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EL DISPLAY DEVICE AND ELECTRONIC
DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an EL display
device and an electronic device including the EL display
device.

[0003] 2. Description of the Related Art

[0004] A transistor for driving a display element in a dis-
play device includes a silicon film or the like formed over a
glass substrate or the like. Although a transistor including
amorphous silicon has low field-effect mobility, it can be
formed over a larger glass substrate. On the other hand, a
transistor including polycrystalline silicon has high field-
effect mobility, but it is not suitable for a larger glass substrate
and used in a small or medium display device.

[0005] Inadisplay device in which a light-emitting element
such as an EL element is driven with the use of a transistor
including polycrystalline silicon (EL display device), there is
variation in threshold voltage and mobility among transistors
including polycrystalline silicon in plural pixels. Patent
Document 1 discloses a structure for reducing variation in
threshold voltage and mobility among transistors.

REFERENCE
Patent Document

[0006] [Patent Document 1] Japanese Published Patent
Application No. 2007-310311

SUMMARY OF THE INVENTION

[0007] FIG. 23 illustrates a pixel 800 having a pixel struc-
ture disclosed in Patent

[0008] Document 1. The pixel 800 includes a sampling
transistor 801, a driving transistor 802, an EL element 803, a
capacitor 804, a capacitor 805, a signal line 806, a scan line
807, a power supply line 808, and a common electrode 809.
[0009] FIG. 24 is a block diagram of an EL display device.
An EL display device 900 includes the pixels 800 provided in
a matrix in a pixel portion 904. As illustrated in FIG. 24, the
pixel portion 904 is surrounded by a signal line driver circuit
901, a scan line driver circuit 902, and a power supply line
driver circuit 903. The signal line driver circuit 901, the scan
line driver circuit 902, and the power supply line driver circuit
903 drive the signal line 806, the scan line 807, and the power
supply line 808, respectively.

[0010] In the structure disclosed in Patent Document 1,
n-channel transistors are used for the sampling transistor 801
and the driving transistor 802. In a general EL display device,
an anode voltage of a power supply line is supplied from an
external constant voltage source, but in the structure of Patent
Document 1, a voltage of the power supply line 808 is sup-
plied per row by scanning by the power supply line driver
circuit 903.

[0011] In addition, in the structure disclosed in Patent
Document 1, measures against deterioration of the EL ele-
ment 803 are taken and variation in threshold voltage and
mobility of the driving transistor 802 is reduced by perform-
ing a plurality of operations in addition to driving of the power
supply line 808. Japanese Published Patent Application No.
2007-310311 may be referred to for details of the operations.
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[0012] As aresult, the EL display device with less uneven-
ness in which an influence of variation in threshold voltage
and mobility of the driving transistor 802 and deterioration of
the EL element 803 are small can be achieved.

[0013] However, the technique disclosed in Patent Docu-
ment 1 has a problem in that a substrate over which the
transistor is formed is difficult to enlarge because the transis-
tor includes polycrystalline silicon. This is because in the case
where polycrystalline silicon is formed over the glass sub-
strate through a low-temperature process, laser crystallization
is used; however, laser crystallization is not suitable for a
larger glass substrate.

[0014] On the other hand, in the case where an EL display
device is formed using a transistor including amorphous sili-
con, the transistor can be formed over a larger substrate, but
the mobility of the transistor is low. Thus, when the power
supply line driver circuit 903 with the circuit structure in FIG.
24 is formed using the transistor including amorphous silicon,
there is a problem in that a large amount of current cannot be
supplied.

[0015] InFIG. 23 and FIG. 24, a predetermined operation
of the power supply line driver circuit 903 is performed by
repeating on states and off states thereof as in the case of the
scan line driver circuit 902. Although the scan line driver
circuit 902 only supplies voltage to the scan line 807, the
power supply line driver circuit 903 needs to supply current,
to the power supply line 808, for making the EL element 803
emit light, so that the transistor in the power supply line driver
circuit 903 needs to have capability in supplying a large
amount of current.

[0016] In view of the above, it is an object of an embodi-
ment of the present invention to provide an EL display device
provided with a power supply line driver circuit including a
transistor having capability in supplying a large amount of
current over an insulating substrate where a pixel portion is
formed.

