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MANUFACTURING METHOD OF
SUBSTRATE FOR DISPLAY DEVICE AND
MANUFACTURING METHOD OF DISPLAY
DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2015-242365 filed on Dec. 11, 2015, the
entire subject matter of which 1s incorporated herein by
reference.

TECHNICAL FIELD

This disclosure relates to a substrate for a display device
having a film formed by using oxide semiconductor, a
manufacturing method thereof, the display device and a
manufacturing method thereof.

BACKGROUND

In recent years, a liquid crystal display device 1s often
used as an example of a display device. The liquid crystal
display device 1s includes a thin film transistor (hereinafter
referred to as ““I'F17) array substrate, in which liquid crystal
layer 1s interposed between a pair of translucent insulation
substrates. The TFT array substrate includes, on a liqud
crystal layer face of one of the pair of translucent insulation
substrates, a plurality of scanning wirings and a plurality of
signal wirings arranged 1n a matrix with interposing an
insulation film. TFTs are provided in the vicinity of cross
points between the scanning wirings and the signal wirings,
and pixel electrodes apply 1image signals through the signal
wirings.

Supplying of the image signals to the pixel electrodes 1s
controlled by controlling turning on/ofl of the TF'Ts, based
on the scanning signals from the scanning wirings. Termi-
nals for inputting the signals to the scanning wirings and the
signal wirings are provided at the outer-side end portions of
a display region of the TF'T array substrate. Further, terminal
wirings for coupling between the scanning wirings and the
corresponding terminals, and terminals wirings for coupling
between the signal wirings and the corresponding terminals
are provided.

Further, the liquid crystal display device includes a color
filter (hereinafter referred to as “CF”) substrate as the other
of the pair of translucent insulation substrates.

In the display device, while high precision and miniatur-
1zation 1s progressed, a demand for reducing failure 1n a
manufacturing process 1s also increased. Failure of the
display device i1s caused based on various reasons. One
example of the reasons 1s a disconnection failure in which a
wiring such as the signal wiring, the scanning wiring or the
terminal wiring 1s partially broken due to foreign particle
incorporated in the manufacturing process, for example. If
the disconnection failure occurs, an electrical signal flowing,
through this wiring 1s broken, and thus a display failure such
as a line-shaped image appears on a display screen.
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For example, JP-A-H05-232496 discloses a technique
so-called “connection repair” with respect to such the dis-
connection failure. According to the background art, a laser
light 1s 1rradiated on two portions which sandwich the
disconnection part of the wiring to partially remove the
insulation film covering the wiring, and thus two contact
holes each penetrating the insulation film are formed, so that
a metal film 1s formed so as to bridge the two contact holes
sandwiching the disconnection part, thereby electrically

connecting the disconnection part to make this part conduc-
tive.

SUMMARY

However, according to the connection repair described
above, shape of the inner wall of the contact hole becomes
irregular when forming the contact hole 1n the insulation
film. Accordingly, the coverage performance of the metal
film formed as an upper layer becomes low, and suflicient
clectrical conductively cannot be obtained despite of the
connection repair, and thus a conduction failure occurs.

This disclosure provides a substrate for a display device,
a manufacturing method thereotf, the display device and a
manufacturing method thereof, each of which can reduce a
conduction failure which occurs at a time of performing
connection repair with respect to disconnection of a wiring.

The substrate for the display device and the display device
according to this disclosure includes: an insulation substrate;
an 1nsulation film, which 1s formed on the insulation sub-
strate and 1s primarily made of one of silicon oxide and

oxidized metal; an inorganic film, which 1s formed to be 1n
direct contact with the 1nsulation film and has an insulator
part that 1s formed by changing oxide semiconductor into
insulator; and a wiring film, which 1s formed to be 1n direct
contact with the insulator part.

The method of manufacturing the substrate for the display
device and the method of manufacturing the display device
according to this disclosure includes: forming, on an insu-
lation substrate, an msulation film, which 1s primarily made
of one of silicon oxide and oxidized metal; forming an
inorganic {ilm, which has an insulator part that 1s formed by
changing oxide semiconductor into insulator, to be in direct
contact with the mnsulation film; and forming a wiring film
to be 1n direct contact with the insulator part.

According to the substrate for the display device and the
display device according to this disclosure, even if discon-
nection occurs 1n the wiring film, 1t 1s possible to reduce
conduction failure occurring at a time of performing con-
nection repair.

According to the method of manufacturing the substrate
for the display device and the method of manufacturing the
display device according to this disclosure, even if the
disconnection occurs in the wiring film, the conduction
failure occurring at the time of performing the connection
repair can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the
following detailed descriptions considered with the refer-
ence to the accompanying drawings, wherein:

FIG. 1 1s a top view 1llustrating a TF'T array substrate
according to a first embodiment of this disclosure;

FIG. 2 1s a top view illustrating a TF'T array substrate

according to the first embodiment of this disclosure;
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FIG. 3 1s a cross-sectional view 1illustrating the TF'T array
substrate according to the first embodiment of this disclo-
SUre;

FIG. 4 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according
to the first embodiment of this disclosure;

FIG. 5 1s a cross-sectional view illustrating a part of the
manufacturing process of the TFT array substrate according,
to the first embodiment of this disclosure:

FIGS. 6 A and 6B are cross-sectional views illustrating a
part of the manufacturing process of the TF'T array substrate
according to the first embodiment of this disclosure;

FIG. 7 1s a cross-sectional view illustrating a part of the
manufacturing process of the TFT array substrate according,
to the first embodiment of this disclosure;

FIG. 8 1s a cross-sectional view illustrating a part of the
manufacturing process of the TFT array substrate according
to the first embodiment of this disclosure:

FIG. 9 1s a top view 1illustrating a TFT array substrate
according to the first embodiment of this disclosure;

FIG. 10 1s a top view illustrating a TF'T array substrate
according to the first embodiment of this disclosure;

FIG. 11 1s a top view illustrating a TFT array substrate
according to the first embodiment of this disclosure;

FIG. 12 1s a top view illustrating a TF'T array substrate
according to the first embodiment of this disclosure;

FIG. 13 1s a cross-sectional view 1llustrating the TFT array
substrate according to the first embodiment of this disclo-
SUre;

FIG. 14 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according
to the first embodiment of this disclosure;

FIG. 15 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the first embodiment of this disclosure:

FI1G. 16 1s a cross-sectional view 1llustrating the TF'T array
substrate according to the first embodiment of this disclo-
Sure;

FIG. 17 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the first embodiment of this disclosure;

FIG. 18 1s a top view illustrating the TFT array substrate
according to the first embodiment of this disclosure;

FIG. 19 1s a cross-sectional view 1illustrating a lhiquid
crystal display device according to the first embodiment of
this disclosure;

FIG. 20 1s a cross-sectional view illustrating a TF'T array
substrate according to a second embodiment of this disclo-
Sure;

FIG. 21 1s a cross-sectional view illustrating a TF'T array
substrate according to the second embodiment of this dis-
closure;

FIG. 22 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according,
to the second embodiment of this disclosure;

FIG. 23 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according
to the second embodiment of this disclosure;

FI1G. 24 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according
to the second embodiment of this disclosure;

FI1G. 25 15 a cross-sectional view 1llustrating the TE'T array
substrate according to the second embodiment of this dis-
closure;

FIG. 26 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the second embodiment of this disclosure;
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FIG. 27 1s a cross-sectional view 1llustrating a TF'T array
substrate according to a third embodiment of this disclosure;

FIG. 28 1s a cross-sectional view 1llustrating a TFT array
substrate according to the third embodiment of this disclo-
SUre;

FIG. 29 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according,
to the third embodiment of this disclosure;

FIG. 30 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TF'T array substrate according,
to the third embodiment of this disclosure;

FIG. 31 1s a cross-sectional view 1illustrating a part of the
manufacturing process of the TFT array substrate according,
to the third embodiment of this disclosure:

FIG. 32 1s a cross-sectional view 1illustrating a part of the
manufacturing process of the TFT array substrate according,
to the third embodiment of this disclosure:

FIG. 33 is a cross-sectional view 1llustrating a TFT array
substrate according to the third embodiment of this disclo-
SUre;

FIG. 34 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the third embodiment of this disclosure:

FIG. 35 1s a cross-sectional view 1llustrating a TFT array
substrate according to a fourth embodiment of this disclo-
SUre;

FIG. 36 1s a cross-sectional view 1llustrating a TF'T array
substrate according to the fourth embodiment of this disclo-
SUre;

FIG. 37 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according
to the fourth embodiment of this disclosure;

FIG. 38 1s a cross-sectional view 1illustrating a part of the
manufacturing process of the TFT array substrate according,
to the fourth embodiment of this disclosure;

FIG. 39 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the fourth embodiment of this disclosure;

FIG. 40 1s a cross-sectional view 1llustrating a TFT array
substrate according to the fourth embodiment of this disclo-
SUre;

FIG. 41 1s a cross-sectional view 1illustrating a part of the
manufacturing process of the TFT array substrate according
to the fourth embodiment of this disclosure;

FIG. 42 1s a cross-sectional view 1llustrating a TFT array
substrate according to a fifth embodiment of this disclosure;

FIG. 43 1s a cross-sectional view 1llustrating a TFT array
substrate according to the fifth embodiment of this disclo-
sure;

FIG. 44 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according,
to the fifth embodiment of this disclosure;

FIG. 45 15 a top view 1illustrating a TFT array substrate
according to the fifth embodiment of this disclosure;

FIG. 46 1s a top view 1illustrating a TFT array substrate
according to the fifth embodiment of this disclosure;

FIG. 47 1s a top view 1illustrating a TFT array substrate
according to a sixth embodiment of this disclosure;

FIG. 48 1s a top view 1illustrating a TFT array substrate
according to the sixth embodiment of this disclosure;

FI1G. 49 1s a cross-sectional view illustrating the TFT array
substrate according to the sixth embodiment of this disclo-
sure;

FIG. 50 1s a cross-sectional view illustrating a part of
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;
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FIG. 51 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,

to the sixth embodiment of this disclosure;

FIG. 52 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TF'T array substrate according,
to the sixth embodiment of this disclosure;

FIG. 53 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FIG. 54 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FIG. 55 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according
to the sixth embodiment of this disclosure;

FIG. 56 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FI1G. 57 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FIG. 58 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FIG. 59 1s a top view 1llustrating a TFT array substrate
according to the sixth embodiment of this disclosure;

FIG. 60 1s a top view illustrating a TF'T array substrate
according to the sixth embodiment of this disclosure;

FIG. 61 1s a top view illustrating a TF'T array substrate
according to the sixth embodiment of this disclosure;

FIG. 62 1s a top view illustrating a TF'T array substrate
according to the sixth embodiment of this disclosure;

FI1G. 63 1s a cross-sectional view 1llustrating the TF'T array
substrate according to the sixth embodiment of this disclo-
Sure;

FIG. 64 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FIG. 65 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according
to the sixth embodiment of this disclosure;

FIG. 66 1s a cross-sectional view 1llustrating the TEF'T array
substrate according to the sixth embodiment of this disclo-
SUre;

FIG. 67 1s a cross-sectional view 1llustrating a part of the
manufacturing process of the TFT array substrate according,
to the sixth embodiment of this disclosure;

FIG. 68 1s a top view illustrating the TF'T array substrate
according to the sixth embodiment of this disclosure;

FIG. 69 1s a cross-sectional view 1llustrating the TFT array
substrate according to the sixth embodiment of this disclo-
sure; and

FIG. 70 1s a cross-sectional view 1illustrating a lhiquid
crystal display device according to the sixth embodiment of
this disclosure.

DETAILED DESCRIPTION

First Embodiment

Firstly, configurations of TFT array substrates 100a, 100b
used as a substrate for a display device according to the first
embodiment of this disclosure will be described. FIG. 1 1s a
top view 1llustrating the TFT array substrate 100a according,
to the first embodiment of this disclosure.

A display region of the TFT array substrate 100a of a
liquad crystal display device will be described with reference
to FIG. 1. In the display region, gate wiring films 2 as a

10

15

20

25

30

35

40

45

50

55

60

65

6

plurality of scanning wirings, and thusurce wiring films 5 as
a plurality of signal wirings are arranged 1n a matrix.

A TFT 12a having an a-S1 layer 4, a gate electrode 3, a
source electrode 6 and a drain electrode 7 1s provided 1n the
vicinity of a cross point of the gate wiring film 2 and the
source wiring film 3. The individual display region contains
a pixel electrode 9 which 1s supplied with an 1image signal
from the drain electrode 7 via a contact hole 8.

