

[0057] (f) 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

[0058] (g) forming simultaneously the pixel electrode and
the connecting line.

[0059] 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:

[0060] (a) providing the one contact hole into the inter-
layer insulating film, and

[0061] (b) etching a lower film of the multi-layer film by
using the interlayer insulating film as a mask.
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[0062] Preferably, an etching stopper is provided on the
semiconductor layer and in step (b) the etching stopper is
provided after forming the semiconductor layer on the gate
electrode and the gate electrode line.

[0063] According to the present invention there is pro-
vided 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 TFT array substrate,

[0064]

wherein the TFT array substrate comprises

[0065] an insulating substrate,

[0066] a gate clectrode formed on the insulating substrate,
[0067] a gate electrode line formed on the insulating
substrate,

[0068] 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,

[0069] a semiconductor layer formed on the insulating
film,

[0070] a contact layer formed on the semiconductor layer,
[0071] a source electrode connected to the contact layer,
[0072] 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,

[0073] a source electrode line connected to the source
electrode,
[0074] an interlayer insulating film formed on the gate

electrode, the gate electrode line, the source electrode, the
source electrode line and the drain electrode,

[0075] a pixel electrode which is formed on the interlayer
insulating 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

[0076] a connecting line which is made of a same material
that of the pixel electrode and connects electrically at a
connecting 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:

[0077]

[0078] (b) providing a first alignment film on the TET
array substrate and performing rubbing operation on the TET
array substrate,

[0079]
[0080] (d) fabricating the opposite substrate,

[0081] (e) providing a second alignment film on the oppo-
site substrate and rubbing the second alignment film,

(a) fabricating the TFT array substrate,

(c) spreading spacers on the first alignment film,
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[0082] (f) printing sealing agent on prescribed area of the
second alignment film,

[0083] (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
material and injecting the liquid crystal material between the
TFT array substrate and the opposite substrate and bonding
the hole for injecting liquid crystal material,

[0084] (h) cutting the connecting line at the connecting
portion,
[0085] (i) connecting the gate IC and the source IC to the

TFT array substrate,

[0086] (j) connecting the circuit boards to the gate IC and
to the source IC respectively.

[0087] Preferably, in step (f) sealing agent is provided on
prescribed area of the first alignment film in place of the
second alignment film.

BRIEF EXPLANATION OF THE DRAWINGS

[0088] FIG. 1 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 1 of the present invention;

[0089] FIGS. 2(a) to 2(e) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 1 of the
present invention,

[0090] FIG. 3 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 2 of the present invention;

[0091] FIG. 4 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 3 of the present invention,

[0092] FIGS. 5(a) to 5(e) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 3 of the
present invention,

[0093] FIG. 6 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 4 of the present invention;

[0094] FIG. 7 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 5 of the present invention;

[0095] FIGS. 8(a) to 8(e) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 5 of the
present invention,

[0096] FIG. 9 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 6 of the present invention;

[0097] FIGS. 10(a) to 10(e) are sectional views illustrating
manufacturing steps for a TFT array substrate provided in a
liquid crystal display according to Embodiment 6 of the
present invention,

[0098] FIG. 11 is a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 7 of the present invention;
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[0099] FIG. 12 a plan view illustrating a TFT array
substrate provided in a liquid crystal display according to
Embodiment 8 of the present invention;

[0100] 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,

[0101] FIGS. 14(a) to 14(d) are sectional views illustrat-
ing manufacturing steps for a TFT array substrate provided
in a liquid crystal display according to Embodiment 9 of the
present invention;

[0102] FIGS. 15(a) to 15(d) are sectional views illustrat-
ing manufacturing steps for a TFT array substrate provided
in a liquid crystal display according to Embodiment 11 of
the present invention;

[0103] FIGS. 16(a) to 16(d) are sectional views illustrat-
ing manufacturing steps for a TFT array substrate provided
in a liquid crystal display according to Embodiment 12 of
the present invention;

[0104] 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,

[0105] FIG. 18 is a diagram illustrating an equivalent
circuit of a liquid crystal display;

[0106] FIG. 19 is a diagram illustrating an equivalent
circuit of one pixel of a liquid crystal display;

[0107] FIG. 20 is a plan view illustrating a TFT array
substrate provided in a conventional liquid crystal display;
and

[0108] 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

[0109] 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).

