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DESCRIPTION
DISPLAY DEVICE

TECHNICAL FIELD
[0001]
The technical field of the present invention relates to a display device, in

particular, a display device which can realize multi-gray scale display.

BACKGROUND ART
[0002]

Display devices which are driven with transistors including amorphous silicon
or polysilicon have been mainly used. However, it has been difficult to realize
multi-gray scale display in these display devices due to the effect of the off-state current
of the transistors.

[0003]

As an example of a pixel in a display device, FIG. 12 illustrates a pixel
including a transistor 100, a liquid crystal element 110, and a storage capacitor 120.
The transistor 100 is an amorphous silicon transistor or a polysilicon transistor. In
each pixel, image data is written into the liquid crystal element 110 and the storage
capacitor 120 from the transistor 100, so that the liquid crystal element 110 is provided
with an electric filed; accordingly, an image can be displayed.

[0004]

However, the electric charges accumulated in the liquid crystal element 110
and the storage capacitor 120 are discharged due to the off-state current of the transistor
100, and the voltage of the pixel is accordingly fluctuated.

[0005]

In each pixel, a storage capacitor C, a voltage fluctuation V, an off-state current
i, and a holding time T satisfies the relation of CV =iT. Therefore, in the case where
the off-state current i of the transistor 100 is set to 0.1 [pAl], the electrostatic capacitance
C of the storage capacitor 120 is set to 0.1 [pF], and one frame period T is set to 16.6

[ms], the voltage fluctuation V of a pixel in one frame period is 16.6 [mV] because the
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product of the electrostatic capacitance and the voltage fluctuation is equal to the
product of the off-state current and the holding time.
[0006]

It is assumed that the display device has 256 (= 28) gray scales and the

maximum driving voltage of the liquid crystal element of a pixel is 5 [V]. In this case,

- the grayscale voltage for 1 gray scale is approximately 20 [mV]. In other words, the

voltage fluctuation V' of the pixel = 16.6 [mV] which is obtained in the above
calculation corresponds to the fluctuation of the grayscale voltage for approximately 1
gray scale.

[0007]

Further, it is assumed that the display device has 1024 (= 210) gray scales. In
this case, the grayscale voltage for 1 gray scale is approximately 5 [mV]. Therefore,
the voltage fluctuation ¥ of the pixel = 16.6 [mV] corresponds to the fluctuation of
approximately 4 gray scales and thus the effect of voltage fluctuation due to the off-state

current cannot be ignored.
[0008]
In Patent Document 1, a display device including a polysilicon transistor has
been proposed.
[Reference]
[Patent Document]
[0009]
[Patent Document 1] Japanese Published Patent Application No. H8-110530

DISCLOSURE OF INVENTION
[0010]

It is an object of the present invention to provide a display device which can
realize multi-gray scale display by reducing voltage fluctuation of a pixel.
[0011]

According to one embodiment of the present invention, a display device
includes a plurality of source signal lines, a plurality of gate signal lines which is

provided so as to intersect with the source signal lines, and a pixel electrode to which a
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signal voltage of the source signal line is applied through a transistor including an oxide
semiconductor, which is provided near an intersection portion of the source signal line
and the gate signal line; in which in the pixel electrode which is provided between a pair
of the adjacent source signal lines, edge portions thereof overlap with edge portions of
the source signal lines and an overlapped area with one of the source signal lines is
substantially equal to an overlapped area with the other source signal line.
[0012]

The oxide semiconductor is intrinsic or substantially intrinsic, and an off-state
current per unit channel width of the transistor is 100 aA/um or less ("a" represents

"

107'%), preferably 1 aA/um or less, and more preferably 1 zA/um or less ("z" represents
10?"). Note that in this specification, the term of "intrinsic" refers to a state of a
semiconductor where the carrier concentration is less than 1 x 1012/cm3, and the state of
"substantially intrinsic" refers to a state of a semiconductor where the carrier
concentration is greater than or equal to 1 x 10'%/cm’ and less than 1 x 10"/cm’.

[0013]

' Multi-gray scale display can be realized by reducing voltage fluctuation of a
pixel. Further, display device having high-quality display can be provided in which
crosstalk or the like is suppressed by reducing the effect of parasitic capacitance

between a signal line and a pixel electrode.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

FIG. 1 is a plan view illustrating a structural example of a display device.

FIGS. 2A to 2D are schematic views each illustrating an inversion mode of a
pixel.

FIG. 3 is a circuit diagram illustrating parasitic capacitance which is generated
by overlap of source signal lines 10 and 20 and a pixel electrode 70.

FIG. 4 is a plan view illustrating a structural example of a display device.

FIG. 5 is a plan view illustrating a structural example of a display device.

FIGS. 6A and 6B each illustrate a structural example of a transistor.

FIGS. 7A to 7E illustrate an example of a structure and a manufacturing
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method of a transistor.

FIGS. 8A to 8E illustrate an example of a structure and a manufacturing
method of a transistor.

FIGS. 9A to 9D illustrate an example of a structure and a manufacturing
method of a transistor.

FIGS. 10A to 10D illustrate an example of a structure and a manufacturing
method of a transistor.

FIG. 11 is a graph showing electric characteristics of a transistor.

FIG. 12 is a circuit diagram illustrating a configuration example of a pixel.

BEST MODE FOR CARRYING OUT THE INVENTION
[0015]

Embodiments of the invention disclosed herein will be described below with
reference to the drawings. Note that the invention is not limited to the following
description, and those skilled in the art can easily understand that modes and details of'
the invention can be changed in various ways without departing from the purpose and
the scope of the invention. Therefore, it should be noted that the invention should not
be interpreted as being limited to the following description of the embodiments.

[0016]
[Embodiment 1]

FIG. 1 is a plan view illustrating a structural example of a pixel in a display
device. The display device includes source signal lines 10 and 20, a gate signal line 30,
a transistor 40, a storage capacitor 50, a capacitor line 60, and a pixel electrode 70.
[0017]

In the display device, a plurality of signal lines including the signal lines 10
and 20 are provided. In addition, a plurality of gate signal lines including the gate
signal line 30 are provided in matrix with respect to the source signal lines.

[0018]

The transistor 40 serving as a switching element is provided near an
intersection portion of the source signal line 10 and the gate signal line 30. The
storage capacitor 50 and the capacitor line 60 are provided adjacent to the transistor 40.

[0019]
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The pixel electrode 70 is formed so that the edge portions thereof overlap with
the edge portions of a pair of the adjacent source signal lines 10 and 20 and the edge
portions of a pair of the adjacent gate signal lines 30.

[0020]

. The transistor 40 is a transistor including an oxide semiconductor. The
off-state current of the transistor 40 can be set to 100 [aA] or less, preferably 1 [aA] or
less, and more preferably 10 [zA] or less by using intrinsic or substantially intrinsic
oxide semiconductor. Note that the above values are obtained in the case where the
channel width W of the transistor 40 is set to 1 [um] and measurement is performed at
room temperature.

[0021]

In the pixel of the display device, which is illustrated in FIG. 1, an off-state
current i of the transistor 40, an electrostatic capacitance C of the storage capacitor 50, a
voltage fluctuation ¥V, and a holding time T satisfies the relation of CV' =iT. Therefore,
the voltage fluctuation ¥ when the transistor 40 is off can be reduced by decreasing the

off-state current { of the transistor 40.

[0022]

Specifically, in the case where the off-state current i of the transistor 40 is 1
[aA], the electrostatic capacitance C of the storage capacitor 50 is 0.1 [pF], and one
frame period T is 16.6 [ms], the voltage fluctuation V' of the pixel due to the off-state
current of the transistor 40 is 16.6 x 10~ [mV] because the product of the electrostatic
capacitance and the voltage fluctuation is equal to the product of the off-state current
and the holding time.

[0023]

It is assumed that the display device has 256 (= 28) gray scales and the
maximum driving voltage of a liquid crystal element of the pixel is 5 [V]. In this case,
the grayscale voltage for 1 gray scale is approximately 20 [mV]. In other words, the
voltage fluctuation V of the pixel = 16.6 x 107 [mV] which is obtained here is
extremely small for the grayscale voltage for approximately 1 gray scale.

[0024]

In addition, even in the case where the gray scale level of the display device is



10

15

20

25

30

WO 2011/077916 6 PCT/JP2010/071522

further increased, the voltage fluctuation V of the pixel is extremely small as compared
to the grayscale voltage. In other words, the voltage fluctuation of the pixel due to the
off-state current of the transistor 40 can be considered substantially zero.

[0025]

Subsequently, the voltage fluctuation V of the pixel due to leakage current of
the liquid crystal element in the display device is considered. In general, the leakage
current of a liquid crystal element is approximately 1 [fA]; therefore, the voltage
fluctuation V is calculated to be 0.166 [mV] with this value. This value means that the
voltage fluctuation V is adversely affected when the gray scale level of the display
device reaches up to approximately 30000 gray scales. Therefore, the leakage current
does not cause any problem in a normal liquid crystal element.

[0026]

Since the pixel electrode in the display device overlaps with the signal lines
such as the source signal line and the gate signal line, parasitic capacitance is generated
between the pixel electrode and these signal lines and thus, in some cases, the potential
of the pixel electrode varies due to capacitance coupling by the parasitic capacitance.
[0027]

In general, as the positional relation of a pixel electrode, a source signal line,
and a gate signal line in a display device, the gate éignal line, the source signal line, and
the pixel electrode are provided in this order over a substrate. Therefore, the distance
between the source signal line and the pixel electrode is shorter than the distance
between the gate signal line and the pixel electrode. Moreover, the shape of the pixel
is a rectangle having a length in the direction of the source signal line; therefore, the
area of the pixel electrode overlapping with the source signal line is larger than the area
of the pixel electrode overlapping with the gate signal line. Consequently, the parasitic
capacitance between the source signal line and the pixel electrode is larger than the
parasitic capacitance between the gate signal line and the pixel electrode. Thus, as for
the effect of the parasitic capacitance, the parasitic capacitance generated between the
source signal line and the pixel electrode may be considered.

[0028]
An AC driving in which AC voltage is applied for driving is performed in a

display device including a liquid crystal element in order to prevent deterioration of a
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liquid crystal material. FIGS. 2A to 2D are schematic views each illustrating an
inversion mode of a pixel. Each of the inversion modes illustrated in FIGS. 2A to 2D
operates so that the states shown in the right and the left are inverted.