FIG. 2 1s a top view 1illustrating the TF'T array substrate
100b according to the first embodiment of this disclosure.
FIG. 2 corresponds to the TFT array substrate 100a 1n a stage
betore forming the pixel electrode 9, the contact hole 8, an
interlayer insulation film 14, the source electrode 6, the drain
clectrode 7, the source wiring film 5, the a-S1 layer 4 and a
gate msulation film 13. FIG. 3 1s a cross-sectional view of
the TFT array substrate 100b according to the first embodi-
ment of this disclosure. FIG. 3 1s the cross-sectional view
taken along line A-A 1n parallel to a longitudinal direction of
the gate wiring film 2 i FIG. 2.

In FIG. 3, an isulation film 10 1s formed on a glass
substrate 1 as a translucent insulation substrate. The insu-
lation film 10 1s primarily made of silicon oxide (S10x) such
as S10,,.

For example, the msulation film 10 has a thickness of 1
nm to 1 um. This film thickness 1s preferably 1 nm or more
in a view point of forming a umiform film and obtaining a
function of the insulation film. On the other hand, this film
thickness 1s preferably 1 um or less 1 a view point of
productivity. More preferably, this film has the thickness of
10 nm to 500 nm.

An morganic film 11 1s formed on the msulation film 10
to be i direct contact with the insulation film 10. The
inorganic {ilm 11 1s formed by an insulator part 11a which
1s obtained by changing oxide semiconductor into msulator.
The insulator means that a specific resistance thereof is
1x10° Q-cm or more. More preferably, the insulator has the
specific resistance of 1x10” Q-cm or more.

The morganic film 11 1s made of oxide semiconductor
such as InGaZnO (indium gallium zinc oxide) under a
condition to obtain property of the insulator.

For example, the inorganic film 11 has a thickness of 5 nm
to 1 um. This film thickness i1s preferably 5 nm or more in
a view point of forming a uniform film. On the other hand,
this film thickness 1s preferably 1 um or less 1n a view point
of productivity. More preferably, this film has the thickness
of 10 nm to 500 nm.

The gate wining film 2, as a wiring film for forming a gate
wiring, 1s formed on the insulator part 11a to be in direct
contact with the insulator part 11a which 1s obtained by
changing the oxide semiconductor into the insulator.

The gate wiring film 2 1s formed of metal, for example,
chrome (Cr), aluminum, aluminum alloy, molybdenum,
molybdenum alloy or copper.

For example, the gate wiring film 2 has a thickness ot 50
nm to 1 um. This film thickness 1s preferably 50 nm or more
in a view point of lowering a resistance value. On the other
hand, this film thickness 1s preferably 1 um or less 1n a view
point of productivity. More preferably, this film has the
thickness of 100 nm to 500 nm.

Secondly, a manufacturing method of the TFT array
substrates 100a, 100b according to the first embodiment of
this disclosure will be described. FIGS. 4 to 8 are cross-
sectional views illustrating parts ol manufacturing process
of the TFT array substrate 100b according to the {irst
embodiment of this disclosure.

At first, an S10, film 1s formed to have a thickness of
about 50 nm on the entire surface of the glass substrate 1 as
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the translucent insulation substrate, by using a CVD device,
whereby the insulation film 10 1s formed (FIG. 4).

Next, an InGaZnO film as the oxide semiconductor film
1s formed to have a thickness of about 80 nm on the entire
surtace of the msulation film 10 under a condition to obtain
property of the insulator, by using a sputtering device,
whereby the 1norganic film 11 made of the 1nsulator part 11a
1s formed (FIG. §5). Specifically, for example, this film 1s
tformed under a condition that a partial pressure of oxygen
with respect to Ar (argon) i1s set to about 20% in the
sputtering.

In place of forming the InGaZnO film of the oxide
semiconductor under the condition to obtain the property of
insulator, the InGaZnO film may be formed under a condi-
tion to obtain property of semiconductor to form a semi-
conductor part 11b (FIG. 6A). Then the InGaZnO may be
changed 1nto insulator, that 1s, changed to the insulator from
the semiconductor by implementing a plasma process (N,O
plasma process) P with using nitrous oxide (N,O) gas, and
thus the morganic film 11 made of the insulator part 11a may
be formed (FIG. 6B). The semiconductor means that a
specific resistance thereof is more than 1x10™> Q-cm and
less than 1x10° ©-cm. More preferably, the semiconductor
has the specific resistance of 1x10° Q-cm to 1x10° Q-cm.

Next, a chrome film 1s formed to have a thickness of about
200 nm by using the sputtering device, whereby the gate
wiring film 2 1s formed on the insulator part 11a (FIG. 7).
Thereatter, a photoengraving process for forming a wiring
pattern, etc. 1s performed on the gate wiring film 2 by using
resist 15, and an etching process for removing portions of
the gate wiring film 2 not covered by the resist 15 1s
performed (FIG. 8). Then the resist 15 1s removed, and thus
the TFT array substrate 100b shown 1 FIGS. 2 and 3 1s
obtained.

Thereatfter, the gate insulation film 13, the a-S1 layer 4, the
source wiring film 35, the source electrode 6, the drain
clectrode 7, the mterlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus the TFT
array substrate 100a shown 1n FIG. 1 1s obtained.

Thirdly, configurations of the TFT array substrates 100a,
100b according to the first embodiment of this disclosure 1n
a case where the gate wiring film 2 has a disconnection part
OP will be described. FIG. 9 15 a top view illustrating a TFT
array substrate 200a according to the first embodiment of
this disclosure. In FIG. 9, the TFT array substrate 200a
according to the first embodiment of this disclosure has the
disconnection part OP at the gate wiring film 2. The TFT
array substrate 200a shown 1n FIG. 9 has the same configu-
ration as the TFT array substrate shown in FIG. 1 except for
that the gate wiring film 2 has the disconnection part OP.

FIG. 10 1s a top view illustrating a TF'T array substrate
200b according to the first embodiment of this disclosure.
FIG. 10 corresponds to the TFT array substrate 200a of FIG.
9 1n a stage before forming the pixel electrode 9, the contact
hole 8, the interlayer msulation film 14, the source electrode
6, the drain electrode 7, the source wiring film 5, the a-Si1
layer 4 and the gate insulation film 13.

FIG. 16 1s a cross-sectional view of the TFT array
substrate 200b according to the first embodiment of this
disclosure. FIG. 16 1s the cross-sectional view taken along
line B-B 1n parallel to a longitudinal direction of the gate
wiring film 2 1n FIG. 10. In the configuration of the TFT
array substrate according to the first embodiment of this
disclosure 1n the case of having the disconnection part OP,
as shown in FIG. 16, the gate wiring {ilm 2 1s separated 1n
the longitudinal direction in a manner of interposing the
disconnection part OP. Thus, a first gate wiring film 2a and

10

15

20

25

30

35

40

45

50

55

60

65

8

a second gate wiring film 2b being not 1n direct contact with
the first gate wiring film 2a are formed. Since the remaining
configuration of this TFT array substrate 1s the same as that
in the case where the disconnection part OP 1s not formed as
shown 1n FIG. 3, descriptions thereol will be omutted.

One example of mechanism of causing the disconnection
part OP at the wiring will be described. It foreign particle 16
1s 1ncorporated on the surface of the substrate or the like, 1t
arises various defects such as disconnection, short-circuit
and insulation failure. Array manufacturing processes such
as the photoengraving process, etc. are performed in a
so-called “clean room” from which the foreign particle 16 1s
removed as much as possible.

However, for example, the fine foreign particle 16 gen-
crated from a manufacturing device 1s sometimes 1nCOrpo-
rated on the surface of the substrate or the like. FIGS. 14 and
15 are cross-sectional views illustrating parts of the manu-
facturing process of the TF'T array substrate 200b according
to the first embodiment of this disclosure. FIG. 14 1llustrates
a case where the foreign particle 16 1s incorporated into the
resist 15 in the photoengraving process shown in FIG. 8.
FIG. 15 1s the cross-sectional view 111ustrat111g a state where
the foreign particle 16 of FIG. 14 1s peeled off.

As shown 1 FIG. 15, if the foreign particle 16 peels off,
for example, 1n a resist developing step or a cleaning step
before the etching step, an unintentional portion not covered
by the resist 15 appears 1n the gate wiring film. As shown in
FIG. 16, at this portion not covered by the resist 15, the gate
wiring film 2 1s etched away and the disconnection part OP
appears. Even if the foreign particle 16 does not peel, etchant
often enters mnto a boundary face between the gate wiring
f1lm 2 and the resist 15 and also a boundary face between the
gate wiring film and the forelgn particle 16, and thus a
similar disconnection part OP 1s often generated.

Fourthly, configurations of the TFT array substrate
according to the first embodiment of this disclosure which 1s
subjected to connection repair in a case where the discon-
nection part OP 1s generated at the gate wiring film 2 will be
descried.

FIG. 11 1s a top view 1llustrating a TFT array substrate
300a according to the first embodiment of this disclosure.
FIG. 12 1s a top view 1llustrating a TF'T array substrate 300b
according to the first embodiment of this disclosure.

FIG. 11 corresponds to a state where a conductor part 1lc,
which 1s formed by changing the oxide semiconductor film
into conductor, 1s formed at the disconnection part OP of the
gate wiring film 2 in FIG. 9. FIG. 12 corresponds to a state
where the conductor part 11¢, which 1s formed by changing
the oxide semiconductor film into the conductor, 1s formed
at the disconnection part OP of the gate wiring film 2 1n FIG.
10.

FIG. 13 1s a cross-sectional view of the TFT array
substrate 300b according to the first embodiment of this
disclosure. FIG. 13 1s the cross-sectional view taken along
line C-C 1n parallel to a longitudinal direction of the gate
wiring film 2 1n FIG. 12. In FIG. 13, the inorganic film 11
has the conductor part 11c formed by changing the oxide
semiconductor into the conductor, and the conductor part
11c 1s 1n direct contact with both the first gate wiring film 2a
and the second gate wiring film 2b. Since the remaining
configuration of this TFT array substrate 1s the same as that
of the TFT array substrate shown in FIG. 16, descriptions
thereof will be omutted.

Fifthly, a method of manufacturing the TFT array sub-
strate 300b by subjecting the TFT array substrate 200b
according to the first embodiment of this disclosure to the
connection repair will be described. FIG. 17 1s a cross-
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sectional view 1llustrating a part of the manufacturing pro-
cess of the TFT array substrate 300b according to the first
embodiment of this disclosure. FIG. 17 illustrates a process
of irradiating the disconnection part OP with ultraviolet rays
L.

At first, the disconnection part OP 1s detected by a defect
inspection apparatus or the like and the ultraviolet rays L are
irradiated on the disconnection part OP by using an ultra-
violet laser. As shown 1n FIG. 17, the ultraviolet rays L are
irradiated 1 a direction toward the 1norganic film 11 from
the glass substrate 1, that 1s, toward the disconnection part
OP from the rear surface side of the glass substrate 1. The
ultraviolet rays L transmit the glass substrate 1 and are
irradiated on the 1insulation film 10 and the 1insulator part 11a
of the morganic film 11.

FIG. 18 1s a top view illustrating the TFT array substrate
200b according to the first embodiment of this disclosure.
FIG. 18 1llustrates a range 30 on which the ultraviolet rays
L are irradiated, at a time of manufacturing the TFT array
substrate 300b by subjecting the TFT array substrate 200b
according to the first embodiment of this disclosure to the
connection repair. The range 30 on which the ultraviolet rays
L. are wrradiated 1s, for example, a range surrounding the
disconnection part OP as shown in FIG. 18.

When the ultraviolet rays L are imrradiated on a portion
where the insulator part 11a, which 1s formed by changing
the oxide semiconductor film into the insulator, 1s 1n direct
contact with the insulation film 10 made of the silicon oxide
(S10,) film, electronic carriers of the oxide semiconductor
film are effectively excited, and thus a specific resistance
value of the oxide semiconductor film reduces. Therefore,
the msulator part 11a 1s changed 1nto the conductor, whereby
the conductor part 11c 1s formed. Since the conductor part
11c formed by changing the oxide semiconductor into the
conductor 1s 1n direct contact with both the first gate wiring
film 2a and the second gate wiring film 2b, the first gate
wiring film 2a and the second gate wiring film 2b are
clectrically conducted to each other via the oxide semicon-
ductor film that i1s changed into the conductor. As the
connection repair 1s performed in this manner, the oxide
semiconductor film that 1s changed into the conductor
directly fits to the first gate wiring film 2a and the second
gate wiring film 2b. Thus, conduction failure can be reduced
as compared with the conventional state (see FIGS. 12 and
13). The conductor means that a specific resistance thereof
is 1x107* Q-cm or less. More preferably, the conductor has
the specific resistance of 1x107° Q-cm or less.

