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1
THIN FILM TRANSISTOR SUBSTRATE AND
LIQUID CRYSTAL DISPLAY DEVICE
PROVIDED WITH SAME

TECHNICAL FIELD

The present invention relates to thin film transistors and to
liquid crystal display devices including the thin film transis-
tors, and specifically to a thin film transistor substrate includ-
ing a thin film transistor having a semiconductor layer made
of an oxide semiconductor, and to a liquid crystal display
device.

BACKGROUND ART

In thin film transistor substrates included in liquid crystal
display devices, thin film transistors (hereinafter also referred
to as “TFTs”) are used as switching elements of pixels each of
which is the smallest unit of an image. Conventionally, TFTs
whose semiconductor layers are made of amorphous silicon
have been used. However, in recent years, instead of the TFTs
including the semiconductor layers made of amorphous sili-
con, TFTs including oxide semiconductor films as semicon-
ductor layers have been proposed. The TFTs including the
oxide semiconductor films as the semiconductor layers
exhibit satisfactory characteristics such as high mobility, high
reliability, and a low off current, and thus have been actively
researched and developed.

A TFT having a bottom gate structure generally includes a
gate electrode provided on a glass substrate, a gate insulating
film provided to cover the gate electrode, a semiconductor
layer provided on the gate insulating film to overlap the gate
electrode, and a source electrode included in a source section
and a drain electrode included in a drain section which are
provided on the gate insulating film to be spaced apart from
each other and to overlap the semiconductor layer, wherein a
channel section is formed in a portion of the semiconductor
layer exposed between the source electrode and the drain
electrode. The TFT is covered with an interlayer insulating
film provided on the source electrode and the drain electrode.
A contact hole extending to the drain electrode is formed in
the interlayer insulating film, and an inner surface of the
contact hole is covered with a pixel electrode made of a
transparent conductive film, thereby electrically connecting
the pixel electrode to the drain electrode.

Here, the drain electrode generally has a configuration in
which a plurality of metal thin films are stacked. An example
of a layered structure of the drain electrode includes a con-
figuration in which a first conductive film made of a titanium
film, a second conductive film made of an aluminum film, and
athird conductive film made of a molybdenum nitride film are
sequentially stacked on the gate insulating film.

In etching to form the contact hole, the contact hole is
formed to extend from a surface of the interlayer insulating
film to the drain electrode. The etching is performed, for
example, by dry etching using a fluorine-based gas as an
etching gas. Here, when the contact hole is extended to the
drain electrode by the etching gas, and the contact hole passes
through the third conductive film, the second conductive film
(the aluminum film) is exposed in the contact hole.

When the aluminum film exposed in the contact hole is
brought into contact with the etching gas, an aluminum fluo-
ride film is formed on a surface of the aluminum film. Then,
oxygen ashing is performed after the dry etching, thereby a
surface of the aluminum fluoride film is oxidized, which
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results in thatthe surface of the aluminum film is covered with
an aluminum oxide film containing fluorine (that is, a passi-
vation coating).

Thus, when an ITO film, or the like is provided as the pixel
electrode on the inner surface of the contact hole, the ITO film
is brought into contact with the drain electrode, but part of the
drain electrode which will be brought into contact with the
pixel electrode is covered with the passivation coating, and
thus defective conduction is caused, which may lead to qual-
ity degradation.

Patent Document 1 discloses that a channel section, a
source section, and a drain section of a thin film transistor as
well as a pixel electrode, and connection terminal sections at
ends of a gate signal line and a source signal line are made of
an identical oxide semiconductor film, all layer structures of
athin film transistor array are formed, an opening is formed at
a desired location in an uppermost protective insulating film,
and a plasma treatment is performed via the opening, thereby
simultaneously reducing the resistance of the connection ter-
minal sections, the source section, the drain section, and the
pixel electrode to obtain the thin film transistor array.

CITATION LIST
Patent Document

PATENT DOCUMENT 1: Japanese Patent Publication No.
2008-40343

SUMMARY OF THE INVENTION
Technical Problem

However, when a thin film transistor array is formed by the
method disclosed in Patent Document 1, the resistance of the
entirety of the oxide semiconductor film has to be reduced,
and thus the plasma treatment takes time. Moreover, the chan-
nel section is also influenced by the reduction in resistance,
which causes problems such as leakage between the source
and the drain, a high threshold value, etc. Moreover, the oxide
semiconductor film cannot be satisfactorily protected, so that
long-term reliability of the thin film transistor array may be
insufficient. Moreover, since the pixel electrode is made of the
oxide semiconductor film whose resistance is reduced, the
resistance is high compared to the case where the pixel elec-
trode is a transparent electrode made of an ITO film, an IZO
film, or the like, so that a satisfactory display quality cannot
be obtained.

Tt is an objective of the present invention to provide a thin
film transistor substrate in which satisfactory contact is
achieved between a drain section and a pixel electrode.

Solution to the Problem

A thin film transistor substrate of the present invention
includes: a substrate; a thin film transistor including a gate
electrode provided on the substrate, a gate insulating film
provided to cover the gate electrode, an oxide semiconductor
film provided on the gate insulating film and including a
channel section formed ata position facing the gate electrode,
and a source section and a drain section provided to be spaced
apart from each other with the channel section sandwiched
therebetween; a protective film which is provided to cover the
thin film transistor and in which a pixel contact hole extend-
ing to the drain section is formed; and a pixel electrode
provided on the protective film and electrically connected to
the drain section via the pixel contact hole, wherein the source
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section is made of a source metal provided above the gate
insulating film and the oxide semiconductor film, and the
drain section is a low resistance portion which is part of the
oxide semiconductor film, where the part includes a surface
of the oxide semiconductor film opposite to the gate insulat-
ing film, and resistance of the part is reduced.

With this configuration, the drain section is a low resistance
portion which is part of the oxide semiconductor film, where
the part includes a surface of the oxide semiconductor film
opposite to the gate insulating film, and the resistance of the
part is reduced. Thus, there is no possibility that a contact
failure occurs between pixel electrode provided on the inner
surface of the pixel contact hole and the drain section.

In the thin film transistor substrate of the present invention,
the low resistance portion which is the drain section prefer-
ably has a thickness of less than or equal to %2 of a thickness
of the oxide semiconductor film.

The thin film transistor substrate of the present invention
may further include: an interlayer insulating film provided
above the gate insulating film and the oxide semiconductor
film and under the protective film, wherein the source metal
included in the source section is formed above the interlayer
insulating film, a source contact hole extending from a sur-
face of the interlayer insulating film to the oxide semiconduc-
tor film is formed in the interlayer insulating film, and the
source metal is formed on an inner surface of the source
contact hole to electrically connect the source metal to the
oxide semiconductor film, and part of the oxide semiconduc-
tor film is a low resistance portion whose resistance is
reduced, where the part includes a surface of the oxide semi-
conductor film which is in contact with the source metal.

The thin film transistor substrate of the present invention is
preferably used when the source metal includes a first con-
ductive film, and a second conductive film made of alumi-
num, and the first conductive film and the second conductive
film are sequentially stacked on the gate insulating film.

In this case, the first conductive film may be made of a
refractory metal film. Examples of the refractory metal film
include: metal films such as a titanium (T1) film, a molybde-
num (Mo) film, a tantalum (Ta) film, a tungsten (W) film, a
chromium (Cr) film, and a nickel (N1) film; metal films made
of nitride of these metals, alloys of these metals, etc.

In the thin film transistor substrate of the invention, the
source metal further may include a third conductive film
stacked on a surface of the second conductive film opposite to
the first conductive film.

The thin film transistor substrate is preferably used in a
liquid crystal display device, including: the thin film transis-
tor substrate; a counter substrate arranged to face the thin film
transistor substrate; and a liquid crystal layer provided
between the thin film transistor substrate and the counter
substrate.