[0029]

FIG. 2A illustrates a frame inversion driving mode. In the frame inversion
driving mode, all sub-pixels in each frame are inverted. Note that the frame inversion
driving method is not used in general because of flickers. FIG. 2B illustrates a
gate-line inversion driving mode. In the gate-line inversion driving mode, in each
frame, all positive electrodes and negative electrodes in sub-pixels in a row direction are
inverted. FIG. 2C illustrates a source-line inversion driving mode. In the source-line
inversion driving mode, in each frame, all positive electrodes and negative electrodes in
sub-pixels in a column direction are inverted. FIG. 2D illustrates a dot inversion
driving mode. In the dot inversion driving mode, in each frame, all positive electrodes
and negative electrodes in alternate sub-pixels are inverted.

[0030]

In the pixel illustrated in FIG. 1, parasitic capacitance is generated by overlap
of the source signal lines 10 and 20 and the pixel electrode 70. When the gate-line
inversion driving mode or the dot inversion driving mode is employed, data is inverted
in every gate signal lines 30; therefore, signals inputted into the source signal lines 10
and 20 are inverted in every gate line period (approximately 30 ps). Accordingly,
although the pixel electrode 70 is affected by the parasitic capacitance, the affect is not
recognized by human eyes because of high frequency.

[0031]

On the other hand, in the case of the source-line inversion driving mode, the
signals inputted into the source signal lines 10 and 20 are inverted in every frame period
(approximately 16 ms). Accordingly, the pixel electrode 70 is affected by the parasitic
capacitance in such a degree that the affect is recognized by human eyes.

[0032]

The description below will be made with the premise of the source-line
inversion driving mode.
[0033]

In a plan view of a pixel illustrated in FIG. 5, a pixel electrode 70 and a source
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signal line 10 does not overlap with each other near a transistor 40. Consequently, the
area of the pixel electrode 70 overlapping with a source signal line 20 is larger than the
area of the pixel electrode 70 overlapping with the source signal line 10. In other
words, the parasitic capacitance between the source signal line 20 and the pixel
electrode 70 is larger than the parasitic capacitance between the source signal line 10
and the pixel electrode 70.

[0034]

FIG. 3 is a circuit diagram illustrating parasitic capacitance which is generated
by overlap of the source signal lines 10 and 20 and the pixel electrode 70. In FIG. 3, a
parasitic capacitance 51 represents the parasitic capacitance which is generated by
overlap of the source signal line 10 and the pixel electrode 70. In addition, a parasitic
capacitance 52 represents the parasitic capacitance which is generated by overlap of the
source signal line 20 and the pixel electrode 70.

[0035]

In FIG. 3, the capacitance value of a storage capacitor 50 is denoted by Csp; the
capacitance value of the parasitic capacitance 51, Cs;; and the capacitance value of the
parasitic capacitance 52, Cs>. In addition, the amplitude of the source signal line 10 is
denoted by V7o, and the amplitude of the source signal line 20 is denoted by V2. In
this case, the value of the amplitude AV that occurs in the pixel electrode 70 is
expressed in Formula (1).

[FORMULA 1]

C C
AV = 51 I/l() _ 52 o "
CSO + C‘51 + C52 CSO + C51 + C52

[0036]

Here, as long as the amplitude of the source signal line 10 and the amplitude of
the source signal line 20 are equal to be V19 = Vg, the Formula (1) can be altered to
Formula (2).

[FORMULA 2]

Vio
Cy +C5, +Cy, @)

AV = (C51 - Csz)
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[0037]

According to Formula (2), as long as the capacitance value of the parasitic
capacitance 51 and the capacitance value of the parasitic capacitance 52 are equal to be
Cs; = Csy, the amplitude AV that occurs in the pixel electrode 70 is 0. Therefore, the
drop in gray scale due to the amplitude AV that occurs in the pixel electrode 70 can be
prevented; therefore, multi-gray scale display can be realized.

[0038]

In order to equalize the capacitance value of the parasitic capacitance 51 and
the capacitance value of the parasitic capacitance 52, in FIG 1, a region 80 in the pixel
electrode 70 overlapping with the source signal line 20 is shaved so that the overlapped
area is adjusted, i.e. the area of the pixel electrode 70 overlapping with the source signal
line 10 and the area of the pixel electrode 70 overlapping with the source signal line 20
become equal. Note that these areas are not necessarily strictly the same. For example, a
difference in area of about 10 % is acceptable. A difference within 5% is more
preferable.

[0039]

Accordingly, the parasitic capacitance which is generated by overlap of the
source signal line 10 and the pixel electrode 70 and the parasitic capacitance which is
generated by overlap of the source signal line 20 and the pixel electrode 70 become
equal. As a result, display defect such as crosstalk can be prevented.

[0040]

When the area of the pixel electrode 70 overlapping with the source signal line
10 and the area of the pixel electrode 70 overlapping with the source signal line 20
become equal, the position of the region 80 is not limited to that illustrated in FIG. 1.
For example, the positions may be those illustrated in FIG. 4. In order to equalize the
area of the pixel electrode 70 overlapping with the source signal line 10 and the area of
the pixel electrode 70 overlapping with the source signal line 20, a plurality of regions
80 may be formed. In particular, with the position of the region 80, which is illustrated
in FIG. 1, the position is symmetric with respect to the position where the source signal
line 10 and the pixel electrode 70 do not overlap with each other; therefore, display

unevenness or the like can be effectively prevented.
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[0041]

Next, an oxide semiconductor which is used for the transistor 40 is described in
detail.
[0042]

Impurities such as hydrogen, moisture, hydroxyl, or hydroxide (also referred to
as a hydrogen compound) which are thought to act as donors are intentionally removed
from the oxide semiconductor which is used for the transistor 40, and then oxygen
which is simultaneously reduced in the step of removing these impurities is supplied to
the oxide semiconductor which is used for the transistor 40. Therefore, the oxide
semiconductor which is used for the transistor 40 is highly purified and becomes
electrically i-type (intrinsic). This is in order to suppress the fluctuations of electric
characteristics of the transistor 40.

[0043]

Hydrogen contained in the oxide semiconductor is removed as much as
possible; thus, the carrier density of the oxide semiconductor is less than 1 x 1014/crn3,
preferably less than 1 x 10"%/cm’, and more preferably less than 1 x 10"%cm’.

[0044]

In an oxide semiconductor which is a wide band gap semiconductor, the
density of the minority carrier is low and the minority carrier is difficult to be induced.
Thus, it can be said that, in the transistor including an oxide semiconductor, tunnel
current is difficult to be generated; consequently, off-state current is difficult to flow.
[0045]

Additionally, since an oxide semiconductor is a wide band gap semiconductor,
impact ionization and avalanche breakdown are difficult to occur in the transistor
including an oxide semiconductor. Therefore, it can be said that the transistor
including an oxide semiconductor has resistance to hot carrier deterioration. This is
because hot carrier deterioration is mainly caused by an increase in the number of
carriers due to avalanche breakdown and by injection of the carriers accelerated to high
speed to the gate insulating film.

[0046]

Note that in this specification, an off-state current refers to a current that flows
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between a source and a drain of an n-channel transistor whose threshold voltage Vi, is
positive when an arbitrary gate voltage in the range of —20 [V] to —5 [V] inclusive is
applied at room temperature. Note that the room temperature refers to a temperature
of 15 °C to 25 °C inclusive.

[0047]

In the transistor 40 including an oxide semiconductor which is disclosed in this
specification, an off-state current value per channel width W= 1 [um] is 100 [aA/um] or
less, preferably 1 [aA/um] or less, and more preferably 10 [zA/um] or less at room
temperature. |
[0048]

As described above, a transistor whose off-state current value is extremely
small can be provided with the use of an oxide semiconductor which is highly purified
and becomes electrically i-type (intrinsic). Measurement results of off-state current
characteristics which are obtained by manufacturing an evaluation element (also
referred to as TEG) are described below.

[0049]

As the TEG which is manufactured, 200 transistors each having L/W = 3 [um] /
50 [um] (film thickness d: 30 [nm]) are connected in parallel, so that a transistor having
L/W =3 [um] / 10000 [um] is provided.

[0050]

FIG. 11 is a graph showing a conduction property [log (/3)-V;] of the transistor
provided for the TEG. In the graph, the horizontal axis represents the level of gate
voltage V, [V], and the vertical axis represents the amount of drain current /4 [A].
Note that the substrate temperature is room temperature, and a voltage V4 between a
source and a drain is either 1 [V] (a dashed line in the graph) or 10 [V] (a solid line in
the graph). At this time, transfer characteristics of source-drain current Iy were
measured by changing voltages V, between the source and a gate from -20 [V] to +5
[V].

[0051]

As shown in FIG. 11, in the transistor whose channel width W is 10000 [um],

an off-state current is 1 x 107> [A] or less when Vj is either 1 [V] or 10 [V]. This is
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less than or equal to the resolution (100 fA) of a measurement device (a semiconductor

| parameter analyzer, Agilent 4156C manufactured by Agilent Technologies Inc.). This

off-state current value per channel width 1 [um] corresponds to 10 [aA/pum].
[0052]
[Embodiment 2]

In this embodiment, an example of a structure of a transistor including an
intrinsic or substantially intrinsic oxide semiconductor and an example of a
manufacturing method thereof will be described.

[0053]

An example of a plan structure and an example of a cross-sectional structure of
a transistor are respectively illustrated in FIGS. 6A and 6B. FIG. 6A is a plan view of a
top-gate transistor, and FIG. 6B is a cross-sectional view taken along line C1-C2 of FIG
6A.

[0054]

A transistor 410 includes, over a substrate 400, an insulating layer 407, an
oxide semiconductor layer 412, a first electrode (one of a source electrode and a drain
electrode) 415a, a second electrode (the other of the source electrode and the drain
electrode) 415b, a gate insulating layer 402, and a gate electrode 411. A first wiring
layer 414a and a second wiring layer 414b are provided in contact with and electrically
connected to the first electrode 415a and the second electrode 415b, respectively.