By performing the connection repair in this manner, the
TFT array substrate 300b shown in FIGS. 12 and 13 is
obtained. Thereafter, the gate insulation film 13, the a-Si
layer 4, the source wiring film 5, the source electrode 6, the
drain electrode 7, the interlayer insulation film 14, the
contact hole 8 and the pixel electrode 9 are formed, and thus
the TFT array substrate 300a shown in FIG. 11 1s obtained.

FIG. 19 1s a cross-sectional view 1illustrating a liquid
crystal display device 400 according to the first embodiment
of this disclosure. After forming an oriented film, etc., as
shown 1n FIG. 19, a CF substrate 22 1s laminated on the TFT
array substrate 300a via a seal member 21, and liquid crystal
20 1s filled 1n a region surrounded by the TFT array substrate
300a, the CF substrate 22 and the seal member 21, whereby
the liquid crystal display device 400 as the display device 1s
formed.

The TFT array substrate and the liqud crystal display
device according to the first embodiment of this disclosure
includes: the isulation glass substrate 1; the isulation film
10 formed on the glass substrate 1 and 1s primarily made of
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silicon oxide; the mnorganic film 11 formed to be in direct
contact with the msulation film 10 and having the 1nsulator
part 11a which 1s formed by changing the oxide semicon-
ductor into the insulator; and the gate wiring film 2 formed
to be 1n direct contact with the isulator part 11a. Therelfore,
even 1 disconnection occurs 1n the gate wiring film 2, the
conduction failure occurring at the time of performing the
connection repair can be reduced.

The TFT array substrate and the liquid crystal display
device according to the first embodiment of this disclosure
includes the msulator part 11a formed on the msulation film
10a to be 1n direct contact with the isulation film 10 and the
gate wiring f1lm 2 formed on the insulator part 11a to be 1n
direct contact with the insulator part 11a. Therefore, even 1f
disconnection occurs in the gate wiring film 2, the conduc-
tion failure occurring at the time of performing the connec-
tion repair can be reduced.

In the TFT array substrate and the liquid crystal display
device according to the first embodiment of this disclosure,
the gate wiring film 2 1ncludes the first gate wiring film 2a
and the second gate wiring film 2b being not 1n direct contact
with the first gate wiring film 2a. Further, the inorganic film
11 has the conductor part 11¢ formed by changing the oxide
semiconductor mto the conductor, and the conductor part
11c 1s 1 direct contact with both the first gate wiring film 2a
and the second gate wiring film 2b. Therefore, the conduc-
tion failure occurring at the time of performing the connec-
tion repair can be reduced.

The manufacturing method of the TFT array substrate and
the manufacturing method of the liquid crystal display
device according to the first embodiment of this disclosure
includes: the step of forming the msulation film 10 primarily
made of silicon oxide on the msulation glass substrate 1; the
step of forming, to be 1n direct contact with the insulation
film 10, the morganic film 11 having the insulator part 11a
which 1s formed by changing the oxide semiconductor into
the insulator; and the step of forming the gate wiring film 2
to be 1n direct contact with the inorganic film 11. Therefore,
even 1 disconnection occurs 1n the gate wiring film 2, the
conduction failure occurring at the time of performing the
connection repair can be reduced.

The manufacturing method of the TFT array substrate and
the manufacturing method of the liqmd crystal display
device according to the first embodiment of this disclosure,
the step of forming the mmorganic film 11 1s performed after
the step of forming the isulation film 10, and the step of
forming the gate wiring film 2 1s performed aifter the step of
forming the morganic film 11. Therefore, even 1f disconnec-
tion occurs 1n the gate wiring film 2, the conduction failure
occurring at the time of performing the connection repair
can be reduced.

In the manufacturing method of the TF'T array substrate
and the manufacturing method of the liquid crystal display
device according to the first embodiment of this disclosure,
the step of forming the morganic film 11 includes the step of
forming the oxide semiconductor film, and the step of
forming the 1nsulator part 11a by changing the oxide semi-
conductor {ilm 1nto the insulator after the step of forming the
oxide semiconductor film. Theretore, even i1t disconnection
occurs 1n the gate wirning film 2, the conduction failure
occurring at the time of performing the connection repair
can be reduced.

In the manufacturing method of the TF'T array substrate
and the manufacturing method of the liquid crystal display
device according to the first embodiment of this disclosure,
the step of forming the gate wiring film 2 includes the step
of forming the gate wiring film 2, which includes the first
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gate wiring film 2a and the second gate wiring film 2b being
not 1n direct contact with the first gate wiring film 2a, and
forming the conductor part 11¢ which 1s formed by changing
the oxide semiconductor into the conductor and directly 1n
contact with both the first gate wiring film 2a and the second
gate wiring film 2b. Thus, the conduction failure occurring
at the time of performing the connection repair can be
reduced.

In the manufacturing method of the TFT array substrate
and the manufacturing method of the liquid crystal display
device according to the first embodiment of this disclosure,
the step of forming the conductor part 11c includes the step
of forming the conductor part 11¢ by irradiating both the
insulation film 10 and the mnorganic film 11 with the ultra-
violet rays L. Thus, the conduction failure occurring at the
time of performing the connection repair can be reduced.

Although the first embodiment according to this disclo-
sure employs the oxide semiconductor formed of InGaZnO
as an example of the oxide semiconductor, the oxide semi-
conductor 1s not limited thereto. For example, the oxide

semiconductor film such as InZnO-based, InGaO-based,
InSnO-based, InSnZnO-based, InGaZnSnO-based,
InAlZnO-based, InHf (hatnium) ZnO-based, InZr (zirco-
nium) ZnO-based, InMg (magnesium) ZnO-based or InY
(vttrium) ZnO-based oxide semiconductor film may be used.
Even when such the oxide semiconductor material 1s used,
ellects similar to the case of using the InGaZnO-based oxide
semiconductor film 1n the first embodiment according to this
disclosure can be achieved.

Although the first embodiment according to this disclo-
sure employs the silicon oxide (810,) as an example of the
insulation film 10, in place thereof, an 1nsulation film
primarily made of oxidized metal such as oxidized alumi-
num, oxidized titanium, oxidized zirconium, hathium oxide,
tantalum oxide or tungsten oxide may be used. In this case,
cllects similar to the case of using the silicon oxide 1n the
first embodiment according to this disclosure can be
achieved.

Although the first embodiment according to this disclo-
sure employs the ultraviolet laser 1n the step of 1rradiating
with the ultraviolet rays L, 1n place thereotf, an ultraviolet
lamp such as a low-pressure mercury lamp, a high-pressure
mercury lamp or an ultrahigh-pressure mercury lamp or an
ultraviolet LED may be used. In this case, effects similar to
the eflfects of the first embodiment according to this disclo-
sure can be achieved. For example, the ultraviolet lamp or
the ultraviolet LED 1s only required to emit the ultraviolet
rays ol 480 nm or less.

The first embodiment according to this disclosure illus-
trates the case that, in the step of iwrradiating with the
ultraviolet rays L shown 1n FIG. 12, the ultraviolet rays L are
irradiated 1n the direction toward the mnorganic film 11 from
the glass substrate 1, that 1s, toward the disconnection part
OP from the rear surface side of the glass substrate 1. In
contrast, the ultraviolet rays may be 1rradiated 1n a direction
toward the glass substrate 1 from the morganic film 11, that
1s, toward the disconnection part OP from the upper surface
side of the glass substrate 1. In this case, eflects similar to
the eflfects of the first embodiment according to this disclo-
sure can be achieved.

The first embodiment according to this disclosure illus-
trates the case that the N,O plasma process P 1s performed
in the step of forming the msulator part 11a by changing the
oxide semiconductor film into the insulator. However, this
disclosure 1s not limited thereto but another process may be
performed so long as at least gas containing N,O 1s used. In
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this case, eflects similar to the eflects of the first embodiment
according to this disclosure can be achieved.

Although the first embodiment according to this disclo-
sure employs the glass substrate 1 as an example of the
insulation substrate, in place thereol, a resin substrate
formed of plastics or the like may be used. In this case,
ellects similar to the effects of the first embodiment accord-
ing to this disclosure can be achieved. In particular, material
having a high transmissivity 1n a wavelength range of the
ultraviolet rays 1s more preferable because such the material
can change the 1nsulator part 11a made of the oxide semi-
conductor 1nto the conductor with a high efliciency when the
ultraviolet rays L are irradiated.

Although the first embodiment according to this disclo-
sure 1llustrates the case where the disconnection occurs at
the gate wiring film 2 as the wiring film, effects similar to the
cllects of the first embodiment according to this disclosure
can also be achieved 1n a case where the disconnection
occurs at the gate terminal, the gate electrode 3 or the gate
terminal wiring. Further, eflects similar to the effects of the
first embodiment according to this disclosure can be
achieved also 1n a case where the disconnection occurs at the
source wiring {ilm 5, the source terminal, the source terminal
wiring, the source electrode 6 or the drain electrode 7, or in
a case where the disconnection occurs at an upper electrode
or a lower electrode of an in-plane switching type or an FFS
(Fringe Field Switching) type liquid crystal display device
as a liquid crystal display device of a transverse electric filed
type, for example.

The first embodiment according to this disclosure 1llus-
trates the case of applying the invention to the liquid crystal
device of transmissive structure. However, eflects similar to
the eflects of the first embodiment according to this disclo-
sure can also be achieved 1n a case of applying the invention
to a display device such as a reflection type, a semi-
transmissive type or a field sequential type, or 1n a case of
applying the mvention to a display device such as a poly-
silicon TFT type or a low-temperature polysilicon TF'T type.

Although the first embodiment according to this disclo-
sure 1llustrates the case of applying the mmvention to the
liquid crystal device, eflects similar to the effects of the first
embodiment according to this disclosure can also be
achieved 1n a case of applying the invention to an electronic
device having electric wirings such as a touch panel or an
X-ray photodetector.

Second Embodiment

A TFT array substrate according to the second embodi-
ment of this disclosure differs from the first embodiment
according to this disclosure 1 an order of laminating the
insulation film 10, the gate wiring {ilm 2 and the mnorganic
film 11.

Configuration of a TFT array substrate 101b according to
the second embodiment of this disclosure will be described.
FIG. 20 1s a cross-sectional view of the TFT array substrate
101b according to the second embodiment of this disclosure.
In FIG. 20, portions 1dentical or corresponding to those of
FIG. 3 are referred to by the common symbols, and descrip-
tions thereotf will be omatted.

In FIG. 20, the mnorganic film 11 made of the insulator part
11a, which 1s formed by changing the oxide semiconductor
into the insulator, 1s formed on the glass substrate 1 as the
translucent insulation substrate. The gate wiring film 2 1s
formed on the msulator part 11a to be in direct contact with
the insulator part 11a which 1s obtained by changing the
oxide semiconductor into the insulator. The insulation film
10 1s formed on the gate wiring film 2 to be 1n direct contact
with the gate wiring film 2.
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Thereafter, the gate insulation film 13, the a-S1 layer 4, the
source wiring film 5, the source electrode 6, the drain
clectrode 7, the mterlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus the TFT
array substrate 100a according to the second embodiment of
this disclosure 1s obtained.

Next, a manufacturing method of the TFT array substrate
101b according to the second embodiment of this disclosure
will be described. At first, the morgamic film 11 having the
insulator part 11a, which 1s formed by changing the oxide
semiconductor into the insulator, 1s formed on the glass
substrate 1. After forming the inorganic film 11, the gate
wiring film 2 1s formed to be in direct contact with the
inorganic {ilm 11. After forming the gate wiring film 2, the
insulation film 10 primarily made of silicon oxide 1s formed
on the gate wiring film 2 to be in direct contact with.

Explanation will be made as to the configuration of the
TFT array substrate according to the second embodiment of
this disclosure 1n a case where the gate wiring film 2 has a
disconnection part OP. FIG. 25 1s a cross-sectional view
illustrating a TF'T array substrate 201b according to the
second embodiment of this disclosure. In the configuration
of the TFT array substrate according to the second embodi-
ment of this disclosure 1n the case of having the disconnec-
tion part OP, as shown 1 FIG. 25, the gate wiring film 2 1s
separated 1n the longitudinal direction mm a manner of
interposing the disconnection part OP. Thus, the first gate
wiring film 2a and the second gate wiring film 2b being not
in direct contact with the first gate wiring film 2a are formed.
Since the remaiming configuration of this TFT array sub-
strate 1s the same as that in the case where the disconnection
part OP 1s not formed as shown i FIG. 20, descriptions
thereof will be omutted.