Advantages of the Invention

According to the present invention, the drain section is a
low resistance portion which is part of the oxide semiconduc-
tor film, where the part includes a surface of the oxide semi-
conductor film opposite to the gate insulating film, and the
resistance of the part is reduced. Thus, there is no possibility
that a contact failure occurs between the pixel electrode pro-
vided on an inner surface of the pixel contact hole and the
drain section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view schematically illustrating a liquid
crystal display device.
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FIG. 2 is a cross-sectional view along the line II-IT of FIG.
1.

FIG. 3 isaplan view illustrating a substantial portion of the
thin film transistor substrate according to the first embodi-
ment in an enlarged manner.

FIG. 4 is a cross-sectional view along the line A-A of FIG.
3

FIG. 5 is a cross-sectional view along the line B-B of FIG.
3

FIG. 6 is a cross-sectional view along the line C-C of FIG.
3.

FIGS. TA-7C are views illustrating a method for fabricat-
ing the thin film transistor substrate of the first embodiment,
wherein FIG. 7A is a cross-sectional view along the line A-A
of FIG. 3, FIG. 7B is a cross-sectional view along the line B-B
of FIG. 3, and FI1G. 7C is a cross-sectional view along the line
C-C of FIG. 3.

FIGS. 8A-8C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 7A-7C.

FIGS. 9A9C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 8A-8C.

FIGS. 10A-10C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 9A-9C.

FIGS. 11A-11C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 10A-10C.

FIG. 12 is a plan view illustrating a substantial portion of a
thin film transistor substrate according to a second embodi-
ment in an enlarged manner.

FIG. 13 is a cross-sectional view along the line A-A of FIG.
12.

FIG. 14 is a cross-sectional view along the line B-B of FIG.
12.

FIG. 15 is a cross-sectional view along the line C-C of FIG.
12.

FIGS. 16A-16C are views illustrating a method for fabri-
cating the thin film transistor substrate of the second embodi-
ment, wherein FIG. 16A is a cross-sectional view along the
line A-A of FIG. 12, FIG. 16B is a cross-sectional view along
the line B-B of FIG. 12, and FIG. 16C is a cross-sectional
view along the line C-C of FIG. 12.

FIGS. 17A-17C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 16A-16C.

FIGS. 18A-18C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 17A-17C.

FIGS. 19A-19C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 18A-18C.

FIGS. 20A-20C are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 19A-19C.

FIG. 21 is a plan view illustrating a substantial portion ofa
thin film transistor substrate according to a third embodiment
in an enlarged manner.

FIG. 22 is a cross-sectional view along the line A-A of FIG.
21.

FIG. 23 is a cross-sectional view along the line B-B of FIG.
21.

FIGS. 24A, 24B are views illustrating a method for fabri-
cating the thin film transistor substrate of the third embodi-
ment, wherein FIG. 24A is a cross-sectional view along the
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line A-A of FIG. 21, and FIG. 24B is a cross-sectional view
along the line B-B of FIG. 21.

FIGS. 25A, 25B are views illustrating a process step in the
method for fabricating for fabricating the thin film transistor
substrate following the process step of FIGS. 24A, 24B.

FIGS. 26A, 26B are views illustrating a process step in the
method for fabricating the thin film transistor substrate fol-
lowing the process step of FIGS. 25A, 25B.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described in
detail below with reference to the drawings. The following
embodiments are not intended to limit the present invention.
In the embodiments, the same reference numerals are used to
represent equivalent elements.

First Embodiment
Configuration of Liquid Crystal Display Device

FIGS. 1 and 2 illustrate a liquid crystal display device 10
according to a first embodiment. The liquid crystal display
device 10 includes a TFT substrate 20 and a counter substrate
30 which are arranged to face each other. The substrates 20
and 30 are adhered to each other by a sealing material 40
provided to have a frame-like shape at outer peripheral parts
of the substrates 20 and 30. In the space surrounded by the
sealing material 40 between the substrates 20 and 30, a liquid
crystal layer 50 is provided as a display layer. The liquid
crystal display device 10 has a display region D which is
surrounded by the sealing material 40 and in which a plurality
of pixels are arranged in a matrix pattern. A region by which
the display region D is surrounded is a picture-frame region.

(TFT Substrate)

FIGS. 3-6 illustrate the TFT substrate 20 of the first
embodiment. FIG. 3 is a plan view illustrating the TFT sub-
strate 20. The TFT substrate 20 is formed by stacking, on a
substrate 21 made of, for example, a glass substrate, a first
metal of which a gate electrode 224, a lower electrode 22b, a
terminal 22¢, a gate line 22gb, transfer pads (not shown), etc.
are made; a gate insulating film 23 made of Si0,, a multilayer
structure of Si0, and SiN, or the like; oxide semiconductor
films 24a, 245 made of an IGZO film, or the like; a second
metal of which a source metal 25s, a source line 25sb, etc.
forming a source section are made; a protective film 26 made
of Si0,, SiN, a transparent insulating resin, or the like; a pixel
electrode 28 made of an indium tin oxide (ITO) film, or the
like; and an alignment layer (not shown) made of a polyimide
film, or the like.

The TFT substrate 20 is formed such that part of the pic-
ture-frame region of the TFT substrate 20 protrudes beyond
the counter substrate 30, thereby forming a terminal region to
which external connection terminals (not shown) of mounted
components, etc. are attached. In the picture-frame region,
the transfer pads (not shown) via which acommon potential is
applied to a common electrode of the counter substrate 30 are
formed, and each transfer pad is connected to a transfer bus
line (not shown) arranged in the terminal region.

Note that a polarizing plate (not shown) is provided on a
surface of the TFT substrate 20 opposite to the liquid crystal
layer 50.

FIG. 4 is a cross-sectional view along the line A-A of FIG.
3.

As illustrated in FIG. 4, the gate electrode 22a is covered
with the gate insulating film 23, and on the gate insulating film
23, the oxide semiconductor film 24a including a channel
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section 24ac formed at a position facing the gate electrode
22a is provided, and on the oxide semiconductor film 24a, a
source section S and a drain section DR are provided to be
spaced apart from each other with the channel section 24ac
sandwiched therebetween. These components are included in
a thin film transistor T.

The gate electrode 22a is made of the first metal, and
includes for example, an aluminum film, a titanium film, and
a titanium nitride film which are sequentially stacked from
bottom to top.

The source section S is made of the source metal 25s (the
second metal) provided above the gate insulating film 23 and
the oxide semiconductor film 24a.

The source metal 255 includes a first conductive film 25sp,
a second conductive film 25s¢, and a third conductive film
255y which are sequentially stacked. The first conductive film
25sp is made of, for example, a titanium (Ti) film, and has a
thickness of, for example, 50 nm. The second conductive film
25s¢ is made of, for example, an aluminum film, and has a
thickness of, for example, 100 nm. The third conductive film
25sr 1s made of, for example, a refractory metal film such as
amolybdenum nitride (MoN) film, and has a thickness of, for
example, 150 nm.

The drain section DR is a low resistance portion 24ad. The
low resistance portion 24ad is a portion including part of the
oxide semiconductor film 24a which is exposed in a pixel
contact hole 274, and the resistance of the portion is reduced.

The low resistance portion 24ad is the portionincluding the
part of the oxide semiconductor film 24« which is exposed in
the pixel contact hole 274, and the resistance of the portion is
reduced, and thus the portion has high conductivity leading to
aresistivity of about Yiooooo00000 to Yoo of the resistivity of the
channel section 24ac. The low resistance portion 24ad
includes a surface of the oxide semiconductor film 24a, and
preferably has a thickness of less than or equal to ¥ of the
thickness of the oxide semiconductor film 244. The resistance
value of the low resistance portion 24ad is not uniform, but for
example, the resistance gradually increases from the surface
of the oxide semiconductor film 24a toward the gate insulat-
ing film 23. Moreover, in FIG. 4, the low resistance portion
24ad is illustrated as a discrete portion defined by a line frame
for convenience, but the low resistance portion 24ad is not
necessarily a discrete portion as long as it is a portion of a
region integrated with the oxide semiconductor film 24a.