[0110] Referring to FIG. 1 and FIGS. 2(a) to 2(e), refer-
ence 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
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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 5 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
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 ITO or the like formed on the interlayer insulating film 13,
used to apply a driving voltage upon liquid crystal material.

[0111] 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 capaci-
tance electrode 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 § and
an interlayer insulating film 13 on the gate line 2 for
connecting the gate line 2 with the source line 9.

[0112] 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 13c and a
contact hole 13d. Reference numeral 24 denotes connecting
(shor-circuiting) portion. Reference numeral 31 denotes
intersecting portion at which gate line intersects source line.
Reference numeral 32 denotes TFT portion. Reference
numeral 33 denotes a storage capacitor portion.

[0113] A manufacturing method of a TFT array substrate
of an AMLCD in this embodiment will now be described.

[0114] 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.

[0115] As shown in FIG. 2(b), silicon nitride or the like
for composing a gate insulating film 5, then, amorphous
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silicon, polycrystalline silicon or the like, then, n* amor-
phous 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.

[0116] 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
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.

[0117] Asshown in FIG. 2(d), an interlayer insulating film
13 composed of silicon nitride, silicon oxide, inorganic
insulating 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 134, 13D, 13¢ and 134 in an interlayer insulating film
13. At this time, the contact holes 13a, 135, 13c and 13d are
desirably formed by etching in such a manner that the wall
of the contact hole is tapered.

[0118] The contact hole 134 on the gate line 2 is desirably
formed by etching at one time a gate insulating film § 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,, HCI+O, and F+0, or a mixed
gas including either of SF, CF,, HCl and F, capable of taper
etching can be used.

[0119] The etching method can be either of a wet etching
method and a dry etching method.

[0120] Finally, as shown in FIG. 2(e), a transparent con-
ductive film of ITO or the like is formed. Then, the formed
film is 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 con-
necting 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
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connected with a drain electrode 11 through a contact hole
134, and a storage capacitance electrode 4 through a contact
hole 13b.

[0121] 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.

[0122] Further, a manufacturing method of AMLCD in
this embodiment will now be described.

[0123] 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 super-
posed through the liquid crystal material. Rubbing is per-
formed 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.

[0124] 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.

[0125] The first surface of the opposite substrate is to be
inside surface of the AMLCD. A rubbing operation is
performed on 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., pre-
scribed area on the periphery of first surface of the opposite
substrate.

[0126] Thus formed two substrates, i.c., 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 sealing 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.

[0127] After obtaining a liquid crystal display panel, a
connecting line is cut at a connecting portion 24 at which
one gate line 2 and one source line 9 are short-circuited.

[0128] The connecting portion was provided in order to
prevent from generation of static electricity, since such static
electricity 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.

[0129] 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.
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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 automated 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.

[0130] In the next step, circuit boards are connected elec-
trically 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.

[0131] As described above, a liquid crystal display con-
nected with circuit boards is obtained as module and can be
driven electrically.

[0132] The function of an AMLCD in this embodiment
will now be described referring to FIGS. 1, 2() through 2(e)
and 18. Referring to FIG. 18, reference numeral 21 denotes
a TFT, reference numeral 22 denotes pixel capacitance (in
equivalent circuit) provided by liquid crystal material, ref-
erence 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 semiconductor layer 6, a drain electrode 11
which compose a 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 elec-
trode 11. Storage capacitance 23 provided by a common line
4, a gate insulating film 5 and a storage capacitance elec-
trode 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.