Explanation will be made as to an example of mechanism
that the disconnection part OP occurs at the wiring, 1n the
second embodiment according to this disclosure.

FIGS. 22 to 24 are cross-sectional views illustrating parts
of manufacturing process of the TF'T array substrate 201b
according to the second embodiment of this disclosure. FIG.
22 illustrates a case where foreign particle 16 1s incorporated
into the resist 15 1n the photoengraving process. FIG. 23 1s
the cross-sectional view 1llustrating a state where the foreign
particle 16 of FIG. 22 peels.

As shown 1n FIG. 23, 1t the foreign particle 16 peels ofl,
an unintentional portion not covered by the resist 15 appears
in the gate wiring film. As shown in FIG. 24, at this portion
not covered by the resist 15, the gate wiring film 2 1s etched
away 1n the etching step and the disconnection part OP
appears.

Next, explanation will be made as to configuration of the
TFT array substrate according to the second embodiment of
this disclosure which 1s subjected to connection repair 1n a
case where the disconnection part OP 1s generated at the gate
wiring film 2.

FIG. 21 1s a cross-sectional view illustrating a TFT array
substrate 301b according to the second embodiment of this
disclosure. FIG. 25 1llustrates a state where the conductor
part 11c, which 1s formed by changing the oxide semicon-
ductor film 1nto the conductor, 1s formed at the disconnection
part OP of the gate wiring film 2 1n FIG. 25.

In addition to the configuration explained with reference
to FIG. 25, as shown in FIG. 21, the inorganic film 11 has
the conductor part 11¢ formed by changing the oxide semi-
conductor 1nto the conductor, and the conductor part 11c 1s
in direct contact with both the first gate wiring film 2a and
the second gate wiring film 2b. Since the remaining con-
figuration of this TFT array substrate 1s the same as that of
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the TFT array substrate in the state before forming the
conductor part 11¢, which 1s obtained by changing the oxide
semiconductor film into the conductor, shown 1n FIG. 25,
descriptions thereof will be omitted.

Next, method of manufacturing the TFT array substrate
301b by subjecting the TFT array substrate 201b according
to the second embodiment of this disclosure to the connec-
tion repair will be described. FIG. 26 1s a cross-sectional
view 1llustrating a part of the manufacturing process of the
TFT array substrate 301b according to the second embodi-
ment of this disclosure. FIG. 26 illustrates the step of
irradiating the disconnection part OP with ultraviolet rays L.

The ultraviolet rays L are 1irradiated on the disconnection
part OP, by using the ultraviolet laser. As shown 1n FIG, 26,
the ultraviolet rays L are irradiated 1n a direction toward the
inorganic film 11 from the glass substrate 1, that 1s, toward
the disconnection part OP from the rear surface side of the
glass substrate 1. The ultraviolet rays L transmit the glass
substrate 1 and are 1rradiated on the insulation film 10 and
the 1nsulator part 11a of the inorganic film 11.

When the ultraviolet rays L are irradiated on a portion
where the msulator part 11a, which 1s formed by changing
the oxide semiconductor film into the insulator, 1s in direct
contact with the mnsulation film 10 made of the silicon oxide
(510,) film, electronic carriers of the oxide semiconductor
film are eflectively excited, and thus a specific resistance
value of the oxide semiconductor film reduces. Thus, the
insulator part 11a 1s changed into the conductor, whereby the
conductor part 11¢ 1s formed. Since the conductor part 11c¢
formed by changing the oxide semiconductor into the con-
ductor 1s 1n direct contact with both the first gate wiring film
2a and the second gate wiring film 2b, the first gate wiring
film 2a and the second gate wiring film 2b are electrically
conducted to each other via the oxide semiconductor film
that 1s changed into the conductor. As the connection repair
1s performed in this manner, the oxide semiconductor film
that 1s changed 1nto the conductor directly fits to the first gate
wiring film 2a and the second gate wiring film 2b. Thus,
conduction failure can be reduced as compared with the
conventional art (see FIG. 21).

By performing the connection repair 1n this manner, the
TFT array substrate 301b shown in FIG. 21 1s obtained.
Thereaftter, the gate insulation film 13, the a-S1 layer 4, the
source wiring film 3, the source electrode 6, the drain
clectrode 7, the mterlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus the TEFT
array substrate 301a 1s obtained.

After forming the oriented film, etc., the CF substrate 22
1s laminated on the TFT array substrate 301a via the seal
member 21, and the liquid crystal 20 i1s filled in a region
surrounded by the TFT array substrate 301a, the CF sub-
strate 22 and the seal member 21, whereby a liquid crystal
display device 500 as the display device i1s formed.

The TFT array substrate and the liquid crystal display
device according to the second embodiment of this disclo-
sure includes: the msulation glass substrate 1; the inorganic
film 11 formed on the insulation glass substrate 1 and having
the msulator part 11a which 1s formed by changing the oxide
semiconductor ito the insulator; the gate wiring film 2
formed to be 1n direct contact with the insulator part 11a; and
the mnsulation film 10 formed to be 1n direct contact with the
gate wiring {ilm 2 and 1s primarily made of one of silicon
oxide and oxidized metal. Therefore, even 1t disconnection
occurs 1n the gate wining film 2, the conduction failure
occurring at the time of performing the connection repair
can be reduced.
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The TFT array substrate and the liquid crystal display
device according to the second embodiment of this disclo-
sure includes the gate wiring film 2 formed on the 1nsulator
part 11a to be 1n direct contact with the insulator part 11a and
the msulation film 10 formed on the gate wiring film 2 to be
in direct contact with the gate wiring film 2. Therefore, even
if disconnection occurs 1 the gate wiring film 2, the
conduction failure occurring at the time of performing the
connection repair can be reduced.

The manufacturing method of the TF'T array substrate and
the manufacturing method of the liquid crystal display
device according to the second embodiment of this disclo-
sure includes: the step of forming, on the nsulation glass
substrate 1, the inorganic film 11 having the msulator part
11a which 1s formed by changing the oxide semiconductor
into the 1nsulator; the step of forming the gate wiring film 2
to be 1n direct contact with the mnsulator part 11a; and the
step of forming, on the gate wiring film 2 to be in direct
contact, the insulation film 10 primarily made of one of
silicon oxide and oxidized metal. Therefore, even 1f discon-
nection occurs in the gate wiring film 2, the conduction
tailure occurring at the time of performing the connection
repair can be reduced.

In the manufacturing method of the TFT array substrate
and the manufacturing method of the liquid crystal display
device according to the second embodiment of this disclo-
sure, the step of forming the gate wiring film 2 1s performed
after the step of forming the iorganic film 11, and the step
of forming the insulation film 10 1s performed after the step
of forming the gate wiring film 2. Therefore, even 11 dis-
connection occurs 1n the gate wiring film 2, the conduction
tailure occurring at the time of performing the connection
repair can be reduced.

Third Embodiment

A TF'T array substrate according to the third embodiment
of this disclosure differs from the first embodiment accord-
ing to this disclosure in an order of laminating the msulation
film 10, the gate wiring film 2 and the morganic film 11.

Configuration of a TF'T array substrate 102b according to
the third embodiment of this disclosure will be described.
FIG. 27 1s a cross-sectional view of the TFT array substrate
102b according to the third embodiment of this disclosure.
In FIG. 27, portions 1dentical or corresponding to those of
FIG. 3 are referred to by the common symbols, and descrip-
tions thereof will be omatted.

In FIG. 27, the gate wiring film 2 1s formed on the glass
substrate 1 as the translucent insulation substrate. The inor-
ganic film 11 made of the insulator part 11a, which 1s formed
by changing the oxide semiconductor into the insulator, 1s
tformed on the gate wiring {ilm 2 to be 1n direct contact with
the gate wiring film 2. The msulation film 10 1s formed on
the insulator part 11a to be in direct contact with the
insulator part 11a which 1s obtained by changing the oxide
semiconductor ito the insulator.

Thereafter, the gate insulation film 13, the a-S1 layer 4, the
source wiring film 5, the source electrode 6, the drain
clectrode 7, the interlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus a TFT array
substrate 102a according to the third embodiment of this
disclosure 1s obtained.

Next, a manufacturing method of the TEFT array substrate
102b according to the third embodiment of this disclosure
will be described. At first, the gate wiring film 2 1s formed
on the glass substrate 1. After forming the gate wiring film
2, the morganic film 11 having the insulator part 11a, which
1s formed by changing the oxide semiconductor into the
insulator, 1s formed to be 1n direct contact with the gate
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wiring film 2. After forming the inorganic film 11, the
insulation film 10 primarily made of silicon oxide 1s formed
to be in direct contact with the 1norganic film 11.

Explanation will be made as to the configuration of the
TFT array substrate according to the third embodiment of
this disclosure 1n a case where the gate wiring film 2 has a
disconnection part OP. FIG. 33 1s a cross-sectional view
illustrating a TF'T array substrate 202b according to the third
embodiment of this disclosure. In the configuration of the
TFT array substrate according to the third embodiment of
this disclosure 1n the case of having the disconnection part
OP, as shown 1 FIG. 33, the gate wiring film 2 1s separated
in the longitudinal direction 1n a manner of interposing the
disconnection part OP. Thus, the first gate wiring film 2a and
the second gate wiring film 2b being not 1n direct contact
with the first gate wiring film 2a are formed. Since the
remaining configuration of this TFT array substrate 1s the
same as that in the case where the disconnection part OP 1s
not formed as shown 1n FIG. 27, descriptions thereof will be
omitted.

Explanation will be made as to an example of mechanism
that the disconnection part OP occurs at the wiring, 1n the
third embodiment according to this disclosure.

FIGS. 29 to 32 are cross-sectional views 1llustrating parts
of manufacturing process of the TFT array substrate 202b
according to the third embodiment of this disclosure. FIG.
29 illustrates a case where foreign particle 16 1s incorporated
into the resist 15 1n the photoengraving process. FIG. 30 1s
the cross-sectional view illustrating a state where the foreign
particle 16 of FIG. 29 peels.

As shown 1 FIG. 30, if the foreign particle 16 peels off,
an unintentional portion not covered by the resist 15 appears
in the gate wiring film. As shown in FIG. 31, at this portion
not covered by the resist 15, the gate wiring film 2 1s etched
away 1n the etching step and the disconnection part OP
appears. Thereatter, as shown in FIG. 32, the inorganic film
11 having the 1nsulator part 11a, which 1s formed by chang-
ing the oxide semiconductor into the msulator, 1s formed to
be 1n direct contact with the gate wiring film 2.

Next, configuration of the TFT array substrate according
to the third embodiment of this disclosure which 1s subjected
to connection repair in a case where the disconnection part
OP 1s generated at the gate wiring film 2 will be described.

FIG. 28 1s a cross-sectional view 1llustrating a TFT array

substrate 302b according to the third embodiment of this
disclosure. FIG. 28 1llustrates a state where the conductor
part 11c, which 1s formed by changing the oxide semicon-
ductor film 1nto the conductor, 1s formed at the disconnection
part OP of the gate wiring film 2 1n FIG. 33.

In addition to the configuration explained with reference
to FIG. 33, as shown in FIG. 28, the inorganic film 11 has
the conductor part 11c¢ formed by changing the oxide semi-
conductor into the conductor, and the conductor part 11c 1s
in direct contact with both the first gate wiring film 2a and
the second gate wiring film 2b. Since the remaining con-
figuration of this TF'T array substrate 1s the same as that of
the TFT array substrate in the state before forming the
conductor part 11¢, which 1s obtained by changing the oxide
semiconductor film into the conductor, shown 1n FIG. 33,
descriptions thereol will be omitted.

Next, a method of manufacturing the TF'T array substrate
302b by subjecting the TFT array substrate 202b according
to the third embodiment of this disclosure to the connection
repair will be described. FIG. 34 1s a cross-sectional view
illustrating a part of the manufacturing process of the TFT
array substrate 302b according to the third embodiment of
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this disclosure. FIG. 34 illustrates the step of irradiating the
disconnection part OP with ultraviolet rays L.

The ultraviolet rays L are 1rradiated on the disconnection
part OP, by using the ultraviolet laser. As shown 1n FIG. 34,
the ultraviolet rays L are 1rradiated 1n a direction toward the
inorganic film 11 from the glass substrate 1, that 1s, toward
the disconnection part OP from the rear surface side of the
glass substrate 1. The ultraviolet rays L transmit the glass
substrate 1 and are 1rradiated on the msulation film 10 and
the 1nsulator part 11a of the mmorganic film 11.