The pixel contact hole 27a is formed in the protective film
26, and extends from a surface of the protective film 26 to the
low resistance portion 24ad of the oxide semiconductor film
24a. An inner surface of the pixel contact hole 274 is covered
with the pixel electrode 28, and the pixel electrode 28 is
electrically connected to the low resistance portion 24ad
which is the drain section DR.

FIG. § is a cross-sectional view along the line B-B of FIG.
3.

As illustrated in FIG. 5, the lower electrode 225 is covered
with the gate insulating film 23, and on the gate insulating film
23, an etch stopper layer 245 made of an oxide semiconductor
is provided at a position facing the lower electrode 225. In the
protective film 26 covering the etch stopper layer 24b, an
auxiliary capacitor contact hole 275 extending to the etch
stopper layer 245 is formed. A low resistance portion 24b¢ is
formed by reducing the resistance of a portion including part
of the etch stopper layer 245 which is exposed in the auxiliary
capacitor contact hole 275 compared to the resistance of the
other portions. These components are included in an auxiliary
capacitor element Cs.

The lower electrode 2256 is made of the first metal, and
includes, for example, an aluminum film, a titanium film, and
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a titanium nitride film which are sequentially stacked from
bottom to top. Note that the lower electrode 224 is connected
to an auxiliary capacitor terminal T, provided in the terminal
region.

Aninner surface of the auxiliary capacitor contact hole 275
formed in the protective film 26 is covered with the pixel
electrode 28, and the pixel electrode 28 is in contact with and
electrically connected to the low resistance portion 24b¢ pro-
vided in the etch stopper layer 245.

FIG. 6 is a cross-sectional view along the line C-C of FIG.
3.

Asillustrated in F1G. 6, the terminal 22¢ is covered with the
gate insulating film 23 and the protective film 26. The termi-
nal 22¢ is made of the first metal, and includes, for example,
an aluminum film, a titanium film, and a titanium nitride film
which are sequentially stacked from bottom to top.

A contact hole 27¢ is formed in the gate insulating film 23
and the protective film 26 to extend from the surface of the
protective film 26 to the terminal 22¢. An inner surface of the
contact hole 27¢ is covered with the pixel electrode 28, and
the pixel electrode 28 is electrically connected to the terminal
22¢, thereby forming a gate terminal section T;.

Note that FIG. 6 illustrates a cross section of the gate
terminal section T, but a source terminal section T also has
a similar cross-sectional structure.

(Counter Substrate)

Although not illustrated, on a surface of'a substrate body of
the counter substrate 30, each of colored layers including red,
green, and blue layers 22R, 22G, 22B are provided to a
different pixel in the display region D. Moreover, the common
electrode, which has a thickness of, for example, 100 nm, and
is made of ITO, or the like, is provided above the colored
layers 22R, 22G, 22B. Further, an alignment layer is formed
to cover the common electrode. The colored layers described
above include three types of layers, that is, the red, green, and
blue layers. However, the colored layers are not limited to
these layers, but may include, for example, four types of
layers: red, green, blue, and yellow layers.

Note that a polarizing plate (not shown) is provided on a
surface of the counter substrate 30 opposite to the liquid
crystal layer 50.

(Sealing Material)

Attheouter peripheral parts ofthe TFT substrate 20 and the
counter substrate 30, the sealing material 40 is provided to
have the shape of a ring along the picture-frame region. The
TFT substrate 20 and the counter substrate 30 are adhered to
each other by the sealing material 40.

The sealing material 40 is obtained by curing a starting
material of the sealing material by heating or by ultraviolet
irradiation, where the starting material contains an adhesive
of a thermosetting resin, an ultraviolet curable resin, etc.
having flowability (e.g., an acryl-based resin and an epoxy-
based resin) as a main component. The sealing material 40
includes, for example, conductive beads mixed therewith, and
serves as a medium by which the common electrode is elec-
trically connected to the transfer pads.

(Liquid Crystal Layer)

The liquid crystal layer 50 is made of, for example, a
nematic liquid crystal material having electro-optic charac-
teristics.

The liquid crystal display device 10 having the above-
described configuration is configured such that each of pixel
electrodes forms a pixel, and in each pixel, when the thin film
transistor T is turned on by a gate signal sent via the gate line
22gb, a source signal is sent via the source line 25sb, so that
apredetermined charge is applied to the pixel electrode 28 via
the source section S (the source metal 25s) and the drain
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section DR (the low resistance portion 24ad), which causes a
potential difference between the pixel electrode 28 and the
common electrode of the counter substrate 30, thereby apply-
ing a predetermined voltage to a liquid crystal capacitor
including the liquid crystal layer 50. The liquid crystal dis-
play device 10 displays an image by adjusting transmittance
of light coming from the outside, based on the phenomenon
that the alignment of liquid crystal molecules changes
according to the magnitude of the applied voltage.

In the above description, the second metal, of which the
source metal 255, and the like of the TFT substrate 20 is made,
has a configuration in which the first conductive film 25sp, the
second conductive film 25s¢, and the third conductive film
255y are sequentially stacked. However, a configuration
which does not include the third conductive film 25sr (that is,
a configuration in which two layers, the first conductive film
25sp and the second conductive film 2554 are stacked) may be
possible, or other configurations may be possible.

Moreover, in the above description, the second conductive
film 25s¢ of the second metal, of which the source metal 25s,
and the like of the TFT substrate 20 is made, is an aluminum
film. However, a film made of an aluminum alloy, a film made
of copper (Cu) or made of a copper alloy, etc. may be used.

<Method for Fabricating TFT Substrate>

With reference to FIGS. 7-11, a method for fabricating the
TFT substrate 20 of the present embodiment will be described
below.

(Formation of First Metal, Gate Insulating Film, Oxide
Semiconductor Film)

First, as illustrated in FIGS. 7A-7C, a first metal is pro-
vided on a substrate 21 to form a gate electrode 22a, a lower
electrode 225, a terminal 22¢, a gate line 22gb (see FIG. 3),
transfer pads (not shown), etc. Specifically, an aluminum
film, a titanium film, and a titanium nitride film are succes-
sively formed by, for example, sputtering. Thereafter, a resist
pattern is left on portions which will be the gate electrode 224,
the lower electrode 225, the terminal 22¢, etc. by using pho-
tolithography. Then, a multilayer structure which is a conduc-
tive film composed of the aluminum film, the titanium film,
and the titanium nitride film is etched by, for example, dry
etching (RIE) using a chlorine-based gas. After that, the resist
is removed by a resist remover solution.

Next, as a gate insulating film 23, a Si0, film is formed by,
for example, CVD.

Next, an oxide semiconductor film 24a and an etch stopper
layer 24b are formed. Specifically, an oxide semiconductor
film such as an IGZ0 film is formed by, for example, sput-
tering, and then a resist pattern is left by photolithography on
portions which will be the oxide semiconductor film 24a and
the etch stopper layer 244. Then, the IGZO film is etched by,
for example, wet etching using an oxalic acid solution as an
etchant. After that, the resist is removed by a resist remover
solution.

(Formation of Second Metal)

Subsequently, as illustrated in FIGS. 8A-8C, a source
metal 25s is formed. Specifically, a titanium film (having a
thickness of about 50 nm) which will be a first conductive film
25sp, an aluminum film (having a thickness of about 150 nm)
which will be a second conductive film 25s¢, and a molyb-
denum nitride film (having a thickness of about 100 nm)
which will be a third conductive film 25s# are successively
formed by, for example, sputtering. Then, a resist pattern is
left by photolithography on a portion which will be the source
metal 25s. Then, the second conductive film and the third
conductive film are etched by, for example, wet etching using
a mixed acid solution of phosphoric acid/acetic acid/nitric
acid as an etchant. Further, the titanium film which is the first
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conductive film is etched by dry etching (RIE) using a chlo-
rine-based gas. Thereafter, the resist is removed by a resist
remover solution.