[0055]

Note that although the transistor 410 in FIG. 6A has a single-gate structure, the
present invention is not limited to this structure. The transistor may have a multi-gate
structure which includes a plurality of gate electrodes and a plurality of channel
formation regions.

[0056]

Next, a manufacturing method of the transistor 410 will be described with
reference to FIGS. 7A to 7E.
[0057]

First, the insulating layer 407 serving as a base film is formed over the
substrate 400.

[0058]
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It is necessary that the substrate 400 have at least heat resistance high enough
to withstand heat treatment performed later. When the temperature of the heat
treatment performed later is high, a substrate having a strain point of 730 °C or higher is
preferably used.

[0059]

As the insulating layer 407, an oxide insulating layer such as a silicon oxide
layer, a silicon oxynitride layer, an aluminum oxide layer, or an aluminum oxynitride
layer is used. The insulating layer 407 can be formed with a plasma CVD method, a
sputtering method, or the like. In order to prevent the insulating layer 407 from
containing a large amount of hydrogen, the insulating layer 407 is preferably formed
with a sputtering method. In this embodiment, a silicon oxide layer is formed as the
insulating layer 407 with a sputtering method. Specifically, the substrate 400 is
transferred to a process chamber and a sputtering gas which contains high-purity
oxygen and from which hydrogen and moisture have been removed is introduced, and a
target of silicon or silicon oxide is used, whereby a silicon oxide layer is formed as the
insulating layer 407 over the substrate 400. Note that the substrate 400 may be kept at
room temperature or may be heated during film formation.

[0060]

A specific example of a film formation condition for a silicon oxide film is as
follows: quartz (preferably, synthetic quartz) is used as the target; the substrate
temperature is 108 °C; the distance between a target and the substrate 400 (T-S distance)
is 60 mm; the pressure is 0.4 Pa; the high-frequency power source is 1.5 kW; the
atmosphere is a mixed atmosphere of oxygen and argon (the flow rate ratio of oxygen to
argon is 25 sccm: 25 sccm); and an RF sputtering method is used. The thickness of the
silicon oxide film is 100 nm. Note that a silicon target may be used as the target
instead of the quartz (preferably, synthetic quartz) target. Further, an oxygen gas may
be used as a sputtering gas instead of a mixed gas of oxygen and argon. Here, a
sputtering gas for forming the insulating layer 407 is a high-purity gas in which
impurities such as hydrogen, water, hydroxyl, or hydride are reduced to such a level that
the concentration thereof can be expressed by ppm, preferably ppb.

[0061]
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In addition, it is preferable that hydrogen, water, hydroxyl, hydroxide, or the
like be not contained in the insulating layer 407 by forming the insulating layer 407
while moisture remaining in the process chamber is removed.

[0062]

In order to remove moisture remaining in the process chamber, an entrapment
vacuum pump may be used. For exémple, a cryopump, an ion pump, or a titanium
sublimation pump can be used. Further, as an evacuation unit, a turbo pump provided
with a cold trap is preferably used in combination. A film formation chamber which is
evacuated with a cryopump is preferable because a hydrogen atom, a compound
including a hydrogen atom such as water (H,0), or the like is removed from the
chamber and thus hydrogen atoms are hardly included in the insulating layer 407
formed in the film formation chamber.

[0063]

Examples of a sputtering method include an RF sputtering method in which a
high-frequency power source is used for a sputtering power source, a DC sputtering
method, and a pulsed DC sputtering method in which a bias is applied in a pulsed
manner. An RF sputtering method is mainly used in the case where an insulating film
is formed, and a DC sputtering method is mainly used in the case where a metal film is
formed.

[0064]

In addition, there is also a multi-source sputtering apparatus in which a
plurality of targets of different materials can be set. With the multi-source sputtering
apparatus, films of different materials can be formed to be stacked in the same chamber,
or a film of plural kinds of materials can be formed by electric discharge at the same
time in the same chamber.

[0065]

Further, a sputtering apparatus provided with a magnet system inside the
chamber and used for a magnetron sputtering method, or a sputtering apparatus used for
an ECR sputtering method in which plasma generated with the use of microwaves is
used without using glow discharge can be used.

[0066]

Further, as a film formation method using a sputtering method, there are also a
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reactive sputtering method in which a target substance and}a sputtering gas component
are chemically reacted with each other during the film formation to form a thin
compound film thereof, and a bias sputtering method in which voltage is also applied to
a substrate during the film formation.

[0067]

The structure of the insulating layer 407 is not limited to a single-layer
structure and may be a stacked structure. For example, a nitride insulating layer such
as a silicon nitride layer, a silicon nitride oxide layer, an aluminum nitride layer, or an
aluminum nitride oxide layer and the above-described oxide insulating layer may be
stacked in this order over the substrate 400.

[0068]

For example, a silicon nitride layer is formed using a silicon target by
introducing a sputtering gas which contains high-purity nitrogen and from which
hydrogen and moisture have been removed, to a space between the silicon oxide layer
and the substrate. In this case, the silicon nitride layer is preferably formed while
moisture remaining in a process chamber is removed, similarly to the silicon oxide layer.
In the formation of the silicon nitride layer, the substrate may also be heated during the
film formation.

[0069]

Next, an oxide semiconductor layer is formed over the insulating layer 407
with a sputtering method. Note that the substrate 400 over which the insulating layer
407 has been formed is preferably preheated before the formation of the oxide
semiconductor layer. Through this preheating, impurities such as hydrogen or
moisture adsorbed on the substrate 400 are eliminated and removed. This is in order to
prevent the oxide semiconductor layer from containing hydrogen, moisture, and
hydroxyl as much as possible.

[0070]

Note that before the formation of the oxide semiconductor layer with a
sputtering method, dust attached to a surface of the insulating layer 407 is preferably
removed by reverse sputtering. The reverse sputtering refers to a method in which a
high-frequency power source is used for application of voltage to a substrate side under

an argon atmosphere in order to generate plasma in the vicinity of the substrate to
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modify a surface. At that time, voltage is not applied to a target side.
[0071]

As a target for forming an oxide semiconductor, a metal oxide target containing
zinc oxide as its main component can be used. For example, a target having a
composition ratio of In,O3: Ga;03: ZnO = 1:1:1 [molar ratio] or the like can be used.
Alternatively, a metal oxide target having a composition ratio of In,O3: Ga;03: ZnO =
1:1:2 [molar ratio] or In;O3: Ga;03: ZnO = 1:1:4 [molar ratio] can be used. Further, a
metal oxide target which includes SiO; at 2 wt% to 10 wt% inclusive can be used. The
fill rate of the oxide semiconductor target may be 90 % to 100 % inclusive, preferably
95 % to 99.9 % inclusive. With the use of the oxide semiconductor target with a high
filling factor, the formed oxide semiconductor layer can have high density.

[0072]

Note that the oxide semiconductor layer may be formed under a rare gas
(typically, argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of a rare
gas and oxygen. For film formation of the oxide semiconductor layer, a high-purity
gas in which impurities such as hydrogen, water, hydroxyl, or hydride are reduced to
such a level that the concentration thereof can be expressed by ppm, preferably ppb, is
used as a sputtering gas.

[0073]

The substrate 400 is held in a process chamber where remaining moisture is
removed and which is kept under reduced pressure, and the oxide semiconductor layer
is formed over the substrate 400 with the use of a metal oxide as a target. At the time
of the film formation, a sputtering gas from which hydrogen and moisture are removed
is introduced as a sputtering gas. In order to remove moisture remaining in the process
chamber, an entrapment vacuum pump is preferably used. For example, a cryopump,
an ion pump, or a titanjum sublimation pump is preferably used. The evacuation unit
may be a turbo pump provided with a cold trap. In the film formation chamber which
is evacuated with the cryopump, a hydrogen atom, a compound containing a hydrogen
atom, such as water (H,O), (more preferably, also a compound containing a carbon
atom), or the like is removed, whereby the concentration of an impurity contained in the

oxide semiconductor layer formed in the film formation chamber can be reduced.
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Further, the substrate temperature may be kept at room temperature or‘may be increased
to a temperature lower than 400 °C during the film formation of the oxide
semiconductor layer.

[0074]

An example of the film formation condition for the oxide semiconductor layer
is as follows: the temperature of the substrate is room temperature; the distance between
the substrate and the target is 110 mm; the pressure is 0.4 Pa; the direct current (DC)
power source is 0.5 kW; and the atmosphere is a mixed atmosphere of oxygen and
argon (the flow rate ratio of oxygen to argon is 15 sccm: 30 sccm). Note that a pulse
direct current (DC) power source is preferable because dust can be reduced and the film
thickness can be uniform. The thickness of the oxide semiconductor layer is
preferably 2 nm to 200 nm inclusive, preferably 5 nm to 30 nm inclusive. Note that an
appropriate thickness of the oxide semiconductor layer varies depending on an oxide
semiconductor material; therefore, the thickness may be determined as appropriate
depending on the material.

[0075]

Although an In-Ga-Zn-O-based oxide that is ternary metal oxide is used as the
oxide semiconductor in the given example, the following oxide semiconductors can also
be used: In-Sn-Ga-Zn-O that is quaternary metal oxide; In-Sn-Zn-O, In-Al-Zn-O,
Sn-Ga-Zn-O, Al-Ga-Zn-O, or Sn-Al-Zn-O that is ternary metal oxide; In-Zn-O,
Sn-Zn-0, Al-Zn-O, Zn-Mg-O, Sn-Mg-O, or In-Mg-O that is binary metal oxide; In-O;
Sn-O; Zn-O; and the like. The above oxide semiconductor may contain silicon.
These oxide semiconductor layers may be amorphous or crystalline. Further, these
oxide semiconductor layers may be non-single-crystal or single crystal.

[0076]

Note that as the oxide semiconductor layer, a thin film expressed by
InMO3(Zn0),, (m > 0) can also be used. Here, M represents one or more metal
elements selected from Ga, Al, Mn, and Co. For example, Ga, Ga and Al, Ga and Mn,
or Ga and Co can be given as M.

[0077]
Then, the oxide semiconductor layer is processed into the island-shaped oxide

semiconductor layer 412 through a first photolithography step (see FIG. 7A). Note that
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a resist mask for forming the island-shaped oxide semiconductor layer 412 may be
formed with an ink-jet method. Formation of the resist mask with an ink-jet method
needs no photomask; thus, manufacturing cost can be reduced.