[0017] An embodiment of the present invention disclosed
in this specification is an active matrix EL display device
including: a plurality of pixels, a plurality of signal lines, a
plurality of scan lines, and a plurality of power supply lines
over an insulating substrate; an oxide semiconductor transis-
tor whose field-effect mobility is at least higher than or equal
to 80 cm?/Vs, preferably higher than or equal to 120 cm?*/Vs
over the insulating substrate; and a power supply line driver
circuit including the transistor as a component.

[0018] An embodiment of the present invention disclosed
in this specification is an active matrix EL display device
including: a plurality of pixels, a plurality of signal lines, a
plurality of scan lines, and a plurality of power supply lines
over an insulating substrate; a transistor whose field-effect
mobility is at least higher than or equal to 80 cm*/V's over the
insulating substrate; and a power supply line driver circuit
including the transistor as a component, in which the transis-
tor preferably includes an oxide semiconductor layer.

[0019] An embodiment of the present invention disclosed
in this specification is an active matrix EL display device
including: a plurality of pixels, a plurality of signal lines, a
plurality of scan lines, and a plurality of power supply lines
over an insulating substrate; a plurality of transistors whose
field-effect mobility is at least higher than or equal to 80
cm?/Vs over the insulating substrate; and a power supply line
driver circuit and a scan line driver circuit including the
transistors as components, in which the transistors each pref-
erably include an oxide semiconductor layer.
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[0020] An embodiment of the present invention disclosed
in this specification is an active matrix EL display device
including: a plurality of pixels, a plurality of signal lines, a
plurality of scan lines, and a plurality of power supply lines
over an insulating substrate; a plurality of transistors whose
field-effect mobility is at least higher than or equal to 80
cm?/Vs over the insulating substrate; and a power supply line
driver circuit, a scan line driver circuit, and a signal line driver
circuit including the transistors as components, in which the
transistors each preferably include an oxide semiconductor
layer.

[0021] Inanembodiment of the present invention, the tran-
sistor in the EL display device preferably has a field-effect
mobility of higher than or equal to 120 cm*/Vs.

[0022] In the EL display device of an embodiment of the
present invention, a sampling transistor and a driving transis-
tor in each of the pixels preferably include an oxide semicon-
ductor layer.

[0023] In the EL display device of an embodiment of the
present invention, the oxide semiconductor layer preferably
includes at least a channel formation region overlapping with
a gate electrode layer with a gate insulating layer interposed
therebetween.

[0024] In the EL display device of an embodiment of the
present invention, the oxide semiconductor layer is prefer-
ably highly purified.

[0025] In the EL display device of an embodiment of the
present invention, the oxide semiconductor layer that is
highly purified preferably contains at least one kind of ele-
ment selected from the group consisting of In, Sn, and Zn.
[0026] In an embodiment of the present invention, in order
to improve the field-effect mobility, oxygen is supplied to an
oxide semiconductor included in a transistor from an insulat-
ing film proximate to the oxide semiconductor and/or by ion
implantation, and the oxygen reduces oxygen vacancies part
of which cause a carrier. In addition, in order to improve the
field-effect mobility, in the manufacturing process of the tran-
sistor, the oxide semiconductor is highly purified, and the
concentration of hydrogen part of which causes a carrier is
drastically reduced.

[0027] A process for forming an oxide semiconductor in an
embodiment of the present invention is specifically described
below using cross-sectional views in FIGS. 1A to 1D.
[0028] First, abase insulating film 10 from which oxygen is
released by heat treatment is formed, and an oxide semicon-
ductor film 11 is formed over the base insulating film 10 (FIG.
1A). Then, first heat treatment is performed on the base insu-
lating film 10 and the oxide semiconductor film 11 which are
stacked (FIG. 1B).

[0029] When the insulating film from which oxygen is
released by heat treatment is provided as the base insulating
film 10 serving as a gate insulating layer or the like, oxygen
vacancies caused in the oxide semiconductor film 11 can be
compensated by heat treatment in a later step. Part of the
oxygen vacancies in the oxide semiconductor film 11 gener-
ate a carrier, which can cause variation in threshold voltage of
the obtained transistor.