(Formation of Protective Film*Contact Hole)

Next, as illustrated in FIGS. 9A-9C, a SiO, film is formed
as a protective film 26 by. for example, CVD. Then, the
protective film 26 is dry etched, thereby forming a pixel
contact hole 27a, an auxiliary capacitor contact hole 275, and
acontacthole 27¢. Specifically, first, a photosensitive resist is
applied to the protective film 26. Then, the resist is left by
photolithography on portions except portions which will be
the contact holes 27a-27¢. Then, the protective film 26 is
etched by, for example, dry etching (RIE), thereby forming
the contact holes 27a-27¢. Here, the oxide semiconductor
film 24a, the etch stopper layer 245, and the terminal 22¢
serve as an etch stoppet.

(Process of Reducing Resistance)

Subsequently, as illustrated in FIGS. 10A, 10B, a process
of reducing resistance is performed on parts of the oxide
semiconductor film 24¢ and the etch stopper layer 245 which
are respectively exposed in the pixel contact hole 27a and the
auxiliary capacitor contact hole 275 to reduce the resistance
of portions including the exposed parts of the oxide semicon-
ductor film 244 and the etch stopper layer 245, thereby form-
ing low resistance portions 24ad, 24bt. Examples of the pro-
cess of reducing resistance include plasma treatment, vacuum
annealing, etc. For example, when the process of reducing
resistance is performed by plasma treatment, the plasma treat-
ment is preferably performed under plasma treatment condi-
tions that, for example, the hydrogen gas flow rate is 2000
scem, the pressure is 200 Pa, the RF electric poweris 1000 W,
the temperature is 250° C., and the processing time is longer
than or equal to 30 sec. Here, other than a hydrogen gas, a
NH; gas, a SiH, gas, etc. may be used. Alternatively, for
example, the plasma treatment may be performed under
plasma treatment conditions that the CF, gas flow rate is 270
scem, the O, gas flow rateis 30 sccem, the pressureis 7 Pa, the
RF electric power is 1000 W, and the processing time is longer
than or equal to 30 sec. Alternatively, for example, the plasma
treatment may be performed under plasma treatment condi-
tions that the SF¢ gas flow rate is 200 sccm, the O, gas flow
rate is 200 sccm, the pressure is 8 Pa, the RF electric power is
600 W, the processing time is longer than or equal to 30 sec.
Alternatively, for example, the plasma treatment is preferably
performed under conditions that the Cl, gas flow rate is 80
sccm, the B Cl, gas flow rate is 120 scem, the pressure is 4 Pa,
the RF electric power is 1000 W, and the processing time is
longer than or equal to 30 sec. Alternatively, when the process
of reducing resistance is performed by vacuum annealing, the
vacuum annealing is preferably performed under vacuum
annealing conditions that the temperature is higher than or
equal to 250° C., the pressure is lower than or equal to 500 Pa,
and the processing time is longer than or equal to 1 minute.
With this process of reducing resistance, a portion having a
thickness of less than or equal to ¥2 of the thickness of the
oxide semiconductor film 24a is formed into the low resis-
tance portion 24ad having a resistance lower than that of the
oxide semiconductor film 24a. Moreover, a portion having a
thickness of less than or equal to /2 of the thickness ofthe etch
stopper layer 245 is formed into the low resistance portion
245t having a resistance lower than that of the etch stopper
layer 24b. The low resistance portion 24ad formed by reduc-
ing the resistance of part of the oxide semiconductor film 24a
serves as a drain section DR. Moreover, the low resistance
portion 245t formed by reducing the resistance of part of the
etch stopper layer 24b serves as an upper electrode portion of
an auxiliary capacitor element Cs.
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Note that in a gate terminal section T, as illustrated in
FIG. 11C, the process of reducing resistance is not performed
on the contact hole 27c.

(Formation of Pixel Electrode)

Finally, as illustrated in FIGS. 11A-11C, a pixel electrode
28 is formed. Specifically, first, an ITO film is formed by, for
example, sputtering. Then, a resist pattern is left on a portion
which will be the pixel electrode 28 by photolithography.
Then, the ITO film is etched by using, for example, an oxalic
acid solution as an etchant to remove the resist by a resist
remover solution, thereby forming the pixel electrode 28.

As described above, the TFT substrate 20 is fabricated. The
TFT substrate 20 fabricated by the above-described method
and the counter substrate 30 including pixels each provided
with a color filter are arranged to face each other and are
adhered to each other by the sealing material 40, and a liquid
crystal material is filled between the substrates, thereby form-
ing the liquid crystal layer 50, so that the liquid crystal display
device 10 can be obtained.

(Advantages of First Embodiment)

The thin film transistor T, of the present embodiment has
the above-described configuration, and thus the pixel elec-
trode 28 is directly in contact with and is electrically con-
nected to the drain section DR, which can reduce the occur-
rence of a contact failure between the pixel electrode 28 and
the drain section DR. In particular, when the second metal is
formed to have a multilayer structure composed of a first
conductive film and a second conductive film, and the second
conductive film is an aluminum film, if the drain section DR
is made of a drain metal, the aluminum film serving as the
second conductive film is oxidized in forming the pixel con-
tact hole 274, and a surface of the aluminum film is covered
with a passivation coating, which may cause a contact failure
between the drain metal and the pixel electrode 28 provided
on a surface of the pixel contact hole 274. However, the drain
section DR is made of the low resistance portion 24ad
obtained by reducing the resistance of part of the oxide semi-
conductor film 24a. Thus, there is no possibility that the
problem as described above arises, and satisfactory contact
can be achieved.

Second Embodiment
Configuration of Liquid Crystal Display Device

Similar to the first embodiment, a liquid crystal display
device 10 according to a second embodiment includes a TFT
substrate 20 and a counter substrate 30 which are arranged to
face each other. The substrates 20 and 30 are adhered to each
other by a sealing material 40 provided to have a frame-like
shape at outer peripheral parts of the substrates 20 and 30. In
the space surrounded by the sealing material 40 between the
substrates 20 and 30, a liquid crystal layer 50 is provided as a
display layer. The liquid crystal display device 10 has a dis-
play region D which is surrounded by the sealing material 40
and in which a plurality of pixels are arranged in a matrix
pattern. A region by which the display region D is surrounded
is a picture-frame region. The configurations, etc. of the
counter substrate 30, the sealing material 40, and the liquid
crystal layer 50 are the same as those of the first embodiment,
and thus the description thereof is omitted.

(TFT Substrate)

FIGS. 12-15 illustrate the TFT substrate 20 of the second
embodiment. FIG. 12 is a plan view illustrating the TFT
substrate 20. The TFT substrate 20 is formed by stacking, on
a substrate 21, a first metal (of which a gate electrode 224, a
lower electrode 226, a terminal 22¢, a gate line 22gb, and
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transfer pads (not shown) are made), a gate insulating film 23,
oxide semiconductor films 24a, 24b, an interlayer insulating
film 26 A, a second metal (of which a source metal 255 and a
source line 25sb are made), a protective film 26B, a pixel
electrode 28, and an alignment layer (not shown).

FIG. 13 is a cross-sectional view along the line A-A of FIG.
12.

As illustrated in FIG. 13, the gate electrode 22a is covered
with the gate insulating film 23, and on the gate insulating film
23, the oxide semiconductor film 24« including a channel
section 24ac formed at a position facing the gate electrode
22a is provided, and on the oxide semiconductor film 24a, a
source section S and a drain section DR are provided to be
spaced apart from each other with the channel section 24ac
sandwiched therebetween.