[0078]

Note that the etching of the oxide semiconductor layer may be dry etching, wet
etching, or both wet etching and dry etching.
[0079]

In the case of dry etching, a parallel plate reactive ion etching (RIE) method or
an inductively coupled plasma (ICP) etching method can be used. In order to etch the
films into desired shapes, the etching condition (the amount of electric power applied to
a coil-shaped electrode, the amount of electric power applied to an electrode on a
substrate side, the temperature of the electrode on the substrate side, or the like) is
adjusted as appropriate.

[0080]

As an etching gés for dry etching, a gas including chlorine (a chlorine-based
gas such as chlorine (Cl;), boron trichloride (BCl;3), silicon tetrachloride (SiCls), or
carbon tetrachloride (CCly)) is preferable but a gas including fluorine (a fluorine-based
gas such as carbon tetrafluoride (CFs4), sulfur hexafluoride (SF), nitrogen trifluoride
(NF3), or trifluoromethane (CHF3)), hydrogen bromide (HBr), oxygen (O>), or the like
can also be used. Alternatively, any of these gases to which a rare gas such as helium
(He) or argon (Ar) is added can be used.

[0081]

As an etchant used for wet etching, a solution obtained by mixing phosphoric
acid, acetic acid, and nitric acid, an ammonia peroxide mixture (hydrogen peroxide
water at 31 wt%: ammonia water at 28 wt%: water = 5:2:2), or the like can be used. In
addition, ITOO7N (produced by KANTO CHEMICAL CO., INC.) may also be used.
The etching conditions (e.g., an etchant, an etching time, and a temperature) may be
adjusted as appropriate in accordance with a material of the oxide semiconductor.

[0082]

In the case of wet etching, an etchant is removed by cleaning together with the

material which is etched off. The waste liquid including the etchant and the material

etched off may be purified and the material may be reused. When a material (e.g., a
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rare metal such as indium) included in the oxide semiconductor layer is collected from
the waste liquid after the etching and reused, the resources can be efficiently used.
[0083]

In this embodiment, the oxide semiconductor layer is processed into the
island-shaped oxide semiconductor layer 412 with a wet etching method with a mixed
solution of phosphoric acid, acetic acid, and nitric acid as an etchant.

[0084]

Next, first heat treatment is performed on the oxide semiconductor layer 412.
The temperature of the first heat treatment is 400 °C to 750 °C inclusive, preferably
higher than or equal to 400 °C and less than the strain point of the substrate. Here, the
substrate is introduced into an electric furnace which is one of heat treatment
apparatuses, and heat treatment is performed on the oxide semiconductor layer at 450
°C under a nitrogen atmosphere for 1 hour. Through this first heat treatment, hydrogen,
water, hydroxyl, and the like can be removed from the oxide semiconductor layer 412.
[0085]

Note that a heat treatment apparatus is not limited to an electrical furnace, and
may include a device for heating an object to be processed by heat conduction or heat
radiation from a heating element such as a resistance heating element. For example, an
RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid thermal anneal)
apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be used. An LRTA
apparatus is an apparatus for heating an object to be processed by radiation of light (an
electromagnetic wave) emitted from a lamp such as a halogen lamp, a metal halide lamp,
a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a high pressure
mercury lamp. A GRTA apparatus is an apparatus for heat treatment using a
high-temperature gas. As the gas, an inert gas (typically, a rare gas such as argon) or a
nitrogen gas can be used.

[0086]

For example, as the first heat treatment, GRTA by which the substrate is moved
into an inert gas heated to a high temperature as high as 650 °C to 700 °C, heated for
several minutes, and moved out of the inert gas heated to the high temperature may be

performed. GRTA enables high-temperature heat treatment for a short time.
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[0087]

In the first heat treatment, it is preferable that water, hydrogen, and the like be
not contained in the atmosphere. In addition, an inert gas such as nitrogen, helium,
neon, or argon which is introduced into a heat treatment apparatus preferably has a
purity of 6N (99.9999 %) or higher, more preferably 7N (99.99999 %) or higher (that is,
the concentration of impurities is 1 ppm or lower, preferably 0.1 ppm or lower).

[0088]

Note that depending on the conditions of the first heat treatment or a material
of the oxide semiconductor layer, the oxide semiconductor layer 412 may be
crystallized to be microcrystal or a polycrystal. For example, the oxide semiconductor
layer may crystallize to become a microcrystalline oxide semiconductor layer having a
crystallinity of 80 % or more. Note that the island-shaped oxide semiconductor layer
412 may be an amorphous oxide semiconductor layer without crystallization even after
the first heat treatment. Further, the island-shaped oxide semiconductor layer 412 may
become an oxide semiconductor layer in which a microcrystalline portion (with a grain
diameter of 1 nm to 20 nm inclusive, typically 2 nm to 4 nm inclusive) is mixed into an
amorphous oxide semiconductor layer.

[0089]

The first heat treatment of the oxide semiconductor layer may be performed on
the oxide semiconductor layer before being processed into the island-shaped oxide
semiconductor layer. In that case, after the first heat treatment, the substrate is taken
out of the heat treatment apparatus and subjected to the first photolithography step.
Alternatively, the first heat treatment may be performed after the source electrode and
the drain electrode are stacked over the oxide semiconductor layer. In a similar
manner, the first heat treatment may be performed after the formation of the gate
insulating layer over the source electrode and the drain electrode.

[0090]

Although the first heat treatment is performed mainly for the purpose of
removing impurities such as hydrogen, water, and hydroxyl from the oxide
semiconductor layer, it might generate oxygen defects in the oxide semiconductor layer

during the heat treatment. Therefore, the first heat treatment is preferably followed by
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treatment for supplying oxygen. Specifically, heat treatment under an oxygen
atmosphere or a mixed atmosphere of nitrogen and oxygen (e.g., nitrogen to oxygen is 4
to 1 in volume ratio) may be performed as the treatment for supplying oxygen after the
first heat treatment, for example. Further, plasma treatment under an oxygen
atmosphere can also be employed.

[0091]

The first heat treatment has an effect of dehydration or dehydrogenation on the
oxide semiconductor layer.
[0092]

Next, a conductive film is formed over the insulating layer 407 and the oxide
semiconductor layer 412. The conductive film may be formed with a sputtering
method or a vacuum evaporation method. The conductive layer can be formed using a
metal material selected from aluminum, copper, chromium, tantalum, titanium,
molybdenum, tungsten, and yttrium; an alloy material containing any of these metal
materials as its component; a conductive metal oxide; or the like. In addition, in order
to prevent generation of hillocks or whiskers, for example, an aluminum material to
which an element such as silicon, titanium, tantalum, tungsten, molybdenum, chromium,
neodymium, scandium, or yttrium is added may also be used. In this case, heat
resistance can be improved. As the conductive metal oxide, indium oxide (In20O3), tin
oxide (Sn0), zinc oxide (ZnO), an indium oxide-tin oxide alloy (In;O3-SnO,,
abbreviated as ITO), an indium oxide-zinc oxide alloy (In;O3-ZnO), or the metal oxide
material including silicon or silicon oxide can be used.

[0093]

Further, the conductive film may have a single-layer structure or a stacked
structure of two or more layers. For example, a single-layer structure of an aluminum
film including silicon; a two-layer structure of an aluminum film and a titanium film
stacked thereover; a three-layer structure of a titanium film, an aluminum film stacked
thereover, and a titanium film stacked thereover; and the like can be given. The
conductive film may have a structure in which a metal layer of aluminum, copper, or the
like and a high-melting-point metal layer of chromium, tantalum, titanium,
molybdenum, tungsten, or the like are stacked.

[0094]
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In this embodiment, a titanium film having a thickness of 150 nm is formed as
the conductive film with a sputtering method.
[0095]

Next, through a second photolithography step, a resist mask is formed over the
conductive film, and selective etching is performed, whereby the first electrode 415a
and the second electrode 415b are formed. After that, the resist mask is removed (see
FIG. 7B). The first electrode 415a serves as one of a source electrode and a drain
electrode while the second electrode 415b serves as the other of the source electrode and
the drain electrode. Here, when the first electrode 415a and the second electrode 415b
are preferably etched so as to have tapered ends, coverage with the gate insulating layer
formed thereon will be improved. Note that resist mask for forming the first electrode
415a and the second electrode 415b may be formed with an ink-jet method. Formation
of the resist mask with an ink-jet method needs no photomask; thus, manufacturing cost
can be reduced.

[0096]

Note that in order to prevent the oxide semiconductor layer 412 from being
removed and the insulating layer 407 thereunder from being exposed at the time of the
etching of the conductive film, their materials and etching conditions of the conductive
film need to be adjusted as appropriate. Therefore, in this embodiment, an
In-Ga-Zn-O-based oxide semiconductor is used as the oxide semiconductor layer 412, a
titanium film is used as the conductive film, and an ammonium hydrogen peroxide
mixture (hydrogen peroxide water at 31 wt%: ammonia water at 28 wt%: water = 5:2:2)
is used as an etchant of the titanium film so that part of the oxide semiconductor layer
412 is not etched. However, the present invention is not limited to this structure. In
other words, part of the oxide semiconductor layer 412 may be etched through the
second photolithography step and an oxide semiconductor layer having a groove (a
depression portion) can also be formed.

[0097]

Ultraviolet, KrF laser light or ArF laser light may be used for light exposure for
forming the resist mask in the second photolithography step. A channel length L of the
transistor to be formed later depends on the width of an interval between a lower end of

the first electrode 415a and a lower end of the second electrode 415b which are adjacent
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to each other over the oxide semiconductor layer 412. Note that when light exposure
is performed in the case where the channel length L is shorter than 25 nm, extreme
ultraviolet with extremely short wavelengths of several nanometers to several tens of
nanometers is used for light exposure for forming the resist mask in the second
photolithography step. Light exposure with extreme ultraviolet leads to a high
resolution and a large depth of focus. Accordingly, the channel length L of the
transistor to be formed later can be set to 10 nm to 1000 nm inclusive. In this case, an
increase in operation speed of the transistor can be achieved, and further, a reduction in
power consumption of the transistor can be achieved due to extremely small off-state

current value.
[0098]

Then, the gate insulating layer 402 is formed over the insulating layer 407, the
oxide semiconductor layer 412, the first electrode 415a, and the second electrode 415b
(see FIG. 7C).