When the ultraviolet rays L are imrradiated on a portion
where the msulator part 11a, which 1s formed by changing,
the oxide semiconductor film into the insulator, 1s in direct
contact with the insulation film 10 made of the silicon oxide
(S10,) film, electronic carriers of the oxide semiconductor
film are eflectively excited, and thus a specific resistance
value of the oxide semiconductor film reduces. Thus, the
insulator part 11a 1s changed into the conductor, whereby the
conductor part 11¢ 1s formed. Since the conductor part 11¢
formed by changing the oxide semiconductor nto the con-
ductor 1s 1n direct contact with both the first gate wiring film
2a and the second gate wiring film 2b, the first gate wiring
film 2a and the second gate wiring film 2b are electrically
conducted to each other via the oxide semiconductor film
that 1s changed into the conductor. As the connection repair
1s performed 1n this manner, the oxide semiconductor film
that 1s changed into the conductor directly fits to the first gate
wiring fi1lm 2a and the second gate wiring film 2b. Thus,
conduction failure can be reduced as compared with the
conventional art (see FIG. 28).

By performing the connection repair in this manner, the
TFT array substrate 302b shown in FIG. 28 1s obtained.
Thereatter, the gate msulation film 13, the a-S1 layer 4, the
source wiring film 35, the source electrode 6, the drain
clectrode 7, the mterlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus the TFT
array substrate 302a 1s obtained.

After forming the oriented film, etc., the CF substrate 22
1s laminated on the TFT array substrate 302a via the seal
member 21, and the liquid crystal 20 1s filled 1n a region
surrounded by the TFT array substrate 302a, the CF sub-
strate 22 and the seal member 21, whereby a liqud crystal
display device 600 as the display device i1s formed.

The TFT array substrate and the liquid crystal display
device according to the third embodiment of this disclosure
includes the msulator part 11a formed on the gate wiring film
2 to be 1 direct contact with the gate wiring film 2, and the
insulation film 10 formed on the nsulator part 11a to be 1n
direct contact with the insulator part 11a. Therefore, even 1f
disconnection occurs 1n the gate wiring {ilm 2, the conduc-
tion failure occurring at the time of performing the connec-
tion repair can be reduced.

In the manufacturing method of the TFT array substrate
and the manufacturing method of the liqud crystal display
device according to the third embodiment of this disclosure,
the step of forming the 1norganic film 11 1s performed after
the step of forming the gate wiring film 2, and the step of
forming the 1nsulation film 10 1s performed after the step of
forming the morganic film 11. Therefore, even 1f disconnec-
tion occurs 1n the gate wiring film 2, the conduction failure
occurring at the time of performing the connection repair
can be reduced.

Fourth Embodiment

ATFT array substrate according to the fourth embodiment
of this disclosure differs from the first embodiment accord-
ing to this disclosure in an order of laminating the insulation
film 10, the gate wiring film 2 and the morganic film 11.
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Configuration of a TF'T array substrate 103b according to

the fifth embodiment of this disclosure will be described.

FIG. 35 1s a cross-sectional view of the TF'T array substrate
103b according to the fourth embodiment of this disclosure.
In FIG. 35, portions 1dentical or corresponding to those of
FIG. 3 are referred to by the common symbols, and descrip-

tions thereof will be omitted.

In FIG. 35, the insulation film 10 1s formed on the glass
substrate 1 as the translucent nsulation substrate. The gate
wiring film 2 1s formed on the mnsulation film 10 to be 1n
direct contact with the insulation film 10. The 1norganic film
11 made of the insulator part 11a, which 1s formed by
changing the oxide semiconductor into the insulator, is
formed on the gate wiring film 2, to be 1n direct contact with
the gate wiring film 2.

Thereatter, the gate insulation film 13, the a-S1 layer 4, the
source wiring film 35, the source electrode 6, the drain
clectrode 7, the mterlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus a TFT array
substrate 103a according to the fourth embodiment of this
disclosure 1s obtained.

Next, a manufacturing method of the TF'T array substrate
103b according to the fourth embodiment of this disclosure
will be described. At first, the msulation film 10 primarily
made of silicon oxide 1s formed on the glass substrate 1.
After forming the insulation film 10, the gate wiring film 2
1s formed to be 1n direct contact with the 1nsulation film 10.
After forming the gate wiring film 2, the inorganic film 11
having the insulator part 11a, which 1s formed by changing
the oxide semiconductor 1nto the insulator, 1s formed to be
in direct contact with the gate wiring film 2.

The configuration of the TF'T array substrate according to
the fourth embodiment of this disclosure in a case where the
gate wiring film 2 has a disconnection part OP will be
described. FIG. 40 1s a cross-sectional view illustrating a
TFT array substrate 203b according to the fourth embodi-
ment of this disclosure. In the configuration of the TFT array
substrate according to the fourth embodiment of this disclo-
sure 1 the case of having the disconnection part OP, as
shown 1n FIG. 40, the gate wiring film 2 1s separated 1n the
longitudinal direction 1n a manner of interposing the dis-
connection part OP. Thus, the first gate wiring film 2a and
the second gate wiring film 2b being not 1n direct contact
with the first gate wiring film 2a are formed. Since the
remaining configuration of this TFT array substrate 1s the
same as that in the case where the disconnection part OP 1s
not formed as shown 1n FIG. 35, descriptions thereof will be
omitted.

Explanation will be made as to an example of mechanism
that the disconnection part OP occurs at the wiring, 1n the
fourth embodiment according to this disclosure.

FIGS. 37 to 39 are cross-sectional views 1llustrating parts
of manufacturing process of the TEFT array substrate 203b
according to the fourth embodiment of this disclosure. FIG.
377 illustrates a case where foreign particle 16 1s incorporated
into the resist 15 1n the photoengraving process. FIG. 38 1s
the cross-sectional view 1llustrating a state where the foreign
particle 16 of FIG. 37 peels.

As shown 1 FIG. 38, if the foreign particle 16 peels off,
an unintentional portion not covered by the resist 15 appears
in the gate wiring film. As shown in FIG. 39, at this portion
not covered by the resist 15, the gate wiring film 2 1s etched
away 1n the etching step and the disconnection part OP
appears.

Next, the configuration of the TFT array substrate accord-
ing to the fourth embodiment of this disclosure which 1s
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subjected to connection repair in a case where the discon-
nection part OP 1s generated at the gate wiring film 2 will be
described.

FIG. 36 1s a cross-sectional view illustrating a TFT array

substrate 303b according to the fourth embodiment of this
disclosure. FIG. 36 1llustrates a state where the conductor
part 11c, which 1s formed by changing the oxide semicon-
ductor film 1nto the conductor, 1s formed at the disconnection
part OP of the gate wiring film 2 1n FIG. 40.
In addition to the configuration explained with reference
to FIG. 40, as shown in FIG. 36, the inorganic film 11 has
the conductor part 11¢ formed by changing the oxide semi-
conductor into the conductor, and the conductor part 11c 1s
in direct contact with both the first gate wiring film 2a and
the second gate wiring film 2b. Since the remaining con-
figuration of this TFT array substrate 1s the same as that of
the TF'T array substrate 1in the state before forming the
conductor part 11¢, which 1s obtained by changing the oxide
semiconductor film into the conductor, shown in FIG. 40,
descriptions thereol will be omutted.

Next, a method of manufacturing the TF'T array substrate
303b by subjecting the TFT array substrate 203b according
to the fourth embodiment of this disclosure to the connection
repair will be described. FIG. 41 1s a cross-sectional view
illustrating a part of the manufacturing process of the TFT
array substrate 303b according to the fourth embodiment of
this disclosure. FIG. 41 illustrates the step of irradiating the
disconnection part OP with ultraviolet rays L.

The ultraviolet rays L are 1rradiated on the disconnection
part OP, by using the ultraviolet laser. As shown 1n FIG. 41,
the ultraviolet rays L are 1rradiated 1n a direction toward the
inorganic film 11 from the glass substrate 1, that 1s, toward
the disconnection part OP from the rear surface side of the
glass substrate 1. The ultraviolet rays L transmit the glass
substrate 1 and are 1rradiated on the nsulation film 10 and
the 1nsulator part 11a of the mmorganic film 11.

When the ultraviolet rays L are irradiated on a portion
where the msulator part 11a, which 1s formed by changing
the oxide semiconductor film into the insulator, 1s in direct
contact with the insulation film 10 made of the silicon oxide
(S10,) film, electronic carriers of the oxide semiconductor
film are eflectively excited, and thus a specific resistance
value of the oxide semiconductor film reduces. Thus, the
insulator part 11a 1s changed into the conductor, whereby the
conductor part 11c 1s formed. As the conductor part 11c
formed by changing the oxide semiconductor into the con-
ductor 1s 1n direct contact with both the first gate wiring film
2a and the second gate wiring film 2b, the first gate wiring
film 2a and the second gate wiring film 2b are electrically
conducted to each other via the oxide semiconductor film
that 1s changed into the conductor. As the connection repair
1s performed in this manner, the oxide semiconductor film
that 1s changed 1nto the conductor directly fits to the first gate
wiring film 2a and the second gate wiring film 2b. Thus,
conduction failure can be reduced as compared with the
conventional art (see FIG. 36).

By performing the connection repair in this manner, the
TFT array substrate 303b shown in FIG. 36 1s obtained.
Thereatter, the gate msulation film 13, the a-S1 layer 4, the
source wiring film 35, the source electrode 6, the drain
clectrode 7, the mterlayer insulation film 14, the contact hole
8 and the pixel electrode 9 are formed, and thus the TFT
array substrate 303a 1s obtained.

After forming the oriented film, etc., the CF substrate 22
1s stacked on the TFT array substrate 302a via the seal
member 21, and the liquid crystal 20 i1s filled 1n a region
surrounded by the TFT array substrate 303a, the CF sub-

5

10

15

20

25

30

35

40

45

50

55

60

65

20

strate 22 and the seal member 21, whereby a liqud crystal
display device 700 as the display device i1s formed.

The TF'T array substrate and the liquid crystal 20 display
device according to the fourth embodiment of this disclosure
includes the gate wiring {ilm 2 formed on the insulation film
10 to be 1n direct contact with the insulation film 10 and the
insulator part 11a formed on the gate wiring {ilm 2 to be 1n
direct contact with the gate wiring film 2. Therefore, even 1f
disconnection occurs 1n the gate wiring film 2, the conduc-
tion failure occurring at the time of performing the connec-
tion repair can be reduced.

In the manufacturing method of the TF'T array substrate
and the manufacturing method of the liqud crystal 20
display device according to the fourth embodiment of this
disclosure, the step of forming the gate wiring film 2 1s
performed after the step of forming the nsulation film 10,
and the step of forming the inorganic film 11 1s performed
alter the step of forming the gate wiring film 2. Therefore,
even 1 disconnection occurs 1n the gate wiring film 2, the
conduction failure occurring at the time of performing the
connection repair can be reduced.

Fiith Embodiment

A TFT array substrate according to the fifth embodiment
of this disclosure differs from the first embodiment accord-
ing to this disclosure 1n that, 1n a planar view, the msulation
film 10 contains the gate wiring film 2 i1n a transversal
direction of the gate wiring film 2.

Firstly, explanation will be made as to configurations of a
TFT array substrate 204b according to the fifth embodiment
of this disclosure. FIG. 45 15 a top view 1illustrating the TFT
array substrate 204b according to the fifth embodiment of
this disclosure. In FI1G. 45, portions 1dentical or correspond-
ing to those of FIG. 10 are referred to by the common
symbols, and descriptions thereof will be omitted.

FIG. 42 1s a cross-sectional view of the TFT array
substrate 204b according to the fifth embodiment of this
disclosure. FIG. 42 i1s the cross-sectional view taken along
line D-D 1n the transversal direction of the gate wiring film
2 1n the TFT array substrate 204b of FIG. 45.

In FIG. 42, the msulation film 10 1s patterned on the glass
substrate 1. As shown 1n FIGS. 42 and 43, 1n a planar view,
the 1nsulation film 10 contains the gate wiring film 2 in the
transversal direction of the gate wiring film 2. Specifically
the insulation film 1s larger than the gate wiring film by
about 1 um in the transversal direction of the gate wiring
{1lm 2.