[0133] 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.

[0134] After the rubbing step has been completed, a con-
necting 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.

[0135] According to the invention, in an AMLCD having
structure 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 § 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 13« for connecting a drain electrode 11 with a
pixel electrode 14 are formed at the same time. Further, the
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connecting line connects the gate line 2 and the source line
9 through a contact holes 13c 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 connect-
ing the a gate line 2 and the source line 9 shown in the
conventional example is unnecessary. The frequency of the
photolithography steps in manufacturing the TFT array
substrate can be reduced by one as compared with the
conventional example. The manufacturing step can be sim-
plified, so that the manufacturing cost is reduced and
throughput is enhanced.

EMBODIMENT 2

[0136] 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 embodi-
ment 1 can be obtained.

[0137] In the present embodiment, a common line 4 in
FIG. 1 becomes unnecessary. The storage capacitance elec-
trode 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
configuration and a manufacturing method are similar to
those of the embodiment 1, and hence, explanation thereof
is omitted.

EMBODIMENT 3

[0138] In the embodiment 1, a storage capacitance elec-
trode 12 is formed simultancously 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 5 and a common line 4. Thus, an effect
similar to that of the embodiment 1 is obtained. At this time,
since the storage 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.

[0139] 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(a) to 5(¢) are similar to
those of the embodiment 1, explanation thereof is omitted.

[0140] 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
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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 134 is formed. The pixel
electrode 14 is connected electrically with a drain electrode
through a contact hole 13a.

[0141] 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

[0142] 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.

[0143] A storage capacitance common line 4 in FIG. 5(a)
in the embodiment becomes unnecessary. Other configura-
tion and a manufacturing method are similar to those of the
embodiment 3, and hence explanation thereof is omitted.

EMBODIMENT 5

[0144] In the embodiment 1, a storage capacitance elec-
trode 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 13a 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.

[0145] 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
(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) arc similar to those of the
embodiment 1, explanation thereof is omitted.

[0146] 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 semi-
conductor 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 electrode 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(e), a con-
necting line 15 is formed for electrically connecting a gate
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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.

[0147] A TFT 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.

[0148] A configuration for forming a storage capacitance
electrode 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

[0149] Inthe 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(¢) to 10(e), 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.

[0150] FIG. 9 is a plan view showing one pixel of a TFT
array substrate of the embodiment 6. FIGS. 10(a) to 10(e)
are sectional views showing steps of manufacturing a con-
necting (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.

[0151] 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.

[0152] As shown in FIG. 10(d), an interlayer insulating
film 13 of thick film is formed. Then, contact holes 13a, 135,
13c and 134 are provided in an interlayer insulating film 13
by etching by using a resist formed through a photolithog-
raphy process. At this time, contact holes 134, 13b, 13¢ and
13d are desired to be provided by taper etching. Further,
when a photosensitive material is employed as an interlayer
insulating 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.

[0153] The contact hole 134 on the gate line 2 is desirably
formed by etching a gate insulating film 5 and an interlayer
insulating 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
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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+O, and F+O, or a mixed gas including
either of SF, CF,, HCl and F, capable of a taper etching can
be used.

[0154] The etching method can be either of a wet etching
method and a dry etching method.

[0155] 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 elec-
trically connected with a drain electrode 11 through a
contact hole 134, and with a storage capacitance electrode
12 through a contact hole 13b.

[0156] 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

[0157] 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.

[0158] Astorage capacitance common line 4 in FIG. 10(a)
in the embodiment becomes unnecessary. Since other con-
figuration and a manufacturing method are similar to those
of the embodiment 6, explanation thereof is omitted.

EMBODIMENT §

[0159] 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 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 Interna-
tional Business Machines Corporation, which inspects the
TFT array with the charging condition of the storage capaci-
tance. 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



US 2001/0019373 Al

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.

[0160] 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 connecting (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
embodiment 1, explanation thereof is omitted.