The gate electrode 22a is made of the first metal, and
includes, for example, an aluminum film, a titanium film, and
a titanium nitride film which are sequentially stacked from
bottom to top.

The source section S includes a low resistance portion 24as
obtained by reducing the resistance of a portion including part
of the oxide semiconductor film 24a which is exposed in a
source contact hole 27as, and the source metal 25s provided
above the gate insulating film 23, the oxide semiconductor
film 24a, and the interlayer insulating film 26A.

The low resistance portion 24as is a portion including the
part of the oxide semiconductor film 24a which is exposed in
the source contact hole 27as, and the resistance of the portion
is reduced, and thus the portion has high conductivity leading
to aresistivity of about %10000000000 10 Y100 of the resistivity of
the channel section 2dac. The low resistance portion 24as
includes a surface of the oxide semiconductor film 24a, and
preferably has a thickness of less than or equal to %2 of the
thickness of the oxide semiconductor film 244. The resistance
value of the low resistance portion 24as is not uniform, but for
example, the resistance gradually increases from the surface
of the oxide semiconductor film 24a toward the gate insulat-
ing film 23. Moreover, in FIG. 13, the low resistance portion
24as 1s illustrated as a discrete portion defined by a line frame
for convenience, but the low resistance portion 24as is not
necessarily a discrete portion as long as it is a portion of a
region integrated with the oxide semiconductor film 24a.

The source metal 25s is made of the second metal, and
includes, similar to the first embodiment, for example, a first
conductive film 25sp, a second conductive film 25sq, and a
third conductive film 25s» which are sequentially stacked.

The drain section DR is a low resistance portion 24a. The
low resistance portion 24a is a portion including part of the
oxide semiconductor film 24e which is exposed in a pixel
contact hole 27ad, and theresistance of the portionis reduced.

Thelow resistance portion 24ad is the portion including the
part of the oxide semiconductor film 24¢ which is exposed in
the pixel contact hole 27ad, and the resistance of the portion
is reduced, and thus the portion has high conductivity leading
to aresistivity of about Yioo00000000 t0 Y100 of the resistivity of
the channel section 24ac. The low resistance portion 24ad
includes a surface of the oxide semiconductor film 24a, and
preferably has a thickness of less than or equal to %2 of the
thickness of the oxide semiconductor film 24q. The resistance
value of the low resistance portion 24ad is not uniform, but for
example, the resistance gradually increases from the surface
of the oxide semiconductor film 24a toward the gate insulat-
ing film 23. Moreover, in FIG. 13, the low resistance portion
24ad is illustrated as a discrete portion defined by a line frame
for convenience, but the low resistance portion 24ad is not
necessarily a discrete portion as long as it is a portion of a
region integrated with the oxide semiconductor film 24a.
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The pixel contact hole 27ad is formed in the interlayer
insulating film 26 A and the protective film 26B, and extends
from a surface of the protective film 26B to the low resistance
portion 24ad of the oxide semiconductor film 24¢. An inner
surface ofthe pixel contact hole 27ad is covered with the pixel
electrode 28, and the pixel electrode 28 is electrically con-
nected to the low resistance portion 24ad which is the drain
section DR.

A thin film transistor T, of the present embodiment has the
above-described configuration, and thus the pixel electrode
28 is directly in contact with and is electrically connected to
the drain section DR, which can reduce the occurrence of a
contact failure between the pixel electrode 28 and the drain
section DR. In particular, when the second metal is formed to
have a multilayer structure composed of a first conductive
film, a second conductive film, and a third conductive film,
and the second conductive film is an aluminum film, if the
drain section DR is made of a drain metal, the aluminum film
serving as the second conductive film is oxidized in forming
the pixel contact hole 27ad, and a surface of the aluminum
film is covered with a passivation coating, which may cause a
contact failure between the drain metal and the pixel electrode
28 provided on a surface of the pixel contact hole 27ad.
However, the drain section DR is made of the low resistance
portion 24ad obtained by reducing the resistance of part of the
oxide semiconductor film 24a. Thus, there is no possibility
that the problem as described above arises, and satisfactory
contact can be achieved.

FIG. 14 is a cross-sectional view along the line B-B of FIG.
12.

Asillustratedin FIG. 14, the lower electrode 2254 is covered
with the gate insulating film 23, and on the gate insulating film
23, the etch stopper layer 245 made of an oxide semiconduc-
tor is provided at a position facing the lower electrode 225. In
the interlayer dielectric film 26A and the protective film 26
covering the etch stopper layer 24b, an auxiliary capacitor
contact hole 275 extending to the etch stopper layer 245 is
formed. A low resistance portion 245t is formed by reducing
the resistance of a portion including part of the etch stopper
layer 24b which is exposed in the auxiliary capacitor contact
hole 275 compared to the resistance of the other portions.
These components are included in an auxiliary capacitor ele-
ment Cs.

The lower electrode 225 is made of the first metal, and has
a configuration in which, for example, an aluminum film, a
titanium film, and a titanium nitride film are sequentially
stacked from bottom to top. Note that the lower electrode 225
is connected to an auxiliary capacitor terminal T ., provided
in the terminal region.

The auxiliary capacitor contact hole 275 is formed in the
interlayer insulating film 26A and the protective film 26B,
and extends from the surface of the protective film 26B to the
low resistance portion 24b¢ of the etch stopper layer 24b. An
inner surface of the auxiliary capacitor contact hole 275 is
covered with the pixel electrode 28, and the pixel electrode 28
is electrically connected to the low resistance portion 24bt.

FIG. 15 is a cross-sectional view along the line C-C of FIG.
12.

As illustrated in FIG. 15, the terminal 22¢ is covered with
the gate insulating film 23, the interlayer dielectric film 26 A,
and the protective film 26B. The terminal 22¢ is made of the
first metal, and has a configuration in which, for example, an
aluminum film, a titanjum film, and a titanium nitride film are
sequentially stacked from bottom to top.

A contact hole 27¢ is formed in the gate insulating film 23,
the interlayer dielectric film 26 A, and the protective film 26B
to extend from the surface of the protective film 26 to the
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terminal 22¢. An inner surface of the contact hole 27¢ is
covered with the pixel electrode 28, and the pixel electrode 28
is electrically connected to the terminal 22¢, thereby forming
a gate terminal section T .

Note that FIG. 15 illustrates a cross section of the gate
terminal section T, but a source terminal section T also has
a similar cross-sectional structure.

The liquid crystal display device 10 having the above-
described configuration is configured such that each of pixel
electrodes forms a pixel, and in each pixel, when the thin film
transistor T is turned on by a gate signal sent via the gate line
22gb, a source signal is sent via the source line 25sb, so that
apredetermined charge is applied to the pixel electrode 28 via
the source section S (the low resistance portion 24as and the
source metal 255) and the drain section DR (the low resistance
portion 24ad), which causes a potential difference between
the pixel electrode 28 and the common electrode of the
counter substrate 30, thereby applying a predetermined volt-
age to a liquid crystal capacitor including the liquid crystal
layer 50. The liquid crystal display device 10 displays an
image by adjusting transmittance of light coming from the
outside, based on the phenomenon that the alignment of lig-
uid crystal molecules changes according to the magnitude of
the applied voltage.

In the above description, the second metal, of which the
source metal 255, and the like of the TFT substrate 20 is made,
has a configuration in which the first conductive film 25sp, the
second conductive film 25s¢, and the third conductive film
25sr are sequentially stacked. However, a configuration
which does not include the third conductive film 25sr (that is,
a configuration in which two layers, the first conductive film
25sp and the second conductive film 2554 are stacked) may be
possible, or other configurations may be possible.