Secondly, a manufacturing method of the TFT array
substrate 204b according to the fifth embodiment of this
disclosure will be described. At first, an S10,, film 1s formed
on the entire surface of the glass substrate 1 to have a
thickness of about 50 nm by using the CVD device, whereby
the 1sulation film 10 1s formed

Thereatter, a photoengraving process for forming a resist
pattern 1s performed on the isulation film 10 so that, in a
planar view, the resist pattern contains an expected region of
the gate wiring film 2 to be formed, in the transversal
direction of the expected region of the gate wiring film 2 to
be formed. Thereafter, a dry etching process for removing
the insulation film 10 not covered by the resist 15 1s
performed.

Succeeding steps are the same as those of the manufac-
turing method of the TFT array substrate according to the
first embodiment of this disclosure, descriptions thereof will
be omitted.

Thirdly, explanation will be made as to configuration of
the TFT array substrate according to the fifth embodiment of
this disclosure which 1s subjected to connection repair. FIG.




US RE49,718 E

21

46 1s a top view 1illustrating a TFT array substrate 304b
according to the fifth embodiment of this disclosure. In FIG.
46, portions 1dentical or corresponding to those of FIG. 12
are referred to by the common symbols, and descriptions
thereol will be omitted. FIG. 43 1s a cross-sectional view of

the TF'T array substrate 304b according to the fifth embodi-
ment of this disclosure. FIG. 43 1s the cross-sectional view
taken along line E-E 1n the transversal direction of the gate

wiring film 2 1n the TFT array substrate 304b of FIG. 46.

In FI1G. 43, the inorganic film 11, which has the insulator
part 11a formed by changing the oxide semiconductor into
the 1insulator and the conductor part 11¢ formed of the oxide
semiconductor, 1s formed on the insulation film 10 to be 1n
direct contact with the insulation film 10. Further, the gate
wiring film 2 1s formed on the inorganic film 11 to be in
direct contact with the 1norganic film 11 having the insulator
part 11a and the conductor part 11c.

In addition to the configuration of the TFT array substrate
204b, as shown in FIG. 43, the inorganic film 11 has the
conductor part 11c¢ formed by changing the oxide semicon-
ductor into the conductor, and the conductor part 11c 1s 1n
direct contact with the gate wiring film 2. Since the remain-
ing configuration of thus TFT array substrate 1s the same as
that of the TFT array substrate in the state before forming the
conductor part 11c, obtained by changing the oxide semi-
conductor film into the conductor, shown in FIG. 42,
descriptions thereol will be omaitted.

Fourthly, a method of manufacturing the TFT array sub-
strate 304b by subjecting the TFT array substrate 204b
according to the fifth embodiment of this disclosure to the
connection repair will be described. FIG. 44 1s a cross-
sectional view 1illustrating a part of the manufacturing pro-
cess of the TFT array substrate according to the fifth
embodiment of this disclosure. FIG. 44 illustrates a process
of wrradiating the TFT array substrate with the ultraviolet
rays L.

In FIGS. 44 and 46, the ultraviolet rays L are 1rradiated on
the entire surface of the glass substrate 1, by using the
ultraviolet laser. As shown 1n FIG. 44, the ultraviolet rays L
are 1rradiated in a direction toward the inorganic film 11
from the glass substrate 1, that 1s, 1rradiated from the rear
surface side of the glass substrate 1. The ultraviolet rays L
are mrradiated on the entire surface of the glass substrate 1
and transmit the glass substrate 1. When the ultraviolet rays
L are 1rradiated 1n this manner, the msulator part 11a only at
a region, where the msulation film 10 formed so as to contain
the gate wiring film 2 contacts the isulator part 11a formed
by changing the oxide semiconductor into the insulator, 1s
changed into the conductor, and thus the conductor part 11¢
1s formed.

Thus, 1n the fifth embodiment according to this disclosure,
it 1s not necessary to detect the disconnection part OP by the
defect inspection apparatus or the like, but 1t 1s merely
required to 1rradiate the ultraviolet rays L on the entire
surface of the glass substrate 1 from the rear surface side of
the glass substrate 1, by using the ultraviolet laser. As a
result, the insulator part 11a at a region of the msulation film
10 containing the gate wiring film 2 1n the transversal
direction of the gate wiring film 2 1 a planar view 1s
changed 1nto the conductor, whereby the conductor part 11¢
1s formed (FIGS. 43, 46).

By performing the connection repair in this manner, the
TFT array substrate 304b shown in FIGS. 43 and 46 is
obtained. Thereafter, the gate insulation film 13, the a-Si
layer 4, the source wiring film 5, the source electrode 6, the
drain electrode 7, the interlayer insulation film 14, the
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contact hole 8 and the pixel electrode 9 are formed, and thus
the TFT array substrate 304a 1s obtained.

After forming the oriented film, etc., the CF substrate 22
1s laminated on the TFT array substrate 304a via the seal
member 21, and the liquid crystal 20 1s filled 1n a region
surrounded by the TFT array substrate 304a, the CF sub-
strate 22 and the seal member 21, whereby a liquid crystal
display device 800 as the display device i1s formed.

In The TFT array substrate and the liquid crystal display
device according to the fifth embodiment of this disclosure,
the insulation film 10 1s configured to contain the gate wiring
film 2 1n the transversal direction of the gate wiring film 2
in the planar view. Thus, the conductor part 11a being 1n
direct contact with the msulation film 10 1s changed into the
conductor and thus the conductor part 11c 1s formed, by
merely rradiating the entire surface of the glass substrate 1
with the ultraviolet rays L without detecting the disconnec-
tion part OP by the defect inspection apparatus or the like.
As the connection repair 1s performed 1n this manner, the
processing can be simplified and the productivity can be
improved advantageously.

According to the manufacturing method of the TFT array
substrate and the manufacturing method of the liquid crystal
display device according to the fifth embodiment of this
disclosure, 1n the step of forming the msulation film 10, the
insulation film 10 1s formed to contain the gate wiring film
2 1n the transversal direction of the gate wiring film 2 1in the
planar view. Thus, the insulator part 11a being i1n direct
contact with the insulation film 10 i1s changed into the
conductor and thus the conductor part 11c 1s formed, by
merely irradiating the ultraviolet rays L on the entire surface
of the glass substrate without detecting the disconnection
part OP by the defect inspection apparatus or the like. As the
connection repair 1s performed 1n this manner, the process-
ing can be simplified and the productivity can be improved
advantageously.

In the fifth embodiment according to this disclosure, the
explanation 1s made as to the case where the msulator part
11a contains the gate wiring film 2 1n the transversal

direction of the gate wiring film 2. However, the ellect
similar to that of the fifth embodiment can be obtained also
in a case where the msulator part 11a 1s contained 1n the gate
wiring film 2 in the transversal direction of the gate wiring
film 2, for example.

Si1xth Embodiment

A TF'T array substrate according to the sixth embodiment
of this disclosure diflers from the first embodiment accord-
ing to this disclosure 1 a point of taking a notice of the
source wiring film 5 as an example of the wiring film and
also 1n that the morganic film 11 has the semiconductor part
11b formed of the oxide semiconductor.

Firstly, explanation will be made as to configurations of
TFT array substrates 105a and 105b according to the sixth
embodiment of this disclosure. FIG. 47 1s a top view
illustrating the TF'T array substrate 105a according to the
sixth embodiment of this disclosure.

FIG. 48 15 a top view 1illustrating the TFT array substrate
105b according to the sixth embodiment of this disclosure.
FIG. 48 corresponds to the TFT array substrate 105a of FIG.
47 1 a stage before forming the insulation film 10, the
interlayer isulation film 14, the contact hole 8 and the pixel
clectrode 9. FIG. 49 1s a cross-sectional view illustrating the
TFT array substrate 105b according to the sixth embodiment
of this disclosure. FIG. 49 1s the cross-sectional view taken
along line F-F including a section 1n parallel to a longitu-
dinal direction of the source wiring film 3 1n FIG. 48.
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In FIG. 49, the insulation film 10 1s formed on the glass
substrate 1 so as to sandwich the gate electrode 3 and the
gate msulation film 13 therebetween.

The morganic film 11, which has the insulator part 11a
formed by changing the oxide semiconductor nto the 1nsu-
lator and the semiconductor part 11b formed of the oxide
semiconductor, 1s formed on the insulation film 10 to be 1n
direct contact with the insulation film 10.

The source wiring film 3, as a wiring film for forming a
source wiring, 1s formed on the morganic film 11 to be 1n
direct contact with the 1norganic film 11 having the insulator
part 11a and the semiconductor part 11b.

The source wiring film 3 1s formed of metal, for example,
aluminum, aluminum alloy, molybdenum, molybdenum
alloy or copper.

For example, the source wiring film 5 has a thickness of
50 nm to 1 um. This film thickness 1s preferably 50 nm or
more 1n a view point of lowering a resistance value. On the
other hand, this film thickness 1s preferably 1 um or less 1n
a view point of productivity. More preferably, this film has
the thickness of 100 nm to 500 nm.

Secondly, a manufacturing method of the TFT array
substrate 105b according to the sixth embodiment of this
disclosure will be described. FIGS. 50 to 38 are cross-
sectional views illustrating parts of manufacturing process
of the TFT array substrate 1053b according to the sixth
embodiment of this disclosure.

At first, the gate electrode 3 and the gate insulation film
13 are formed on the glass substrate 1. The gate nsulation
film 13 1s formed 1n a manner where a silicon nitride (S1N)
film 1s formed to have a thickness of 400 nm on the entire
surface of the gate electrode 3 by using the CVD device
(F1G. 50).

For example, the gate insulation film 13 has the thickness
of 1 nm to 1 um. This film thickness 1s preferably 1 nm or
more 1n a view point of forming a unmiform film and
obtaining a function of the isulation film. On the other
hand, this film thickness 1s preferably 1 um or less in a view
point of productivity. More preferably, this film has the
thickness of 10 nm to 500 nm.

At first, an S10, film 1s formed to have a thickness of
about 50 nm on the entire surface of the gate insulation film
by using the CVD device, whereby the nsulation film 10 1s
formed (FIG. 51).

Next, an InGaZnO film as the oxide semiconductor film
1s formed to have a thickness of about 80 nm on the entire
surface of the insulation film under a condition to obtain
property of semiconductor, by using the sputtering device,
whereby the mnorganic film 11 made of the semiconductor
part 11b 1s formed (FIG. 52). Specifically, this film 1s formed
under a condition that a partial pressure of oxygen with
respect to Ar (argon) 1s set to about 9% 1n the sputtering.

Next, a photoengraving process for leaving the semicon-
ductor part 11b forming a TF'T 12b 1s performed, whereby
the resist 15 1s formed at the TEFT part (FIG. 53).

Next the InGaZnO 1s changed to the insulator from the
semiconductor by implementing the plasma process (N,O
plasma process) P by using the nitrous oxide (N,O) gas, and
thus the inorganic film 11, which has the nsulator part 11a
at the portion not covered by the resist 15, 1s formed (FIG.
54). Thereafter, the resist 15 1s removed (FIG. 55).

Next, an aluminum-nickel-neodymium (AINiNd) film 1s
formed to have a thickness of about 200 nm by using the
sputtering device, whereby the source wiring film 5 1s
tformed (FIG. 56). Thereafter, the photoengraving process
for forming the wiring pattern, etc. 1s performed on the
source wiring film 3 by using the resist 15 (FI1G. 57), and the
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etching process for removing portlons of the source wiring
film S not covered by the resist 15 1s performed (FIG. 58).
Then the resist 15 1s removed and thus the TFT array
substrate 105b shown in FIGS. 48 and 49 1s obtained.

Thereatter, the insulation film 10, the mterlayer insulation
film 14, the contact hole 8 and the pixel electrode 9 are
formed, and thus the TFT array substrate 105a shown 1n
FIG. 47 1s obtained.

Thirdly, configurations of the TF'T array substrates 105a,
105b according to the sixth embodiment of this disclosure 1n
a case where the source wiring film 5 has a disconnection
part OP will be described. FIG. 589 1s a top view 1llustrating,
a TFT array substrate 205a having the disconnection part OP
at the source wiring film 5, according to the sixth embodi-
ment of this disclosure. The TFT array substrate 205a shown
in FIG. 59 has the same configuration as the TFT array
substrate shown 1n FIG. 47 except for that the source wiring
film $§ has the disconnection part OP.

FIG. 60 1s a top view 1illustrating a TFT array substrate
205b according to the sixth embodiment of this disclosure.
FIG. 60 corresponds to the TFT array substrate 2035a of FIG.
59 1n a stage before forming the insulation film 10, the
interlayer isulation film 14, the contact hole 8 and the pixel
clectrode 9.