[0099]

The gate insulating layer 402 can be formed to have a single-layer structure or
a stacked structure including any of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and an aluminum oxide layer with a
plasma CVD method, a sputtering method, or the like.

[0100]

The gate insulating layer 402 is preferably formed in such a manner that
hydrogen is not included therein. Thus, the gate insulating layer 402 is preferably
formed with a sputtering method, in which hydrogen can be reduced as much as
possible in an atmosphere during the film formation. In the case where a silicon oxide
film is formed with a sputtering method, a silicon target or a quartz target is used as a
target, and oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.
[0101]

The gate insulating layer 402 can have a structure in which a silicon oxide layer
and a silicon nitride layer are stacked in this order over the substrate 400. For example,
a silicon oxide layer (SiO; (x > 0)) having a thickness of 5 nm to 300 nm inclusive may
be formed as a first gate insulating layer and a silicon nitride layer (SiN, (y > 0)) having

a thickness of 50 nm to 200 nm inclusive may be formed as a second gate insulating
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layer over the first gate insulating layer to provide a gate insulating layer having a
thickness of 100 nm. In this embodiment, a silicon oxide layer having a thickness of
100 nm is formed with an RF sputtering method under a pressure of 0.4 Pa, a
high-frequency power source of 1.5 kW, and a mixed atmosphere of oxygen and argon
(the flow ratio of oxygen to argon is 1:1 (each flow rate is 25 sccm)).

[0102]

Next, through a third photolithography step, a resist mask is formed, and
selective etching is performed to remove part of the gate insulating layer 402, whereby
openings 421a and 421b reaching the first electrode 415a and the second electrode 415b
are formed (see FIG. 7D). Note that the formation of the resist mask with an ink-jet
method needs no photomask; thus, manufacturing cost can be reduced.

[0103]

Then, after the formation of a conductive film over the gate insulating layer
402 and in the openings 421a and 421b, the gate electrode 411, the first wiring layer
414a, and the second wiring layer 414b are formed through a fourth photolithography
step.

[0104]

The gate electrode 411, the first wiring layer 414a, and the second wiring layer
414b can be formed to have a single-layer structure or a stacked structure using a metal
material such as molybdenum, titanium, chromium, tantalum, tungsten, aluminum,
copper, neodymium, or scandium, or an alloy material containing any of these materials
as its main component. Specific examples of a two-layer structure of the gate
electrode 411, the first wiring layer 414a, and the second wiring layer 414b include a
structure including an aluminum layer and a molybdenum layer thereover, a structure
including a copper layer and a molybdenum layer thereover, a structure including a
copper layer and a titanium nitride layer or a tantalum nitride layer thereover, and a
structure including a titanium nitride layer and a molybdenum layer thereover.
Specific examples of a three-layer structure includes a structure in which a tungsten
layer or a tungsten nitride layer, an alloy layer of aluminum and silicon or an alloy layer
of aluminum and titanium, and a titanium nitride layer or a titanium layer are stacked.
A light-transmitting conductive film may also be used for forming the gate electrode.

As a light-transmitting conductive film, a film of a light-transmitting conductive oxide
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can be specifically given.
[0105]

In this embodiment, as the gate electrode 411, the first wiring layer 414a, and
the second wiring layer 414b, a titanium film having a thickness of 150 nm is formed
with a sputtering method.

[0106]

Next, second heat treatment (preferably at 200 °C to 400 °C inclusive, for
example, 250 °C to 350 °C inclusive) is performed under an inert gas atmosphere or an
oxygen gas atmosphere. In this embodiment, the second heat treatment is performed at
250 °C under a nitrogen atmosphere for 1 hour. Note that the second heat treatment
may be performed after the formation of a protective insulating layer or a planarization
insulating layer over the transistor 410.

[0107]

Heat treatment may be further performed at 100 °C to 200 °C inclusive in air
for 1 hour to 30 hours inclusive. This heat treatment may be performed at a fixed
heating temperature or the temperature may be increased from room temperature to a
heating temperature of 100 °C to 200 °C inclusive and decreased from the heating
temperature to room temperature, plural times repeatedly. Further, this heat treatment
may be performed under reduced pressure before the formation of the protective
insulating layer or the planarization insulating layer. Under reduced pressure, the
heating time can be shortened, which is preferable.

[0108]

Through the above process, the transistor 410 including the high-purity oxide
semiconductor layer 412 in which the concentration of hydrogen, moisture, hydride, or
hydroxide is reduced can be formed (see FIG. 7E). The transistor 410 can be used for
the transistor described in Embodiment 1, for example.

[0109]

In addition, a protective insulating layer or a planarization insulating layer for
planarization may be formed over the transistor 410. The protective insulating layer
can be formed to have a single-layer structure or a stacked structure including any of a

silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, a silicon nitride
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oxide layer, and an aluminum oxide layer. The planarization insulating layer can be
formed using an organic material having heat resistance, such as polyimide, acrylic,
benzocyclobutene, polyamide, or epoxy. As an alternative to such organic materials, it
is also possible to use a low-dielectric constant material (a low-k material), a
siloxane-based resin, phosphosilicate glass (PSG), borophosphosilicate glass (BPSG), or
the like. The planarization insulating layer may be formed by stacking a plurality of
insulating films formed using any of these materials.

[0110]

Here, the siloxane-based resin corresponds to a resin including a Si-O-Si bond
which is formed using a siloxane-based material as a starting material. The
siloxane-based resin may include an organic group (e.g., an alkyl group or an aryl
group) or a fluoro group as a substituent. Moreover, the organic group may include a
fluoro group.

[0111]

There is no particular limitation on the method for forming the planarization
insulating layer, and any of the following can be employed, which depends on the
material: a method such as a sputtering method, an SOG method, a spin coating method,
a dipping method, a spray coating method, or a droplet discharge method (e.g., an
ink-jet method, screen printing, or offset printing), or a tool such as a doctor knife, a roll
coater, a curtain coater, or a knife coater.

[0112]

As described above, by removing moisture remaining in the reaction
atmosphere at the time of forming the oxide semiconductor layer, the concentration of
hydrogen and hydride in the oxide semiconductor layer can be reduced.

[0113]

As described above, a transistor including an intrinsic or substantially intrinsic
oxide semiconductor can be manufactured.
[0114]

[Embodiment 3]

In this embodiment, another example of a structure of a transistor including an

intrinsic or substantially intrinsic oxide semiconductor and another example of a

manufacturing method thereof will be described.
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[0115]

FIGS. 8A to 8E illustrate an example of a structure and a manufacturing
method of a transistor. A transistor 390 illustrated in FIG. 8E is one type of a bottom
gate structure and is also referred to as an inverted staggered transistor. The transistor
390 can be used for the transistor described in Embodiment 1, for example. Note that
although the transistor 390 has a single-gate structure, the present invention is not
limited to this structure. The transistor may have a multi-gate structure which includes
a plurality of gate electrodes and a plurality of channel formation regions.

[0116]

A manufacturing method of the transistor 390 over a substrate 394 will be
described below with reference to FIGS. 8A to 8E.
[0117]

First, a conductive film is formed over the substrate 394, and then, a gate
electrode 391 is formed through a first photolithography step. It is preferable that an
end portion of the formed gate electrode be tapered because coverage with a gate

insulating layer formed thereover is improved. Note that a resist mask may be formed

_ with an ink-jet method. Formation of the resist mask with an ink-jet method needs no

photomask; thus, manufacturing cost can be reduced.
[0118]

For the material of the substrate 394, a material similar to that of the substrate
400 described in the above embodiment can be employed. For the material and the
formation method of the gate electrode 391, a material and a method similar to those of
the gate electrode 411 described in the above embodiment can be employed.

[0119]

Note that an insulating film serving as a base film may be provided between
the substrate 394 and the gate electrode 391. The base film has a function of
preventing diffusion of an impurity element from the substrate 394, and can be formed
to have a single-layer structure or a stacked structure including one of more of a silicon
nitride film, a silicon oxide film, a silicon nitride oxide film, and a silicon oxynitride
film.

[0120]

Then, a gate insulating layer 397 is formed over the gate electrode 391.
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[0121]

The gate insulating layer 397 can be formed to have a single-layer structure or
a stacked structure including any of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and an aluminum oxide layer with a
plasma CVD method, a sputtering method, or the like. Note that in order to prevent
the gate insulating layer 397 from containing a large amount of hydrogen, the gate
insulating layer 397 is preferably formed with a sputtering method. In the case where
a silicon oxide film is formed with a sputtering method, a silicon target or a quartz target
is used as a target, and oxygen or a mixed gas of oxygen and argon is used as a
sputtering gas.

[0122]

The gate insulating layer 397 can have a structure in which a silicon nitride
layer and a silicon oxide layer are stacked in this order over the gate electrode 391.
For example, a silicon nitride layer (SiN, (y > 0)) having a thickness of 50 nm to 200
nm inclusive may be formed with a sputtering method as a first gate insulating layer and
a silicon oxide layer (SiO; (x > 0)) having a thickness of 5 nm to 300 nm inclusive may
be formed as a second gate insulating layer over the first gate insulating layer to provide
a gate insulating layer having a thickness of 100 nm.

[0123]

Next, over the gate insulating layer 397, an oxide semiconductor layer 393 is
formed to a thickness of 2 nm to 200 nm inclusive, preferably 5 nm to 30 nm inclusive
(see FIG. 8A).

[0124]

Here, for the material and the formation method of the oxide semiconductor
layer 393, a material and a method similar to those of the oxide semiconductor layer
(the island-shaped oxide semiconductor layer 412) described in the above embodiment
can be employed.

[0125]

An example of the film formation condition for the oxide semiconductor layer

393 is as follows: the distance between the substrate and the target is 100 mm; the

pressure is 0.6 Pa; the direct current (DC) power source is 0.5 kW; the atmosphere is
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oxygen (the proportion of the oxygen flow is 100 %); and a sputtering method is used.
Note that a pulse direct current (DC) power source is preferable because dust can be
reduced and the film thickness can be uniform. The thickness of the oxide
semiconductor layer 393 is preferably 2 nm to 200 nm inclusive, preferably 5 nm to 30
nm inclusive. Note that an appropriate thickness of the oxide semiconductor layer 393
varies depending on an oxide semiconductor material; therefore, the thickness may be
determined as appropriate depending on the material.