[0161] 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(a), 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.

[0162] As shown in FIG. 13(d), an interlayer insulating
film 13 of thick film is formed. Then, contact holes 135, 13¢
and 13d 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, 135, 13¢ and 134
are desirably formed by taper etching. Further, a photosen-
sitive material can be employed as an interlayer insulating
film 13 of thick film. At this moment, a resist is not
necessary.

[0163] The contact hole 134 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 § 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
SF4+0,, CF,+0,, HCI+0, 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.

[0164] The etching method can be either of a wet etching
method and a dry etching method.

[0165] 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 13d. 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.

[0166] 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
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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.

[0167] A configuration for forming a storage capacitance
electrode 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 an interlayer insulating film 13.

EMBODIMENT 9

[0168] 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), refer-
ence 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.

[0169] 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(¢), 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.

[0170] 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.

[0171] 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 electrode 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
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film 16 such as inorganic insulating film, organic insulating
film or the like higher in density than the interlayer insulat-
ing 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 13b, 13¢ and 13d 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 13d. The pixel
electrode 14 is electrically connected with a storage capaci-
tance electrode 12, and a drain electrode 11 integrally
formed with a storage capacitance electrode 12 through a
contact hole 13b.

[0172] 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
embodiment can be applied.

[0173] 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
prevented from reaching a semiconductor layer 6.

EMBODIMENT 10

[0174] A gate line 2 and a gate electrode 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 134 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 conatct 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 § and an
anodic oxidation film, in the formation of a contact hole 13d
becomes unnecessary.

[0175] 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 embodi-
ment 1 can be obtained and a generation of hillock is
prevented.

EMBODIMENT 11

[0176] 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.

[0177] FIGS. 15(a) to 15(e) are sectional views showing
steps of manufacturing a channel passivation type TFT
portion of a TFT array substrate of an embodiment 11.
Referring to FIGS. 15(a) to 15(e), reference numeral 17
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denotes a semiconductor film for constituting a semicon-
ductor 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.

[0178] A method of manufacturing an etching stopper type
TFT will now be described. As shown in FIG. 15(a), a
conductive material is deposited. Then, the deposited con-
ductive 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 semicon-
ductor 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 stopper 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 photolithog-
raphy process, in order to form a contact layer 7, a source
electrode 10 and a drain electrode 11.

[0179] The method for forming the contact layer by depo-
sition 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 photolithography process, in order to form a semiconduc-
tor 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 photolithog-
raphy process, in order to form a source ¢clectrode 10 and a
drain electrode 11. A channel passivation type TFT is formed
by the above described step.

[0180] Aninterlayer 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.

[0181] According to this embodiment, even in a TFT array
substrate on which a channel passivation type TFT is pro-
vided, 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

[0182] In the embodiment 11, a semiconductor film 17 is
patterned 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
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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.

[0183] In another case, after the etching stopper 18 is
formed (FIG. 16(b)), by using as a mark an etching stopper
or a 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

[0184] In the aforementioned embodiment, an inverted
staggered type as TFT construction is shown, but a staggered
type TFT can be used as shown in FIG. 17(a) to 17(e).

[0185] 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.

[0186] A manufacturing method will now be described. As
shown in FIG. 17(a), after a conductive material is depos-
ited 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.

[0187] 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, 13c and
134 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 pat-
terned by a photolithography process, in order to form a
pixel electrode 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
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a source line 3 through a contact hole 13c and a contact hole
13d. A pixel electrode 14 is electrically connected with a
drain electrode 11 through a contact hole 13a, and with a
common line 4 through a contact hole 13b.

[0188] 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

[0189] In the aforementioned embodiments (1 to 13), a
transparent 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
composed of a single-layer film or a multi-layer film lami-
nated with these single layer films of either of Al, Cr, Ta or
the like or an alloy chiefly composed of the above-men-
tioned metals as a pixel electrode. In this case, TFT array
substrate can be used as a reflective type liquid crystal
display.