FIG. 66 1s a cross-sectional view of the TFT array
substrate 205b according to the sixth embodiment of this
disclosure. FIG. 66 1s the cross-sectional view taken along
line G-G 1ncluding a section 1n parallel to a longitudinal
direction of the source wiring film 5 1n FIG. 60. In the
configuration of the TFT array substrate according to the
sixth embodiment of this disclosure in the case of having the
disconnection part OP, as shown i FIG. 66, the source
wiring {ilm 5 1s separated 1n the longitudinal dlrectlon in a
manner of mterposing the disconnection part OP. Thus, a
first source wiring film 3a and a second source wiring film
5b being not 1 direct contact with the first source wiring
f1lm 5a are formed. Since the remaining configuration of this
TFT array substrate 1s the same as that in the case where the
disconnection part OP 1s not formed as shown i FIG. 49,
descriptions thereof will be omitted.

FIGS. 64 and 65 are cross-sectional views illustrating
parts of the manufacturing process of the TFT array sub-
strate 205b according to the sixth embodiment of this
disclosure. FIG. 64 1llustrates a case where foreign particle
16 1s incorporated into the resist 15 in the photoengraving
process shown in FIG. 57. FIG. 65 1s the cross-sectional
view 1llustrating a state that the foreign particle 16 of FIG.
64 peels.

As shown 1 FIG. 65, if the foreign particle 16 peels off,
for example, 1n a resist developing process or a cleaning
process before the etching process, an unintentional portion
not covered by the resist 15 appears in the source wiring
film. As shown 1n FIG. 66, at this portion not covered by the
resist 15, the source wiring film 1s etched away and the
disconnection part OP appears.

Fourthly, configuration of the TFT array substrate accord-
ing to the sixth embodiment of this disclosure which 1is
subjected to connection repair in a case where the discon-
nection part OP 1s generated at the source wiring film 5 will
be described.

FIG. 61 1s a top view 1illustrating a TFT array substrate
303a according to the sixth embodiment of this disclosure.
FIG. 62 1s a top view 1illustrating a TFT array substrate 305b
according to the sixth embodiment of this disclosure. FIG.
61 1llustrates a state where a conductor part 11c, which 1s
formed by changing the oxide semiconductor film into the
conductor, 1s formed at the disconnection part OP of the
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source wiring film 5 1n FIG. 539. FIG. 62 corresponds to a
state where the conductor part 11c, which 1s formed by
changing the oxide semiconductor film 1nto the conductor, 1s
formed at the disconnection part OP of the source wiring
film 5§ 1 FIG. 60.

FIG. 63 1s a cross-sectional view of the TFT array
substrate 305b according to the sixth embodiment of this
disclosure. FIG. 63 i1s the cross-sectional view taken along
line H-H 1including a section 1n parallel to a longitudinal
direction of the source wiring film 5 1n FIG. 62. In addition
to the configuration explained with reference to FI1G. 66, as
shown 1n FIG. 63, the morganic film 11 has the conductor
part 11¢ formed by changing the oxide semiconductor into
the conductor, and the conductor part 11¢ 1s in direct contact
with both the first source wiring film 5a and the second
source wiring film 5b. Since the remaining configuration of
this TFT array substrate 1s the same as that of the TFT array
substrate 1n the state before forming the conductor part 11c,
which 1s obtained by changing the oxide semiconductor film
into the conductor, shown 1n FIG. 66, descriptions thereof
will be omuitted.

Fifthly, a method of manufacturing the TFT array sub-
strate 305b by subjecting the TF'T array substrate 205b
according to the sixth embodiment of this disclosure to the
connection repair will be described. FIG. 67 1s a cross-
sectional view 1llustrating a part of the manufacturing pro-
cess of the TFT array substrate 305b according to the sixth
embodiment of this disclosure. FIG. 67 illustrates the pro-
cess of 1rradiating the disconnection part OP with the
ultraviolet rays L.

At first, the disconnection part OP 1s detected by the
defect 1nspection apparatus or the like and the ultraviolet
rays L are irradiated on the disconnection part OP, by using,
the ultraviolet laser. As shown in FIG. 67, the ultraviolet rays
L are 1rradiated 1n a direction toward the 1norganic film 11
from the glass substrate 1, that 1s, toward the disconnection
part OP from the rear surface side of the glass substrate 1.
The ultraviolet rays L transmit the glass substrate 1 and are
irradiated on the insulation film 10 and the 1nsulator part 11a
of the morganic film 11.

FIG. 68 1s a top view illustrating the TFT array substrate
205b according to the sixth embodiment of this disclosure.
FIG. 68 illustrates a range 30 on which the ultraviolet rays
L are irradiated, at a time of manufacturing the TFT array
substrate 305b by subjecting the TFT array substrate 205b
according to the sixth embodiment of this disclosure to the
connection repair. The range 30 on which the ultraviolet rays
L. are wrradiated 1s, for example, a range surrounding the
disconnection part OP as shown in FIG. 68.

When the ultraviolet rays L are irradiated on a portion
where the msulator part 11a, which 1s formed by changing
the oxide semiconductor film into the insulator, 1s in direct
contact with the mnsulation film 10 made of the silicon oxide
(S10,) film, 1n particular eftectively, electronic carriers of
the oxide semiconductor film are excited, and thus a specific
resistance value of the oxide semiconductor film reduces.
Thus, the msulator part 11a 1s changed into the conductor,
whereby the conductor part 11c 1s formed. Since the con-
ductor part 11¢ formed by changing the oxide semiconductor
into the conductor 1s 1n direct contact with both the first
source wiring film 5a and the second source wiring film 5b,
the first source wiring {ilm 5a and the second source wiring,
film 5b are electrically conducted to each other via the oxide
semiconductor {ilm that 1s changed into the conductor. Since
the connection repair 1s performed in this manner, the oxide
semiconductor film that 1s changed into the conductor
directly fits to the first source wiring film 5a and the second
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source wiring film 3b. Thus, conduction failure can be
reduced as compared with the conventional art (see FIGS. 62
and 63).

By performing the connection repair 1n this manner, the
TFT array substrate 305b shown in FIGS. 62 and 63 is

obtained. FIG. 69 1s a cross-sectional view of the TFT array
substrate 305a according to the sixth embodiment of this
disclosure. Thereafter, the insulation film 10, the interlayer
insulation film 14, the contact hole 8 and the pixel electrode

9 are formed, and thus the TFT array substrate 303a shown
in FIGS. 61 and 69 i1s obtained.

FIG. 70 1s a diagram 1llustrating a liquad crystal display
device 900 according to the sixth embodiment of this
disclosure. After forming the oriented film, etc., as shown 1n

FIG. 70, the CF substrate 22 1s laminated on the TFT array

substrate 3035a via the seal member 21, and the liquid crystal
20 1s filled 1n a region surrounded by the TFT array substrate
303a, the CF substrate 22 and the seal member 21, whereby
the liquid crystal display device 900 as the display device 1s
formed.

In The TFT array substrate and the liquid crystal display
device according to the sixth embodiment of this disclosure,
the morganic film 11 has the semiconductor part 11b formed
of the oxide semiconductor. Thus, each of the semiconductor
part 11b forming the TFT 12b and the insulator part 11a, 1s
which 1s formed by changing the oxide semiconductor into
the insulator and enables the connection repair of the source
wiring film 5, can be formed by merely changing the
property of the oxide semiconductor. Consequently the
processing can be simplified and the productivity can be
improved.

According to the manufacturing method of the TFT array
substrate and the manufacturing method of the liquid crystal
display device according to the sixth embodiment of this
disclosure, 1n the process of forming the msulator part 11a,
the semiconductor part 11b 1s formed by changing a part of
the oxide semiconductor film into the insulator. Thus, each
of the semiconductor part 11b forming the TFT 12b and the
insulator part 11a, which 1s formed by changing the oxide
semiconductor mto the msulator and enables the connection
repair of the source wiring film 5, can be formed by merely
changing the property of the oxide semiconductor. Conse-
quently the processing can be simplified and the productivity
can be improved.

As described above, 1n each of the first to sixth embodi-
ments according to this disclosure, the explanation 1s made
as to the case where the connection repair 1s performed by
irradiating with the ultraviolet rays L after forming the
source wiring film 5. However even 1n a state where the CF
substrate 22 1s laminated on the TF'T array substrate via the
seal member 21, then the liqud crystal 20 1s filled 1n the
region surrounded by the TFT array substrate, the CF
substrate 22 and the seal member 21 and thus the liquid
crystal display device as the display device 1s formed, the
connection repair also can be performed similarly by 1irra-
diating with the ultraviolet rays L 1n a direction toward the
inorganic film 11 from the TFT array substrate, that is,
toward the disconnection part OP from the rear surface side
of the TFT array substrate. Incidentally, although an inten-
sity of the ultraviolet rays L reduces due to the CF substrate,
ctc., the ultraviolet rays L may be wrradiated from the CF
substrate 22 side. In this case, the connection repair can also
be performed. Thus, the process of performing the connec-
tion repair can be set 1n various manners and the efliciency
of the manufacturing process can be improved advanta-
geously.
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In each of the first to sixth embodiments according to this
disclosure, the explanation 1s made as to the case where the
CF substrate 1s used as a counter substrate facing the TFT
array substrate, but a CF substrate for monochrome display
may be used. Alternatively, a CF substrate not containing a
color filter may be used.

In each of the first to sixth embodiments according to this
disclosure, the explanation 1s made as to the case where the
connection repair 1s applied to the umintentional OP part 1n
view of the manufacturing and designing reasons of the
wiring film. However the connection repair may be applied
to an intentionally formed disconnection part in view of the
manufacturing and designing reasons of the wring film such
as a selection wiring for circuit correction.

What 1s claimed 1s:
1. A method of manufacturing a substrate for a display
device, comprising:
forming, on an insulation substrate, an nsulation film,
which 1s primarily made of one of silicon oxide and
oxidized metal;
forming an morganic film, which has an insulator part that
1s formed by changing an oxide semiconductor 1into an
insulator, to be 1n direct contact with the insulation film;
and
forming a wiring film to be in direct contact with the
insulator part, wherein
the insulator has a specific resistance of 1x10°Q-cm or
more,
the forming the inorgamic film 1s performed after the
forming the wiring film, and
the forming the insulation film 1s performed after the
forming the 1morganic film.
2. The method of manufacturing the substrate for the
display device according to claim 1,
wherein, 1n the forming the msulation film, the msulation
film 1s formed in a manner where the insulation film
contains, 1 a planar view, the wiring film 1n a trans-
versal direction of the wiring film.
3. The method of manufacturing the substrate for the
display device according to claim 1,
wherein forming the inorganic film includes:
forming a film of the oxide semiconductor; and
forming the insulator part by changing the film of the
oxide semiconductor into the insulator after the form-
ing the film of the oxide semiconductor.
4. The method of manufacturing the substrate for the
display device according to claim 3,
wherein, 1n the forming the insulator part, the insulator
part 1s formed by changing only a part of the film of the
oxide semiconductor into the insulator.
5. A method of manufacturing a substrate for a display
device, comprising:
forming, on an 1insulation substrate, an inorganic film,
which has an isulator part that 1s
formed by changing an oxide semiconductor into an
insulator, such that the insulator part 1s 1n direct contact
with the insulation substrate;
forming a wiring film to be in direct contact with the
insulator part; and
forming an insulation film, which 1s primarily made of
one of silicon oxide and oxidized metal, to be in [direct}
contact with the wiring film, wherein
the insulator has a specific resistance of 1x10° Q-cm or
more.
6. The method of manufacturing the substrate for the
display device according to claim 5,
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wherein the forming the wiring film 1s performed after the
forming the norganic film, and
wherein the forming the insulation film 1s performed after
the forming the wiring film.
7. The method of manufacturing the substrate for the
display device according to claim 5,
wherein forming the mmorganic film 1ncludes:
forming a film of the oxide semiconductor; and
forming the insulator part by changing the film of the
oxide semiconductor nto the isulator after the form-
ing the film of the oxide semiconductor.
8. The method of manufacturing the substrate for the
display device according to claim 7,
wherein, 1n the forming the insulator part, the insulator
part 1s formed by changing only a part of the film of the
oxide semiconductor into the isulator.
9. A method of manufacturing a substrate for a display
device, comprising:
forming, on an insulation substrate, an insulation film,
which 1s primarily made of one of silicon oxide and
ox1dized metal;
forming an 1inorganic {ilm, which has an insulator part that
1s formed by changing an oxide semiconductor 1nto an
insulator, to be 1n direct contact with the insulation film;
and
forming a wiring film to be in direct contact with the
insulator part,
wherein the forming the wiring film includes:
forming the wiring film having a first wiring film and a
second wiring {ilm being not 1n direct contact with the
first wiring film, and
forming a conductor part by changing the oxide semicon-

ductor into a conductor, which 1s formed to be 1n direct
contact with the first wiring film and the second wiring
{1lm.
10. The method of manufacturing the substrate for the
display device according to claim 9,
wherein, in the forming the conductor part, the conductor
part 1s formed by wrradiating with ultraviolet rays on the
insulation film and the inorganic film.
11. The method of manufacturing the substrate for the
display device according to claim 10,
wherein, in the forming the conductor part, the ultraviolet
rays are irradiated in a direction toward the nsulation
substrate from the inorganic film.
12. The method of manufacturing the substrate for the
display device according to claim 10,
wherein the substrate 1s made of a material, which trans-
mits the ultraviolet rays, and
wherein, 1n the forming the conductor part, the ultraviolet
rays are irradiated in a direction toward the inorganic
film from the insulation substrate.
13. The method of manufacturing the substrate for the
display device according to claim 10,
wherein the ultraviolet rays are irradiated by at least one
of an ultraviolet lamp, an ultraviolet LED or an ultra-
violet laser.
14. The method of the substrate for the display device
according to claim 10,
wherein the oxide semiconductor 1s one of InGaZnO-
based, InZnO-based, InGaO-based, InSnO-based,
InSnZnO-based, InGaZnSnO-based, InAlZnO-based,
InHIZnO-based, InZrZn0O-based, InMgZnO-based and
InYZnO-based oxide semiconductor.
15. A method of manufacturing a display device compris-
ng:
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the method of manufacturing the substrate according to
claim 10.