[0126]

Note that before the formation of the oxide semiconductor layer 393, dust
attached to a surface of the gate insulating layer 397 is preferably removed by reverse
sputtering in which an argon gas is introduced and plasma is generated.

[0127]

In order that as little hydrogen, hydroxyl, and moisture as possible are
contained in the gate insulating layer 397 and the oxide semiconductor layer 393, it is
preferable that the substrate 394 over which the gate electrode 391 is formed or the
substrate 394 over which the gate electrode 391 and the gate insulating layer 397 are
formed be preheated in a preheating chamber of a sputtering apparatus as pretreatment
for film formation so that impurities such as hydrogen or moisture adsorbed on the
substrate 394 are eliminated and removed. The temperature of the preheating may be
100 °C to 400 °C inclusive, preferably 150 °C to 300 °C inclusive. As an evacuation
unit, a cryopump is preferably provided in the preheating chamber. Further, this
preheating may be similarly performed on the substrate 394 over which the gate
electrode 391, the gate insulating layer 397, an oxide semiconductor layer 399, a first
electrode 395a, and a second electrode 395b are formed, before the formation of a
protective insulating layer 396.

[0128]

Then, the oxide semiconductor layer is processed into the island-shaped oxide
semiconductor layer 399 through a second photolithography step (see FIG. 8B). Note
that for the process method of the island-shaped oxide semiconductor layer 399, a
process method similar to that of the island-shaped oxide semiconductor layer 412

described in the above embodiment can be employed.
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[0129]

Note that before the formation of a conductive film in the subsequent step,
reverse sputtering is preferably performed so that a resist residue or the like attached to
surfaces of the oxide semiconductor layer 399 and the gate insulating layer 397 is
removed.

[0130]

Then, a conductive film is formed over the gate insulating layer 397 and the
oxide semiconductor layer 399. The conductive film may be formed with a sputtering
method, a vacuum evaporation method, or the like. As a material of the conductive
film, an element selected from aluminum, chromium, copper, tantalum, titanium,
molybdenum, and tungsten; an alloy containing any of these elements as its component;
an alloy containing any of these elements in combination; or the like can be used.
Moreover, one or more materials selected from manganese, magnesium, zirconium,
beryllium, and yttrium may be included. Further, a light-transmitting conductive film
may be used. As a light-transmitting conductive film, a film of a light-transmitting
conductive oxide can be specifically given.

[0131]

Further, the conductive film may have a single-layer structure or a stacked
structure of two or more layers. For example, a single-layer structure of an aluminum
film including silicon; a two-layer structure of an aluminum film and a titanijum film
stacked thereover; a three-layer structure of a titanium film, an aluminum film stacked
thereover, and a titanium film stacked thereover; and the like can be given.

[0132]

Then, through a third photolithography step, a resist mask is formed over the
conductive film, and selective etching is performed, whereby the first electrode 395a
and the second electrode 395b are formed. After that, the resist mask is removed (see
FIG. 8C). Here, in order to prevent the oxide semiconductor layer 399 from being
removed and the insulating layer 397 thereunder from being exposed at the time of the
etching of the conductive film, their materials and etching conditions of the conductive
film need to be adjusted as appropriate. Therefore, in this embodiment, an
In-Ga-Zn-0-based oxide semiconductor is used as the oxide semiconductor layer 399, a

titanium film is used as the conductive film, and an ammonium hydrogen peroxide
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mixture (hydrogen peroxide water at 31 wt%: ammonia water at 28 wt%: water = 5:2:2)
is used as an etchant of the titanium film so that part of the oxide semiconductor layer
399 is not etched. However, the present invention is not limited to this structure. In
other words, part of the oxide semiconductor layer 399 may be etched through the third
photolithography step and an oxide semiconductor layer having a groove (a depression
portion) can also be formed.

[0133]

Ultraviolet, KrF laser light or ArF laser light may be used for light exposure for
forming the resist mask in the third photolithography step. A channel length L of the
transistor to be formed later depends on the width of an interval between a lower end of
the first electrode 395a and a lower end of the second electrode 395b which are adjacent
to each other over the oxide semiconductor layer 399. Note that when light exposure
is performed in the case where the channel length L is shorter than 25 nm, extreme
ultraviolet with extremely short wavelengths of several nanometers to several tens of
nanometers is used for light exposure for forming the resist mask in the third
photolithography step. Light exposure with extreme ultraviolet leads to a high
resolution and a large depth of focus. Accordingly, the channel length L of the
transistor to be formed later can be set to 10 nm to 1000 nm inclusive. In this case, an
increase in operation speed of the transistor can be achieved, and further, a reduction in
power consumption of the transistor can be achieved due to extremely small off-state
current value.

[0134]

In order to reduce the number of photomasks and steps in the photolithography
step, an etching step may be performed with the use of a resist mask formed using a
multi-tone mask which is a light-exposure mask through which light is transmitted so as
to have a plurality of intensities. A resist mask formed using a multi-tone mask has a
plurality of thicknesses and further can be changed in shape by etching; therefore, the
resist mask can be used in a plurality of etching steps for processing into different
patterns. Therefore, a resist mask corresponding to at least two kinds of different
patterns can be formed by one multi-tone mask. Thus, the number of light-exposure
masks can be reduced and the number of corresponding photolithography steps can be

also reduced, whereby simplification of a process can be realized.
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[0135]

After the formation of the first electrode 395a and the second electrode 395b by
the above etching, plasma treatment using a gas such as N>O, N, or Ar may be
performed to remove water or the like adsorbed on an exposed surface of the oxide
semiconductor layer 399. Plasma treatment may be performed using a mixture gas of
oxygen and argon as well. In this embodiment, either plasma treatment described
above is performed.

[0136]

Then, after the plasma treatment, a protective insulating layer 396 which is in
contact with the exposed oxide semiconductor layer 399, the first electrode 395a, and
the second electrode 395b is formed without exposure to air (see FIG. 8D). At this
time, it is preferable that the protective insulating layer 396 be formed while moisture
remaining in the process chamber is removed so that the oxide semiconductor layer 399
and the protective insulating layer 396 can be prevented from including hydrogen,

hydroxyl, or moisture. In order to remove moisture remaining in the process chamber,

_an entrapment vacuum pump is preferably used. For example, a cryopump, an ion

pump, or a titanium sublimation pump is preferably used. The evacuation unit may be
a turbo pump provided with a cold trap. In the film formation chamber which is
evacuated with the cryopump, a hydrogen atom, a compound containing a hydrogen
atom, such as water (H,0), or the like is removed, whereby the concentration of an
impurity contained in the protective insulating layer 396 formed in the film formation
chamber can be reduced.

[0137]

In this embodiment, an oxide insulating layer is formed as the protective
insulating layer 396. For the formation of the protective insulating layer 396, the
substrate 394 over which the island-shaped oxide semiconductor layer 399, the first
electrode 395a, and the second electrode 395b are formed is kept at room temperature or
heated to a temperature lower than 100 °C, a sputtering gas which contains high-purity
oxygen and from which hydrogen and moisture have been removed is introduced, and a
silicon semiconductor target is used, whereby a silicon oxide layer is formed. Note
that instead of a silicon oxide layer, a silicon oxynitride layer, an aluminum oxide layer,

an aluminum oxynitride layer, or the like can be used as the oxide insulating layer.
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[0138]

An example of the film formation condition for the above silicon oxide layer is
as follows: a boron-doped silicon target which has a purity of 6N (the resistivity is 0.01
Qcm) is used; the distance between the substrate and the target (T-S distance) is 89 mm;
the pressure is 0.4 Pa; the direct-current (DC) power source is 6 kW; the atmosphere is
oxygen (the proportion of the oxygen flow is 100 %); and a pulse DC sputtering method
is used. The thickness of the silicon oxide layer is 300 nm. Note that instead of the
silicon target, quartz (preferably, synthetic quartz) can also be used. As a sputtering
gas, an oxygen gas or a mixed gas of oxygen and argon may be used.

[0139]

Further, heat treatment is preferably performed at 100 °C to 400 °C while the
protective insulating layer 396 and the oxide semiconductor layer 399 are in contact
with each other. The oxide insulating layer 396 in this embodiment contains a large
number of defects; therefore, with this heat treatment, impurities such as hydrogen,
moisture, hydroxyl, or hydride contained in the oxide semiconductor layer 399 can be
diffused into the protective insulating layer 396, so that the impurities contained in the
oxide semiconductor layer 399 can be further reduced.

[0140]

Through the above process, the transistor 390 including an oxide
semiconductor layer 392 in which the concentration of hydrogen, moisture, hydroxyl, or
hydride is reduced can be formed (see FIG. 8E). As described in this embodiment, by
removing moisture remaining in the reaction atmosphere at the time of forming the
oxide semiconductor layer, the concentration of hydrogen and hydride in the oxide
semiconductor layer can be reduced. As a result, an intrinsic or substantially intrinsic
semiconductor can be obtained.

[0141]

Note that an insulating layer may be additionally provided over the protective
insulating layer 396. In this embodiment, an insulating layer 398 is formed over the
protective insulating layer 396. As the insulating layer 398, a silicon nitride film, a
silicon nitride oxide film, an aluminum nitride film, an aluminum nitride oxide film, or

the like may be used.
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[0142]

For the formation of the insulating layer 398, the substrate 394 over which the
gate electrode 391, the gate insulating layer 397, the oxide semiconductor layer 399, the
first electrode 395a, the second electrode 395b, and the protective insulating layer 396
are formed is heated to a temperature of 100 °C to 400 °C, a sputtering gas which
contains high-purity nitrogen and from which hydrogen and moisture are removed is
introduced, and a silicon semiconductor target is used, whereby a silicon nitride film is
formed. In this case also, it is preferable that the insulating layer 398 be formed while
moisture remaining in the process chamber is removed as in the case of the protective
insulating layer 396. By heating the substrate 394 to 100 °C to 400 °C during the film
formation of the insulating layer 398, hydrogen or moisture contained in the oxide
semiconductor layer 399 can be diffused into the insulating layer 398. In that case,
heat treatment is not necessarily performed directly after the formation of the protective
insulating layer 396.