Moreover, in the above description. the second conductive
film 25s¢ of the second metal, of which the source metal 25s,
and the like of the TFT substrate 20 is made, is an aluminum
film. However, for example, a film made of an aluminum
alloy, a film made of copper (Cu) or made of a copper alloy,
etc. may be used.

<Method for Fabricating TFT Substrate>

With reference to FIGS. 16 A-20C, a method for fabricating
the TFT substrate 20 of the present embodiment will be
described below.

(Formation of First Metal, Gate Insulating Film, Oxide
Semiconductor Film, Interlayer Insulating Film)

First, as illustrated in FIGS. 16A-16C, a first metal having
a multilayer structure composed of an aluminum film, a tita-
nium film, and a titanium nitride film is provided on a sub-
strate 21 to form a gate electrode 22a, a lower electrode 225,
a terminal 22¢, etc.

Next, as a gate insulating film 23, a Si0, film is formed by,
for example, CVD.

Next, an oxide semiconductor film 24« and an etch stopper
layer 24b are formed. Specifically, an oxide semiconductor
film such as an IGZO film is formed by, for example, sput-
tering, and then a resist pattern is left by photolithography on
portions which will be the oxide semiconductor film 24a and
the etch stopper layer 244. Then, the IGZO film is etched by,
for example, wet etching using an oxalic acid solution as an
etchant. After that, the resist is removed by a resist remover
solution.

Moreover, above the gate insulating film 23, a Si0, film is
formed as an interlayer insulating film 26 A to cover the oxide
semiconductor film 24¢ and the etch stopper layer 245 by, for
example, CVD.
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(Formation of Contact Hole*First Process of Reducing
Resistance)

Subsequently, as illustrated in FIG. 17A, the interlayer
insulating film 26A is dry etched, thereby forming a source
contact hole 27as extending to the oxide semiconductor film
24a. A process of reducing resistance is performed on part of
the oxide semiconductor film 24a which is exposed in the
source contact hole 27as to reduce the resistance of the
exposed part of the oxide semiconductor film 24a, thereby
forming a low resistance portion 24as. The process of reduc-
ing resistance can be performed by the same methods as listed
in the first embodiment. With this process of reducing resis-
tance, a portion having a thickness of less than or equal to 12
of the thickness of the oxide semiconductor film 24a is
formed into a low resistance portion 24ad having a resistance
lower than that of the oxide semiconductor film 24a. The low
resistance portion 24as obtained by reducing the resistance of
part of the oxide semiconductor film 24a serves as a source
section S.

Note that as illustrated in FIGS. 17B, 17C, here, no contact
hole is formed in regions which will be an auxiliary capacitor
element and a gate terminal section T.

(Formation of Second Metal)

Subsequently, as illustrated in FIG. 18A, a source metal
25s is formed to cover an inner surface of the source contact
hole 27as. The source metal 25s can be formed, in a manner
similar to that of the first embodiment. For example, a tita-
nium film (having a thickness of about 50 nm) which will be
a first conductive film 25sp, an aluminum film (having a
thickness of about 150 nm) which will be a second conductive
film 25s¢, and a molybdenum nitride film (having a thickness
of about 100 nm) which will be a third conductive film 25s»
are successively formed by, for example, sputtering. Then, a
resist pattern is left by, for example, photolithography on a
portion which includes the source metal 25s. After that, the
second conductive film and the third conductive film are
etched by, for example, wet etching using a mixed acid solu-
tion of phosphoric acid/acetic acid/nitric acid as an etchant.
Further, the titanium film which is the first conductive film is
etched by dry etching (RIE) using a chlorine-based gas.
Thereafter, the resist is removed by a resist remover solution,
thereby forming the source metal 25s.

Note that a source line 25sb, and the like made of a second
metal are formed simultaneously with the formation of the
source metal 25s. As illustrated in FIGS. 18B, 18C, the sec-
ond metal is not formed in regions which will be an auxiliary
capacitor element Cs and the gate terminal section T

(Formation of Protective Film, Contact Hole*Second Pro-
cess of Reducing Resistance)

Next, as illustrated in FIGS. 19A-19C, a SiO, film is
formed as a protective film 26B by, for example, CVD. Then,
the protective film 26B and the interlayer insulating film 26 A
are simultaneously dry etched, thereby forming a pixel con-
tacthole 27ad, an auxiliary capacitor contact hole 275, and a
contact hole 27¢. As illustrated in FIGS. 19A, 19B, a process
of reducing resistance is performed on parts of the oxide
semiconductor film 24¢ and the etch stopper layer 245 which
are respectively exposed in the pixel contact hole 27ad and
the auxiliary capacitor contact hole 275 to reduce the resis-
tance of portions including the exposed parts of the oxide
semiconductor film 24a and the etch stopper layer 245,
thereby forming low resistance portions 24ad, 24bt. With this
process of reducing resistance, a portion having a thickness of
less than or equal to ¥4 of the thickness of the oxide semicon-
ductor film 24a is formed into the low resistance portion 24ad
having a resistance lower than that of the oxide semiconduc-
tor film 24a. Moreover, a portion having a thickness of less
than or equal to ¥ of the thickness of the etch stopper layer
245 is formed into the low resistance portion 24b¢ having a



US 9,069,219 B2

15

resistance lower than that of the etch stopper layer 245. The
low resistance portion 24ad formed by reducing the resis-
tance of part of the oxide semiconductor film 24a serves as a
drain section DR. Moreover, the low resistance portion 245t
formed by reducing the resistance of part of the etch stopper
layer 244 serves as an upper electrode portion of an auxiliary
capacitor element Cs.

(Formation of Pixel Electrode)

Finally, as illustrated in FIGS. 20A-20C, a pixel electrode
28 is formed in a manner similar to that of the first embodi-
ment.

Asdescribed above, the TFT substrate 20 is fabricated. The
TFT substrate 20 fabricated by the above-described method
and the counter substrate 30 including pixels each provided
with a color filter are arranged to face each other and are
adhered to each other by the sealing material 40, and a liquid
crystal material is filled between the substrates, thereby form-
ing the liquid crystal layer 50, so that the liquid crystal display
device 10 can be obtained.

(Advantages of Second Embodiment)

In the thin film transistor T, of the present embodiment, the
pixel electrode 28 is in contact with and is electrically con-
nected to the drain section DR in a manner similar to that of
the first embodiment, which can reduce the occurrence of a
contact failure between the pixel electrode 28 and the drain
section DR.

In addition to the advantages obtained in the first embodi-
ment, according to the configuration of the second embodi-
ment, the source section S includes the low resistance portion
24as and the source metal 25s, so that contact of the source
section S can also be ensured in the low resistance portion
24as even when the electrode area of the source metal 24as is
reduced. Thus, satisfactory contact can be achieved. There-
fore, the configuration of the second embodiment provides
the advantage that the aperture ratio is increased by reducing
the electrode area oft source metal 24as.

Third Embodiment
Configuration of Liquid crystal Display Device

Similar to the first embodiment, a liquid crystal display
device 10 according to a third embodiment includes a TFT
substrate 20 and a counter substrate 30 which are arranged to
face each other. The substrates 20 and 30 are adhered to each
other by a sealing material 40 arranged to have a frame-like
shape at outer peripheral parts of the substrates 20 and 30. In
the space surrounded by the sealing material 40 between the
substrates 20 and 30, a liquid crystal layer 50 is provided as a
display layer. The liquid crystal display device 10 has a dis-
play region D which is surrounded by the sealing material 40
and in which a plurality of pixels are arranged in a matrix
pattern. A region by which the display region D is surrounded
is a picture-frame region. The configurations, etc. of the
counter substrate 30, the sealing material 40, and the liquid
crystal layer 50 are the same as those of the first embodiment,
and thus the description thereof is omitted.