16. A method of manufacturing a substrate for a display

device, comprising:

forming, on an insulation substrate, an inorganic film, °
which has an 1nsulator part that 1s formed by changing
an oxide semiconductor into an insulator;

forming a wiring film to be in direct contact with the
insulator part; and

forming an insulation film, which 1s primarily made of 10
one of silicon oxide and oxidized metal, to be 1n direct
contact with the wiring film, wherein

the insulator has a specific resistance of 1x10° Q-cm or
more, 5

the forming the wiring film 1s performed after the forming
the insulation film, and

the forming the inorgamic film 1s performed after the
forming the wiring film.

17. The method of manufacturing the substrate for the »g

display device according to claim 16,

wherein forming the morganic film includes:

forming a {ilm of the oxide semiconductor; and

forming the insulator part by changing the film of the
oxide semiconductor mto the insulator after the form- 25
ing the film of the oxide semiconductor.

18. The method of manufacturing the substrate for the

display device according to claim 17,

wherein, 1n the forming the insulator part, the insulator
part 1s formed by changing only a part of the film of the S
oxide semiconductor into the insulator.

19. A display device, comprising:

an insulation substrate;

an insulation film, which comprises silicon; 15

an inorganic film, which comprises an oxide semiconduc-
tor, in divect contact with the insulation film;

an insulator part of the inorganic film, which comprises
elements of the oxide semiconductor; and

a wiring film overlapping the insulator part in plan view, 4

wherein the insulator part has a specific resistance of
Ix10° Q-cm or more, and

wherein the inorganic film is above the wiring film, and
the insulation film is above and at least partially
overlapping the inorganic film in plan view.
20. The method of manufacturing a substrate for a display
device according to claim 5, wherein
the insulation film is in divect contact with the wiring film.
21. The display device according to claim 19, wherein the
wiring film is in divect contact with the insulator part.
22. The display device according to claim 19, wherein the
inorganic film is in dirvect contact with the wiring film.
23. The display device according to claim 19, wherein the
inovganic film is an oxide semiconductor formed of one of

InZnO-based, InGaO-based nSnO-based, InSn/nO-based, 55
InGa/ZnSnO-based, or InAl/nO-based.

24. The display device according to claim 19, wherein the
inovganic film is an oxide semiconductor formed of one of

InHf (hafnium) ZnO-based, In/r (zirconium) ZnQO-based,
InMg (magnesium) ZnO-based, or InY (yttrium) ZnO-based 60

oxide.
25. The display device according to claim 19, wherein the
inorganic film is an oxide film containing In—Ga—7/n—0O.
26. The display device according to claim 235, wherein the
semiconductor part of the inorvganic film has a specific 65
resistance of more than Ix107° Q cm and less than 1x10° Q

CFHH.
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27. The display device according to claim 25 wherein the
semiconductor part of the inorganic film has a specific
resistance of more than Ix107° Q cm and less than I1x10° €

cm.
28. The display device according to claim 25, wherein the
inorganic film has a thickness of 5 nm to 1 micron.

29. The display device according to claim 25, wherein the
inovganic film has a thickness of 10 nm to 500 nm.

30. The display device according to claim 25, wherein the
insulation film has a thickness of 1 nm to I micron.

31. The display device according to claim 25, wherein the
insulation film has a thickness of 10 nm to 500 nm.

32. The display device according to claim 25, wherein the
wiring film has a thickness of 50 nm to 1 micron.

33. The display device according to claim 25, wherein the

wiring film has a thickness of 100 nm to 500 nm.

34. The display device according to claim 25, wherein the
wiring film comprises aluminum.

35. The display device according to claim 25, wherein the
wiring film comprises copper.

36. The display device according to claim 25, wherein the
wiring film is comprised primarily of a metal of one of
chrome (Cr), aluminum, molybdenum, or copper.

37. The display device according to claim 19, wherein the
insulation film has a thickness of 1 nm to 1 micron.

38. The display device according to claim 19, wherein the
insulation film has a thickness of 10 nm to 500 nm.

39. The display device according to claim 19, wherein the
wiring film has a thickness of 50 nm to 1 micron.

40. The display device according to claim 19, wherein the
wiring film has a thickness of 100 nm to 500 nm.

41. The display device according to claim 19, wherein the
wiring film comprises aluminum.

42. The display device according to claim 19, wherein the
wiring film comprises copper.

43. The display device according to claim 19, wherein the
wiring film is comprised primarily of a metal of one of
chrome (Cr), aluminum, molybdenum, or copper.

44. A display device, comprising:

an insulation substrate;

an insulation film, which comprises silicon;

an inorganic film, which comprises an oxide semiconduc-

tor part and a conductor part, in divect contact with the
insulation film; and

a wiring film in dirvect contact with the conductor part,

wherein the inorganic film is above the wiring film, the

insulation film is above and at least partially overlap-
ping the inorganic film in plan view, and an insulator
part of the inorganic film is in divect contact with the
insulation film.

45. The display device according to claim 44, wherein the
inorganic film is in dirvect contact with the wiring film.

46. The display device according to claim 44, whevrein the
dirvect contact is overlapping in plan view.

47. The display device according to claim 44 wherein an
insulator part of the inorganic film is in dirvect contact with
the conductor part of the inorganic film.

48. The display device according to claim 47, wherein the
dirvect contact is an edge contact.

49. The display device according to claim 44, wherein the
wiring film includes a first wirving film and a second wiring

film that is not in direct contact with the first wiring film.

50. The display device according to claim 44, wherein the
inorganic film is an oxide semiconductor formed of one of

InZnO-based, InGaO-based InSnO-based, [nSn/nO-based,
InGa/ZnSnO-based, or InAlZnO-based.
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51. The display device according to claim 44, wherein the
inorganic film is an oxide semiconductor formed of one of

InHf (hafnium) ZnO-based, In/y (zirconium) ZnQO-based,
InMg (magnesium) ZnO-based, or InY (vitrium) ZnO-based
oxide.
52. The display device according to claim 44, wherein the
inorganic film is an oxide film containing In—Ga—7/n—0O.
53. The display device according to claim 52, wherein the
semiconductor part of the inorvganic film has a specific

resistance of move than 1x107° Q cm and less than Ix10° Q
CH.
54. The display device according to claim 52, wherein the
semiconductor part of the inorvganic film has a specific
resistance of more than 1x107° Q cm and less than 1x10° Q

cm.
55. The display device according to claim 52, wherein the
conductor part of the inorganic film has a specific resistance
of Ix107> Q cm or less.

56. The display device according to claim 52, wherein the
inorganic film has a thickness of 5 nm to 1 micron.

57. The display device according to claim 52, wherein the
inorganic film has a thickness of 10 nm to 500 nm.

58. The display device according to claim 52, wherein the
insulation film has a thickness of 1 nm to 1 micron.

59. The display device according to claim 52, wherein the
insulation film has a thickness of 10 nm to 500 nm.

60. The display device according to claim 52, wherein the
wiring film has a thickness of 50 nm to 1 micron.

61. The display device according to claim 52, wherein the
wiring film has a thickness of 100 nm to 500 nm.

62. The display device according to claim 52, wherein the
wiring film comprises aluminum.

63. The display device according to claim 52, wherein the
wiring film comprises copper.

64. The display device according to claim 52, wherein the
wiring film is comprised primarily of a metal of one of
chrome (Cr), aluminum, molybdenum, or copper.

65. The display device according to claim 44, wherein the
insulation film has a thickness of 1 nm to 1 micron.

66. The display device according to claim 44, wherein the
insulation film has a thickness of 10 nm to 500 nm.

67. The display device according to claim 44, wherein the
wiring film has a thickness of 50 nm to 1 micron.

68. The display device according to claim 44, wherein the
wiring film has a thickness of 100 nm to 500 nm.

69. The display device according to claim 44, wherein the
wiring film comprises aluminum.

70. The display device according to claim 44, wherein the
wiring film comprises copper.

71. The display device according to claim 44, whevrein the
wiring film is comprised primarily of a metal of one of
chrome (Cr), aluminum, molybdenum, orv copper.

72. A display device, comprising:

an insulation substrate;

an insulation film, which is primarily made of one of

silicon oxide and oxidized metal;

an inorganic film, which comprises an oxide semiconduc-

tor, in dirvect contact with the insulation film,
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an insulator part of the inorganic film, which comprises

elements of the oxide semiconductor;,

a conductor part of the inorganic film, which comprises

elements of the oxide semiconductor; and

a wiring film including a first wiring film and a second

wiring film being not in direct contact with the first
wiring film, the conductor part being in divect contact
with the first wirving film and the second wiring film.

73. The display device according to claim 72, wherein the
insulator part of the inorganic film is in divect contact with
the conductor part of the inorganic film.

74. The display device according to claim 73, wherein the
dirvect contact is an edge contact.

75. The display device according to claim 72, wherein the
conductor part of the inorganic film has a specific vesistance
of 1x107° Q cm or less.

76. The display device according to claim 72, wherein the
inovganic film has a thickness of 5 nm to 1 micron.

77. The display device according to claim 72, wherein the
inorganic film has a thickness of 10 nm to 500 nm.

78. The display device according to claim 72, wherein the
insulation film has a thickness of 1 nm to I micron.

79. The display device according to claim 72, wherein the
insulation film has a thickness of 10 nm to 500 nm.

80. The display device according to claim 72, wherein the
wiring film has a thickness of 50 nm to 1 micron.

81. The display device according to claim 72, whevein the
wiring film has a thickness of 100 nm to 500 nm.

82. The display device according to claim 72, wherein the
wiring film comprises aluminum.

83. The display device according to claim 72, wherein the
wiring film comprises copper.

84. The display device according to claim 72, wherein the
inorganic film is an oxide film comprising In—Ga—/n—0.

85. The display device according to claim 84, whevrein the
conductor part of the inorganic film has a specific resistance
of 1x107> Q cm or less.

86. The display device according to claim 84, wherein the
inorganic film has a thickness of 5 nm to 1 micron.

87. The display device according to claim 84, wherein the
inorganic film has a thickness of 10 nm to 500 nm.

88. The display device according to claim 84, wherein the
insulation film has a thickness of 1 nm to 1 micron.

89. The display device according to claim 84, wherein the
insulation film has a thickness of 10 nm to 500 nm.

90. The display device according to claim 84, wherein the
wiring film has a thickness of 50 nm to 1 micron.

91. The display device according to claim 84, wherein the
wiring film has a thickness of 100 nm to 500 nm.

92. The display device according to claim 84, wherein the
wiring film comprises aluminum.

93. The display device according to claim 84, wherein the
wiring film comprises copper.

94. The display device according to claim 84, wherein the
insulator part of the inorvganic film is in direct contact with
the conductor part of the inorganic film.

95. The display device according to claim 94, whevrein the
dirvect contact is an edge contact.
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