[0143]

In the case where a silicon oxide layer is formed as the protective insulating
layer 396 and a silicon nitride layer is formed as the insulating layer 398, the silicon
oxide layer and the silicon nitride layer can be formed in the same process chamber
using the same silicon target. First, a sputtering gas containing oxygen is introduced
and the silicon oxide layer is formed using a silicon target placed inside the process
chamber, and then the sputtering gas is switched to a sputtering gas containing nitrogen
and the silicon nitride layer is formed using the same silicon target. The silicon oxide
layer and the silicon nitride layer can be formed in succession without exposure to air;
therefore, impurities such as hydrogen or moisture can be prevented from being
adsorbed on a surface of the silicon oxide layer. Note that after the silicon oxide layer
is formed as the protective insulating layer 396 and the silicon nitride layer is formed
thereover as the insulating layer 398, heat treatment (at a temperature of 100 °C to
400 °C) for diffusing hydrogen or moisture contained in the oxide semiconductor layer
into the oxide insulating layer is preferably performed.

[0144]
Heat treatment may be further performed at 100 °C to 200 °C inclusive in air
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for 1 hour to 30 hours inclusive after the formation of the protective insulating layer 396.
This heat treatment may be performed at a fixed heating temperature or the temperature
may be increased from room temperature to a heating temperature of 100 °C to 200 °C
inclusive and decreased from the heating temperature to room temperature, plural times
repeatedly. Further, this heat treatment may be performed under reduced pressure
before the formation of the oxide insulating layer. Under reduced pressure, the heating
time can be shortened.

[0145]

The above process are performed at 400 °C or lower; therefore, the above
process can also be applied to a manufacturing process in which a glass substrate having
a thickness of 1 mm or less and having a side that is longer than 1 m is used. In
addition, since the whole process can be performed at a treatment temperature of 400 °C
or lower, a display panel can be manufactured with less energy consumption.

[0146]

As described above, a transistor including an intrinsic or substantially intrinsic
oxide semiconductor can be manufactured.
[0147]

[Embodiment 4]

In this embodiment, another example of a structure of a transistor including an
intrinsic or substantially intrinsic oxide semiconductor and another example of a
manufacturing method thereof will be described.

[0148]

FIGS. 9A to 9D illustrate an example of a structure and a manufacturing
method of a transistor. A transistor 360 illustrated in FIG. 9D is one type of a bottom
gate structure which is referred to as a channel-protective type (also referred to as a
channel-stop type) and is also referred to as an inverted staggered transistor. The
transistor 360 can be used for the transistor described in Embodiment 1, for example.
Note that although the transistor 360 has a single-gate structure, the present invention is
not limited to this structure. The transistor may have a multi-gate structure which
includes a plurality of gate electrodes and a plurality of channel formation regions.

[0149]
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A manufacturing method of the transistor 360 over a substrate 320 will be
described below with reference to FIGS. 9A to 9D.
[0150]

First, a conductive film is formed over the substrate 320, and then, a gate
electrode 361 is formed through a first photolithography step. For the material of the
substrate 320, a material similar to that of the substrate 394 described in the above
embodiment can be employed. For the material and the formation method of the gate
electrode 361, a material and a method similar to those of the gate electrode 391
described in the above embodiment can be employed.

[0151]

Then, a gate insulating layer 322 is formed over the gate electrode 361. For
the material of the gate insulating layer 322, a material similar to that of the gate
insulating layer 397 described in the above embodiment can be employed. In this
embodiment, a silicon oxynitride layer having a thickness of 100 nm or less is formed
as the gate insulating layer 322 with a plasma CVD method.

[0152]

Then, an oxide semiconductor layer having a thickness of 2 nm to 200 nm
inclusive is formed over the gate insulating layer 322 and processed into an
island-shaped oxide semiconductor layer 332 through a second photolithography step.
For the material and the formation method of the island-shaped oxide semiconductor
layer, a material and a method similar to those of the island-shaped oxide semiconductor
layer 399 described in the above embodiment can be employed. In this embodiment,
the oxide semiconductor layer is formed using an In-Ga-Zn-O-based oxide
semiconductor target with a sputtering method.

[0153]

Next, dehydration or dehydrogenation of the oxide semiconductor layer 332 is
performed. The temperature of first heat treatment for dehydration or dehydrogenation
is 400 °C to 750 °C inclusive, preferably higher than or equal to 400 °C and lower than
the strain point of the substrate. Here, the substrate is introduced into an electric
furnace which is one of heat treatment apparatuses, and heat treatment is performed on

the oxide semiconductor layer 332 at 450 °C under a nitrogen atmosphere for 1 hour
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(see FIG. 9A). Note that this step causes oxygen deficiency in the oxide
semiconductor layer 332, so that the oxide semiconductor layer 332 has a low-resistance
[0154]

Then, plasma treatment using a gas such as N>O, N, or Ar is performed. By
this plasma treatment, water or the like adsorbed on an exposed surface of the oxide
semiconductor layer is removed. Plasma treatment may be performed using a mixed
gas of oxygen and argon as well.

[0155]

Next, an oxide insulating layer is formed over the gate insulating layer 322 and
the oxide semiconductor layer 332.  After that, through a third photolithography step, a
resist mask is formed, and selective etching is performed on the oxide insulating layer,
whereby an oxide insulating layer 366 is formed. After that, the resist mask is
removed.

[0156]

In this embodiment, a silicon oxide film having a thickness of 200 nm is
formed as the oxide insulating layer 366 with a sputtering method. The substrate
temperature during the film formation may be room temperature to 300 °C inclusive and,
in this embodiment, is 100 °C. The silicon oxide film can be formed with a sputtering
method under a rare gas (typically, argon) atmosphere, an oxygen atmosphere, or a
mixed atmosphere of a rare gas (typically, argon) and oxygen. As a target, a silicon
oxide target or a silicon target can be used. For example, with the use of a silicon
target, a silicon oxide film can be formed with a sputtering method under a mixed
atmosphere of oxygen and nitrogen. As the oxide insulating layer 366 which is formed
in contact with the oxide semiconductor layer 332, an inorganic insulating film which
does not include impurities such as moisture, a hydrogen ion, and OH" and blocks entry
of these from the outside can be used. Typically, a silicon oxide film, a silicon
oxynitride film, an aluminum oxide film, an aluminum oxynitride film, or the like can
be used.

[0157]
At this time, it is preferable that the oxide insulating layer 366 be formed while

moisture remaining in the process chamber is removed so that the oxide semiconductor
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layer 332 and the oxide insulating layer 366 can be prevented from including hydrogen,
hydroxyl, or moisture. As for a method for removing moisture remaining in the
process chamber, the method described in other embodiments can be employed.

[0158]

Next, second heat treatment (preferably at 200 °C to 400 °C inclusive, for
example, 250 °C to 350 °C inclusive) is performed under an inert gas atmosphere or an
oxygen gas atmosphere. For example, the second heat treatment is performed at
250 °C under a nitrogen atmosphere for 1 hour. When the second heat treatment is
performed, heat is applied while part of the oxide semiconductor layer (a channel
formation region) is in contact with the oxide insulating layer 366. At this time, the
resistance of a region covered with the oxide insulating layer 366 is increased because
oxygen is supplied from the oxide insulating layer.

[0159]

On the other hand, by the heat treatment under a nitrogen atmosphere or an
inert gas atmosphere or under reduced pressure, the resistance of the exposed region of
the oxide semiconductor layer 332, which is not covered with the oxide insulating layer
366, can be further reduced because of oxygen deficiency.

[0160]

In other words, by the second heat treatment, the oxide semiconductor layer
332 becomes an oxide semiconductor layer 362 including regions with different
resistances (indicated as a shaded region and a white region in FIG 9B).

[0161]

Then, a conductive film is formed over the gate insulating layer 322, the oxide
semiconductor layer 362, and th_e oxide insulating layer 366. After that, through a
fourth photolithography step, a resist mask is formed, and selective etching is performed
to form a first electrode 365a and a second electrode 365b. After that, the resist mask
is removed (see FIG. 9C).

[0162]

As a material of the first electrode 365a and the second clectrode 365b, an

element selected from aluminum, chromium, copper, tantalum, titanium, molybdenum,

and tungsten; an alloy containing any of these elements as its component; an alloy
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containing any of these elements in combination; or the like can be used. Further, the
metal conductive film may have a single-layer structure or a stacked structure of two or
more layers.

[0163]

Through the above process, heat treatment for dehydration or dehydrogenation
is performed on the formed oxide semiconductor layers to reduce the resistance, and
then, part of the oxide semiconductor layers is selectively made in an oxygen-excess
state. As a result, a channel fonnétion region 363 which overlaps with the gate
electrode 361 becomes intrinsic or substantially intrinsic. In addition, a low-resistance
region 364a which overlaps with the first electrode 365a and a low-resistance region
364b which overlaps with the second electrode 365b are formed in a self-aligned
manner. Through the above process, the transistor 360 is formed.

[0164]

Heat treatment may be further performed at 100 °C to 200 °C inclusive in air
for 1 hour to 30 hours inclusive. In this embodiment, the heat treatment is performed
at 150 °C for 10 hours. This heat treatment may be performed at a fixed heating
temperature or the temperature may be increased from room temperature to a heating
temperature of 100 °C to 200 °C inclusive and decreased from the heating temperature
to room temperature, plural times repeatedly. Further, this heat treatment may be
performed under reduced pressure before the formation of the oxide insulating layer.
Under reduced pressure, the heating time can be shortened. With such heat treatment,
a slight amount of hydrogen which remains in the oxide semiconductor layer is
introduced into the oxide insulating layer; thus, an intrinsic or substantially intrinsic
oxide semiconductor layer can be obtained.

[0165]

By forming the low-resistance region 364b (and the low-resistance region
364a) in the oxide semiconductor layer which overlaps with the second electrode 365b
(and the first electrode 365a), the reliability of the transistor can be improved.
Specifically, by forming the low-resistance region 364b, the conductivity can vary
stepwise from the second electrode 365b to the low-resistance region 364b and the

channel formation region 363. Therefore, in the case where the transistor operates
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with the second electrode 365b connected to a wiring for supplying a high power supply
potential VDD, the low-resistance region serves as a buffer and a high electric field is
not applied locally even if a high electric field is applied between the gate electrode 361
and the second electrode 365b; thus, the breakdown voltage of the transistor can be
improved.