(TFT Substrate)

FIGS. 21-23 illustrate the TFT substrate 20 of the third
embodiment. FIG. 21 is a plan view illustrating the TFT
substrate 20. The TFT substrate 20 is formed, in a manner
similar to that of the first embodiment, by stacking, on a
substrate 21, a first metal (of which a gate electrode 224, a
lower electrode 220, a terminal 22c¢, a gate line 22gb, transfer
pads (not shown), etc. are made), a gate insulating film 23,
oxide semiconductor films 24a, 24b, a second metal (of
which a source metal 25s, a drain metal 254, an upper metal

5

10

15

20

25

30

35

40

45

50

60

65

16

25b, a source line 25sb, etc. are made), a protective film 26, a
pixel electrode 28, and an alignment layer (not shown).

FIG. 22 is a cross-sectional view along the line A-A of FIG.
21

As illustrated in FIG. 22, the gate electrode 224 is covered
with the gate insulating film 23, and on the gate insulating film
23, the oxide semiconductor film 24a including a channel
section 24ac formed at a position facing the gate electrode
22a is provided, and on the oxide semiconductor film 24a, a
source section S and a drain section DR are provided to be
spaced apart from each other with the channel section 24ac
sandwiched therebetween.

The gate electrode 22a is made of the first metal, and
includes, for example, an aluminum film, a titanium film, and
a titanium nitride film which are sequentially stacked from
bottom to top.

The source section S is made of the source metal 25s
provided above the gate insulating film 23 and the oxide
semiconductor film 24a.

The source metal 25s is made of the second metal, and
includes, similar to the first embodiment, for example, a first
conductive film 25sp, a second conductive film 25s¢, and a
third conductive film 25s» which are sequentially stacked.

The drain section DR is a low resistance portion 24ad. The
low resistance portion 24ad is a portion including part of the
oxide semiconductor film 24a which is exposed in a pixel
contact hole 274, and the resistance of the portion is reduced.

The low resistance portion 24ad is the portionincluding the
part of the oxide semiconductor film 24« which is exposed in
the pixel contact hole 274, and the resistance of the portion is
reduced, and thus the portion has high conductivity leading to
aresistivity of about Yiooooo00000 to Yoo of the resistivity of the
channel section 24ac. The low resistance portion 24ad
includes a surface of the oxide semiconductor film 24a, and
preferably has a thickness of less than or equal to ¥ of the
thickness of the oxide semiconductor film 244. The resistance
value of the low resistance portion 24ad is not uniform, but for
example, the resistance gradually increases from the surface
of the oxide semiconductor film 24a toward the gate insulat-
ing film 23. Moreover, in FIG. 22, the low resistance portion
24ad is illustrated as a discrete portion defined by a line frame
for convenience, but the low resistance portion 24ad is not
necessarily a discrete portion as long as it is a portion of a
region integrated with the oxide semiconductor film 24a.

Above the oxide semiconductor film 24a, the drain metal
25d is provided. The drain metal 254 is provided at the same
level as the source metal 255, and includes, for example, a first
conductive film 25dp made of a titanium film, a second con-
ductive film 25dg made of an aluminum film, and a third
conductive film 254r made of a molybdenum nitride film
which are sequentially stacked.

The pixel contact hole 27a is formed in the protective film
26, and extends through the drain metal 25d to the oxide
semiconductor film 24a. An inner surface of the pixel contact
hole 27a is covered with the pixel electrode 28, and the pixel
electrode 28 is electrically connected to the low resistance
portion 24ad which is the drain section DR.

A thin film transistor T of the present embodiment has the
above-described configuration, and thus the pixel electrode
28 is directly in contact with and is electrically connected to
the drain section DR, which can reduce the occurrence of a
contact failure between the pixel electrode 28 and the drain
section DR. In particular, when the drain metal 254 is formed
as amultilayer structure composed of the first conductive film
25dp, the second conductive film 25dg, and the third conduc-
tive film 25dr, and the second conductive film 25dg is an
aluminum film, the aluminum film is oxidized, and a surface
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of the aluminum film is covered with a passivation coating,
which may cause unsatisfactory conduction between the
drain metal 25d and the pixel electrode 28, thereby leading to
a contact failure. However, the drain section DR is made of
the low resistance portion 24ad obtained by reducing the
resistance of part of the oxide semiconductor film 24a. Thus,
the conduction between the pixel electrode 28 and the drain
metal 254 can be ensured in the low resistance portion 24ad,
so that satisfactory contact can be achieved.

FIG. 23 is a cross-sectional view along the line B-B of FIG.
23.

Asillustrated in F1G. 23, the lower electrode 224 is covered
with the gate insulating film 23, and on the gate insulating film
23, the etch stopper layer 245 made of an oxide semiconduc-
tor is provided at a position facing the lower electrode 224.
Above the etch stopper layer 245, the upper metal 255 is
provided. In the protective film 26 covering the etch stopper
layer 245, an auxiliary capacitor contact hole 275 extending
through the upper metal 255 to the etch stopper layer 245 is
formed. A low resistance portion 245t is formed by reducing
the resistance of a portion including part of the etch stopper
layer 24b which is exposed in the auxiliary capacitor contact
hole 275 compared to the resistance of the other portions.
These components are included in an auxiliary capacitor ele-
ment Cs.

The lower electrode 225 is made of the first metal, and
includes for example, an aluminum film, a titanium film, and
a titanium nitride film which are sequentially stacked from
bottom to top. Note that the lower electrode 224 is connected
to an auxiliary capacitor terminal T ., provided in the terminal
region.

The upper metal 255 is provided at the same level as the
source metal 25s and the drain metal 254, and includes, for
example, a first conductive film 255p made of a titanium film,
a second conductive film 25b¢ made of the aluminum film,
and a third conductive film 2557 made of the molybdenum
nitride film which are sequentially stacked.

Aninner surface of the auxiliary capacitor contact hole 275
formed in the protective film 26 is covered with the pixel
electrode 28. The pixel electrode 28 is in contact with and is
electrically connected to the low resistance portion 244z pro-
vided in the etch stopper layer 245.

Note that cross sections of a gate terminal section T ; and a
source terminal section T are not illustrated, but have con-
figurations similar to those of the cross sections of the gate
terminal section T of the first embodiment (F1G. 6).

The liquid crystal display device 10 having the above-
described configuration is configured such that each of pixel
electrodes forms a pixel, and in each pixel, when the thin film
transistor T is turned on by a gate signal sent via the gate line
22gb, a source signal is sent via the source line 25sb, so that
apredetermined charge is applied to the pixel electrode 28 via
the source section S (the source metal 25s) and the drain
section DR (the low resistance portion 24ad), which causes a
potential difference between the pixel electrode 28 and the
common electrode of the counter substrate 30, thereby apply-
ing a predetermined voltage to a liquid crystal capacitor
including the liquid crystal layer 50. The liquid crystal dis-
play device 10 displays an image by adjusting transmittance
of light coming from the outside, based on the phenomenon
that the alignment of liquid crystal molecules changes
according to the magnitude of the applied voltage.

In the above description, the second metal, of which the
source metal 25s, the drain metal 254, the upper metal 255,
etc. of the TFT substrate 20 are made, has a configuration in
which the first conductive film 23sp, 25dp, 25bp, the second
conductive film 25sq, 25dyg, 25b¢, and the third conductive
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film 25sw, 25dr, 25br are sequentially stacked. However, a
configuration which does not include the third conductive
film 25s¥, 25dr, 25br (that is, a configuration in which two
layers, the first conductive film 25sp, 25dp, 25bp and the
second conductive film 25sq, 25dq, 28b¢ are stacked) may be
possible, or other configurations may be possible.

Moreover, in the above description, the second conductive
film 25sq, 25dg, 25bq of the second metal, of which the
source metal 25s, the drain metal 254, the upper metal 255,
etc. of the TE'T substrate 20 are made, is an aluminum film.
However, for example, a film made of an aluminum alloy, a
film made of copper (Cu) or made of a copper alloy, etc. may
be used.