[0190] 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 sim-
plified, 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.

[0191] A storage capacitance electrode becomes unneces-
sary, preventing inferior contact with a source line to be
formed in a same layer as that of a storage capacitance
¢lectrode.

[0192] Since the number of forming contact holes into an
interlayer 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.

[0193] Also, the forming a storage capacitance electrode
becomes unnecessary.

[0194] Further, an aperture ratio can be improved by
superposing a pixel electrode on a gate line and a source line.

[0195] 1t 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 variations or modifications which falls within the



US 2001/0019373 Al

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 TFT array substrate comprising:

an insulating substrate,
a gate electrode 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
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 elec-
trode, said gate electrode line, said source electrode,
said source electrode line and said drain electrode,

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
between said gate electrode line and said source elec-
trode line through a second contact hole provided in
said insulating film and a third contact hole provided in
said interlayer insulating film.

2. The TFT array substrate of claim 1, wherein said TFT

array substrate further includes

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

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

3. The TFT array substrate of claim 1, wherein said TFT
array substrate further includes a common line for storage
capacitance formed at a same time when said gate electrode
and said gate electrode line are formed, so that said TFT
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array substrate includes a storage capacitance between said
common line for storage capacitance and said pixel elec-
trode.

4. The TFT array substrate of claim 2, wherein said
storage capacitance is provided by said storage capacitance
electrode and said gate electrode line.

5. The TFT array substrate of claim 2, wherein said
storage capacitance is provided by said gate electrode and
said pixel electrode.

6. The TFT array substrate of claim 1, wherein said
interlayer insulating film comprises a thick film.

7. The TFT array substrate of claim 1, wherein said
interlayer insulating film comprises a multi-layer film
including a high density film as a lower layer of said
multi-layer film.

8. The TFT array substrate of claim 6, wherein said high
density film is composed of silicon nitride.

9. The TFT array substrate of claim 1, wherein said pixel
electrode superposes on at least one of said gate electrode
line and said source electrode line.

10. The TFT array substrate of claim 1, wherein an
etching stopper is provided on said semiconductor layer.

11. A method of manufacturing a TFT array substrate
comprising

an insulating substrate,
a gate electrode 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
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 elec-
trode, said gate electrode line, said source electrode,
said source electrode line and said drain electrode,

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
between said gate electrode line and said source elec-
trode 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 insulating film,
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said method comprising steps of:

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

(b) depositing said insulating film 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,

(c) forming said semiconductor layer over said gate
electrode through said insulating film and forming said
contact layer on said semiconductor layer,

(d) forming said source electrode and said drain electrode
on said contact layer, and forming said source electrode
line and etching said contact layer by using said source
electrode and said drain electrode as masks,

(¢) depositing said interlayer insulating film on said
source electrode, said source electrode line and said
drain electrode,

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

(g) forming simultaneously said pixel electrode and said

connecting line.

12. The method of manufacturing a TFT array substrate of
claim 9, wherein at least one contact hole of said first contact
hole, said second contact hole and said third contact hole, in
multi-layer film including at least said interlayer insulating
film as a top layer of said multi-layer film is provided by
steps of:

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

(b) etching a lower film of said multi-layer film by using

said interlayer insulating film as a mask.

13. The method of manufacturing a TFT array substrate of
claim 10, wherein an etching stopper is provided on said
semiconductor layer and in step (b) said etching stopper is
provided after forming said semiconductor layer on said gate
electrode and said gate electrode line.

14. 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 electrode 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,
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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
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 elec-
trode, said gate electrode line, said source electrode,
said source electrode line and said drain electrode,

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:

(a) 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,

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

(¢) 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.

15. The method of manufacturing a TFT array substrate of
claim 14, wherein step (f) scaling agent is provided on
prescribed area of said first alignment film in palce of said
second alignment film.
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