[0166]

Then, a protective insulating layer 323 is formed over the first electrode 365a,
the second electrode 365b, and the oxide insulating layer 366. In this embodiment, the
protective insulating layer 323 is formed using a silicon nitride film (see FIG. 9D).
[0167]

As described above, a transistor including an intrinsic or substantially intrinsic
oxide semiconductor can be manufactured.

[0168]

This embodiment can be implemented in appropriate combination with the
other embodiments.
[0169]
[Embodiment 5]

In this embodiment, another example of a structure of a transistor including an
intrinsic or substantially intrinsic oxide semiconductor and another example of a
manufacturing method thereof will be described. A transistor 350 in this embodiment
can be used for, for example, the transistor of Embodiment 1.

[0170]

Although the transistor 350 in FIG. 10D has a single-gate structure, the present
invention is not limited to this structure. The transistor may have a multi-gate
structure which includes a plurality of gate electrodes and a plurality of channel
formation regions.

[0171]

A manufacturing method of the transistor 350 over a substrate 340 will be

described below with reference to FIGS. 10A to 10D.
[0172]
First, a conductive film is formed over the substrate 340, and then, a gate

electrode 351 is formed through a first photolithography step. In this embodiment, a
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tungsten film having a thickness of 150 nm is formed as the gate electrode 351 with a
sputtering method.
[0173]

Then, a gate insulating layer 342 is formed over the gate electrode 351. In
this embodiment, a silicon oxynitride film having a thickness of 100 nm or less is
formed as the gate insulating layer 342 with a plasma CVD method.

[0174]

Then, a conductive film is formed over the gate insulating layer 342 and,
through a second photolithography step, a resist mask is formed over the conductive
film, and selective etching is performed, whereby a first electrode 355a and a second
electrode 355b are formed. After that, the resist mask is removed (see FIG. 10A).
[0175]

Next, an oxide semiconductor layer 345 is formed (see FIG. 10B). In this
embodiment, the oxide semiconductor layer 345 is formed using an In-Ga-Zn-O-based
oxide semiconductor target with a sputtering method. Subsequently, the oxide
semiconductor layer 345 is processed into an island-shaped oxide semiconductor layer
through a third photolithography step.

[0176]

In the step of forming the oxide semiconductor layer 345, it is preferable that
the oxide semiconductor layer 345 be formed while moisture remaining in the process
chamber is removed so that the oxide semiconductor layer 345 can be prevented from
including hydrogen, hydroxyl, or moisture. As for a method for removing moisture
remaining in the process chamber, the method described in other embodiments can be
employed.

[0177]

Then, first treatment is performed on the oxide semiconductor layer for
dehydration or dehydrogenation. The temperature of the first heat treatment is 400 °C
to 750 °C inclusive, preferably higher than or equal to 400 °C and less than the strain
point of the substrate. Here, the substrate is put in an electric furnace that is a kind of
heat treatment apparatus and heat treatment is performed on the oxide semiconductor

layer at 450 °C under a nitrogen atmosphere for 1 hour, and then water and hydrogen
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are prevented from entering the oxide semiconductor layer with the oxide
semiconductor layer not exposed to air; thus, an oxide semiconductor layer 346 is
obtained (see FIG. 10C).

[0178]

In addition, as the first heat treatment, GRTA by which the substrate is moved
into an inert gas heated to a high temperature as high as 650 °C to 700 °C, heated for
several minutes, and moved out of the inert gas heated to the high temperature may be
performed.

[0179]

Then, an oxide insulating layer 356 is formed in contact with the oxide
semiconductor layer 346. The oxide insulating layer 356 can be formed with a
thickness of 1 nm or more with a method with which impurities such as water or
hydrogen is not mixed into the oxide insulating layer 356 (e.g., a sputtering method) as

appropriate. When hydrogen is contained in the oxide insulating layer 356, entry of

"the hydrogen to the oxide semiconductor layer or extraction of oxygen in the oxide

semiconductor layer by the hydrogen is caused, thereby causing the backchannel of the

oxide semiconductor layer to have lower resistance (to be n-type), so that a parasitic

channel might be formed. Therefore, it is important to form the oxide insulating layer

356 with a method with which hydrogen included in the oxide insulating layer 356 is
reduced as much as possible.
[0180]

Note that for the material and the formation method of the oxide insulating
layer 356, a material and a method similar to those of the protective insulating layer 396
described in the above embodiment can be employed.

[0181]

Next, second heat treatment (preferably at 200 °C to 400 °C inclusive, for
example, 250 °C to 350 °C inclusive) is performed under an inert gas atmosphere or an
oxygen gas atmosphere. For example, the second heat treatment is performed at 250
°C under a nitrogen atmosphere for 1 hour. When the second heat treatment is
performed, heat is applied while part of the oxide semiconductor layer is in contact

with the oxide insulating layer 356.
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[0182]

Through the above process, the oxide semiconductor layer which is reduced in
resistance due to the dehydration or dehydrogenation during the first heat treatment is
brought into an oxygen-excess state. As a result, an intrinsic or substantially intrinsic
oxide semiconductor layer 352 is formed. Through the above process, the transistor
350 is formed.

[0183]

Heat treatment may be further performed at 100 °C to 200 °C inclusive in air
for 1 hour to 30 hours inclusive. In this embodiment, the heat treatment is performed
at 150 °C for 10 hours. This heat treatment may be performed at a fixed heating
temperature or the temperature may be increased from room temperature to a heating
temperature of 100 °C to 200 °C inclusive and decreased from the heating temperature
to room temperature, plural times repeatedly. Further, this heat treatment may be
performed under reduced pressure before the formation of the oxide insulating layer.
Under reduced pressure, the heating time can be shortened. With such heat treatment,
a slight amount of hydrogen which remains in the oxide semiconductor layer is
introduced into the oxide insulating layer; thus, a normally-off transistor can be
obtained. Thus, the reliability of a display device can be improved.

[0184]

Note that an insulating layer may be additionally provided over the oxide
insulating layer 356. In this embodiment, an insulating layer 343 is formed over the
oxide insulating layer 356 (see FIG. 10D). For the material and the formation method
of the insulating layer 343, a material and a method similar to those of the insulating
layer 398 described in the above embodiment can be employed.

[0185]

Further, a planarization insulating layer may be provided for the purpose of

planarizing a surface of the insulating layer 343.
[0186]
As described above, a transistor including an intrinsic or substantially intrinsic

oxide semiconductor can be manufactured.
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The present application is based on Japanese Patent Application serial No.
2009-292851 filed with the Japan Patent Office on December 24, 2009, the entire

contents of which are hereby incorporated by reference.
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CLAIMS

1. A display device comprising:

a first signal line;

a second signal line adjacent to the first signal line;

a third signal line intersecting with the first signal line and the second signal
line;

a transistor including an oxide semiconductor layer; and

a pixel electrode,

wherein the transistor is electrically connected to the first signal line, the third
signal line and the pixel electrode,

wherein the pixel electrode is overlap with portions of the first signal line and
the second signal line, and

wherein an overlapping area between the pixel electrode and the first signal
line is substantially equal to an overlapping area between the pixel electrode and the

second signal line.

2. The display device according to claim 1, wherein the oxide semiconductor is

intrinsic or substantially intrinsic.

3. The display device according to claim 1, wherein an off-state current of the

transistor is 1 [aA/um] or less.

4. The display device according to claim 1, wherein the first signal line is a

source signal line.

5. The display device according to claim 1, wherein the second signal line is a

source signal line.

6. The display device according to claim 1, wherein the third signal line is a

gate signal line.
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7. The display device according to claim 1, wherein the transistor has top gate

structure.

8. The display device according to claim 1, wherein the transistor has bottom

gate structure.

9. A display device comprising:

a first source signal line;

a second source signal line adjacent to the first source signal line;

a gate signal line intersecting with the first source signal line and the second
source signal line;

a transistor including an oxide semiconductor layer; and

a pixel electrode,

wherein the transistor is electrically connected to the first source signal line, the
gate signal line and the pixel electrode,

wherein the pixel electrode is overlap with portions of the first source signal
line and the second source signal line, and

wherein an overlapping area between the pixel electrode and the first source
signal line is substantially equal to an overlapping area between the pixel electrode and

the second source signal line.

10. The display device according to claim 9, wherein the oxide semiconductor

is intrinsic or substantially intrinsic.

11. The display device according to claim 9, wherein an off-state current of the

transistor is 1 [aA/um)] or less.

12. The display device according to claim 9, wherein the transistor has top gate

structure.

13. The display device according to claim 9, wherein the transistor has bottom

gate structure.
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EXPLANATION OF REFERENCE

10, 20: source signal line, 30: gate signal line, 40: transistor, 50: storage capacitor, 51,

52: parasitic capacitance, 60: capacitor line, 70: pixel electrode.



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2010/071522

A.  CLASSIFICATION OF SUBJECT MATTER

Int.Cl. GO2F1/1368(2006.01)1i, GO2F1/133(2006.01)i, G09G3/20(2006.01)1,
G09G3/36(2006.01) 1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. GO2F1/1368, GO02F1/133, G09G3/20, G09G3/36

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2011
Registered utility model specifications of Japan 1996-2011
Published registered utility model applications of Japan 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 6-230422 A (FujitsuLimited) 1994.08.19, Whole |1-13
documents

family: none

Y JP 2000-150900 A (Japan Science and Technology [1-13
Corporation) 2000.05.30, [0003)] —[0006].
[0030]
& US 6727522 B1 & EP 1134811 Al & WO 00/30183
Al
Y JP 2009-212443 A (CANON KABUSHIKI KAISHA) (3,11

2009.09.17, [0032] —[0035]
& WO 2009/110623 Al

{™  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.

*  Special categories of cited documents: o «T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” earlier application or patent but published on or after the inter- gy
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other

document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person sl.<111ed in the art

than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

04.01.2011 11.01.2011

Name and mailing address of the ISA/JP Authorized officer 2113615
Japan Patent Office Yusuke Okuda

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3293

Form PCT/ISA/210 (second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report