<Method for Fabricating TFT Substrate>

With reference to FIGS. 24 A-26B, a method for fabricating
the TFT substrate 20 of the present embodiment will be
described below.

(Formation of First Metal, Gate Insulating Film, Oxide
Semiconductor Film, Second Metal)

First, as illustrated in FIGS. 24A, 24B, a first metal having
a multilayer structure composed of, for example, an alumi-
num film, a titanium film, and a titanium nitride film is pro-
vided on a substrate 21 to form a gate electrode 224, a lower
electrode 225, etc.

Next, as a gate insulating film 23, a SiO, film is formed by,
for example, CVD.

Next, an oxide semiconductor film 244 and an etch stopper
layer 245 are formed.

Subsequently, a second metal having a multilayer structure
composed ofa first conductive film, a second conductive film,
and a third conductive film is formed so that a source metal
255 and a drain metal 254 are formed above the gate insulating
film 23 and the oxide semiconductor film 24a, and an upper
metal 255 is formed above the gate insulating film 23 and the
etch stopper layer 24b. Here, the second metal is formed as a
pattern by which a source line 25sb, and the like are formed
simultaneously with the source metal 25s, the drain metal
25d, and the upper metal 2554.

(Formation of Protective Film, Contact HolesProcess of
Reducing Resistance)

Next, as illustrated in FIGS. 25A, 25B, a SiO, film is
formed as a protective film 26 by, for example, CVD. Then,
the protective film 26 are dry etched, thereby forming a pixel
contact hole 27a, an auxiliary capacitor contact hole 275, and
a contact hole 27¢ (see FIG. 21). Then, a process of reducing
resistance 1s performed on parts of the oxide semiconductor
film 244 and the etch stopper layer 245 which are respectively
exposed in the pixel contact hole 27a and the auxiliary capaci-
tor contact hole 27b to reduce the resistance of portions
including the exposed parts of the oxide semiconductor film
24a and the etch stopper layer 246, thereby forming low
resistance portions 24ad, 24bt. The process of reducing resis-
tance can be performed by methods similar to those listed as
the process of reducing resistance in the first embodiment.
With this process of reducing resistance, a portion having a
thickness of less than or equal to %% of the thickness of the
oxide semiconductor film 244 is formed into the low resis-
tance portion 24ad having a resistance lower than that of the
oxide semiconductor film 24a. Moreover, a portion having a
thickness of less than or equal to /2 of the thickness of the etch
stopper layer 245 is formed into the low resistance portion
24bt having a resistance lower than that of the etch stopper
layer 24b. The low resistance portion 24ad formed by reduc-
ing the resistance of part of the oxide semiconductor film 24a
serves as a drain section DR. Moreover, the low resistance
portion 24b¢ formed by reducing the resistance of part of the
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etch stopper layer 24b serves as an upper electrode portion of
an auxiliary capacitor element Cs.

(Formation of Pixel Electrode)

Finally, as illustrated in FIGS. 26A, 26B, a pixel electrode
28 is formed in a manner similar to that of the first embodi-
ment.

As described above, the TFT substrate 20 is fabricated. The
TFT substrate 20 fabricated by the above-described method
and the counter substrate 30 including pixels each provided
with a color filter are arranged to face each other and are
adhered to each other by the sealing material 40, and a liquid
crystal material is filled between the substrates, thereby form-
ing the liquid crystal layer 50, so that the liquid crystal display
device 10 can be obtained.

(Advantages of Third Embodiment)

In the thin film transistor T of the present embodiment,
even when conductive performance at a surface of the drain
metal 25dis degraded, the pixel electrode 28 is in contact with
and is electrically connected to the drain section DR in a
manner similar to that of the first embodiment, which can
reduce the occurrence of a contact failure between the pixel
electrode 28 and the drain section DR.

In addition to the advantages obtained in the first embodi-
ment, in the configuration of the third embodiment, overetch-
ing of the protective film 26 in forming the pixel contact hole
27a and the auxiliary capacitor contact hole 275 can be
reduced by the drain metal 254 and the upper metal 255
because the drain metal 254 is provided in the drain section
DR, and the upper metal 254 is provided in the auxiliary
capacitor element Cs. Thus, as a result, plasma damage to the
oxide semiconductor film 24a or slight etching of the oxide
semiconductor film 24a can be reduced.

INDUSTRIAL APPLICABILITY

The present invention is useful for thin film transistor sub-
strates and liquid crystal display devices including the same.

DESCRIPTION OF REFERENCE CHARACTERS

T Thin Film Transistor
D Drain Section
S Source Section
10 Liquid Crystal Display Device
20 Thin Film Transistor Substrate (TFT Substrate)
21 Substrate
22a Gate Electrode
23 Gate Insulating Film
24a Oxide Semiconductor Film
24ac Channel Section
254 Oxide Semiconductor Film
25sp First Conductive Film
25s¢ Second Conductive Film
255y Third Conductive Film
255 Source Metal
26, 26B Protective Film
26A Interlayer Insulating Film
27a, 27ad Pixel Contact Hole
27as Source Contact Hole
28 Pixel Electrode
30 Counter Substrate
50 Liquid Crystal Layer
The invention claimed is:
1. A thin film transistor substrate comprising:
a substrate;
a gate insulating film which is located to cover a gate
electrode provided on the substrate;
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a thin film transistor, including:

the gate electrode,

a portion of the gate insulating film,

an oxide semiconductor film provided on the gate insu-
lating film and including a channel section located at
a position opposing the gate electrode, and

a source section and a drain section spaced apart from
each other with the channel section sandwiched ther-
ebetween;

a protective film which is provided to cover the thin film
transistor and which includes a pixel contact hole
extending to the drain section; and

a pixel electrode provided on the protective film and
directly electrically connected to the drain section by
directly contacting the drain section within the pixel
contact hole, wherein

the source section is defined by metal layer positioned
above both the gate insulating film and the oxide semi-
conductor film,

the drain section is defined by only a low resistance area of
the oxide semiconductor film including a surface of the
oxide semiconductor film opposite to the gate insulating
film, a resistance of the low resistance area is reduced as
compared to other remaining portions of the oxide semi-
conductor film, and

the low resistance area is provided at the pixel contact hole
and has a total thickness which is ¥ or less of a total
thickness of an entirety of the oxide semiconductor film.

2. The thin film transistor substrate of claim 1, further

comprising:

an interlayer insulating film provided above the gate insu-
lating film and the oxide semiconductor film and under
the protective film, wherein

the metal layer of the source section is positioned above the
interlayer insulating film,

a source contact hole extending from a lower surface of the
interlayer insulating film to an upper surface of the oxide
semiconductor film is defined in the interlayer insulating
film, and the metal layer of the source section is provided
within the source contact hole to directly electrically
connect the metal layer of the source section to the oxide
semiconductor film, and

a portion of a surface of the oxide semiconductor film
which is in contact with the metal layer of the source
section has a reduced resistance as compared to the other
remaining portions of the oxide semiconductor film.

3. The thin film transistor substrate of claim 1, wherein

the metal layer of the source section includes:

a first conductive film, and
a second conductive film made of aluminum, and

the first conductive film is located on a surface of the gate
insulating film and the second conductive film is located
on a surface of the first conductive film.

4. The thin film transistor substrate of claim 3, wherein the

first conductive film is made of titanium.

5. The thin film transistor substrate of claim 3, wherein

the metal layer of the source section further includes a third
conductive film located on a surface of the second con-
ductive film opposite to the first conductive film.

6. The thin film transistor substrate of claim 1, wherein

the oxide semiconductor film is an IGZO film.

7. A liquid crystal display device, comprising:

the thin film transistor substrate of claim 1;

a counter substrate arranged to face the thin film transistor
substrate; and
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a liquid crystal layer provided between the thin film tran-
sistor substrate and the counter substrate.
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