[0030] In addition, when the base insulating film 10 from
which oxygen is released by heat treatment is provided, inter-
face states between the base insulating film 10 and the oxide
semiconductor film 11 can be reduced. The interface states
trap electric charge generated as a result of operation of the
obtained transistor in some cases and thus can be a factor that
causes a reduction in reliability of the transistor.
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[0031] Note that the base insulating film 10 is preferably
flat. Specifically, the base insulating film 11 has an average
surface roughness (R,) of less than or equal to 1 nm, prefer-
ably less than or equal to 0.3 nm, more preferably less than or
equal to 0.1 nm. The base insulating film 10 may be subjected
to planarization treatment such as chemical mechanical pol-
ishing (CMP) treatment. When the base insulating film 10 is
flat, the state of an interface between the base insulating film
10 and the oxide semiconductor film 11 is favorable, whereby
the field-effect mobility can be increased and variation in
threshold voltage can be reduced in the obtained transistor.
[0032] In particular, the oxide semiconductor film 11 is
preferably formed using an In—Sn—Z7n-based oxide, in
which case a transistor with high field-effect mobility and
high reliability can be obtained. This also applies to the fol-
lowing oxides: a four-component metal oxide such as an
In—Sn—Ga—Zn-based oxide; a three-component metal
oxide such as an In—Ga—Zn-based oxide (also referred to as
1GZO), an In—Al—Zn-based oxide, a Sn—Ga—Zn-based
oxide, an Al-—Ga—Zn-based oxide, a Sn—Al—Zn-based
oxide, an In—Hf—Zn-based oxide, an In—La—Zn-based
oxide, an In—Ce—Zn-based oxide, an In—Pr—Zn-based
oxide, an In—Nd—Zn-based oxide, an In—Pm—Zn-based
oxide, an In—Sm—Zn-based oxide, an In—Eu—Zn-based
oxide, an In—Gd—Zn-based oxide, an In—Tb—Zn-based
oxide, an In—Dy—Zn-based oxide, an In—Ho—Zn-based
oxide, an In—FEr—Zn-based oxide, an In—Tm—Zn-based
oxide, an In—Yb—Zn-based oxide, or an In—Lu—Zn-
based oxide; a two-component metal oxide such as an
In—Z7n-based oxide, a Sn—Z7n-based oxide, an Al—Zn-
based oxide, a Zn—Mg-based oxide, a Sn—Mg-based oxide,
an In—Mg-based oxide, or an In—Ga-based oxide; a one-
component metal oxide such as an In-based oxide, an Sn-
based oxide, or a Zn-based oxide; and the like.

[0033] Note that the oxide semiconductor film 11 is pref-
erably formed while a substrate is heated because in that case,
the obtained transistor can have increased field-effect mobil-
ity. Substrate heating temperature at the time of formation of
the oxide semiconductor film 11 is higher than or equal to
100° C. and lower than or equal to 600° C., preferably higher
than or equal to 150° C. and lower than or equal to 550° C.,
more preferably higher than or equal to 200° C. and lower
than or equal to 500° C. The oxide semiconductor film 11 is
preferably formed by a sputtering method.

[0034] Note that the band gap of the oxide semiconductor
film 11 is greater than or equal to 2.5 eV, preferably greater
than or equal to 2.8 eV, more preferably greater than or equal
to 3.0 eV. When the band gap of the oxide semiconductor film
11 is in the above range, the transistor can have extremely
small off-state current.

[0035] Note that the oxide semiconductor film 11 is in a
single crystal state, a polycrystalline (also referred to as poly-
crystal) state, an amorphous state, or the like. The oxide
semiconductor film 11 is preferably a c-axis aligned crystal-
line oxide semiconductor (CAAC-OS) film.

[0036] The CAAC-OS film is not completely single crystal
nor completely amorphous. The CAAC-OS film is an oxide
semiconductor film with a crystal-amorphous mixed phase
structure where crystal parts and amorphous parts are
included in an amorphous phase. Note that in most cases, the
crystal part fits inside a cube whose one side is less than 100
nm From an observation image obtained with a transmission
electron microscope (TEM), a boundary between an amor-
phous part and a crystal part in the CAAC-OS film is not clear.
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Further, with the TEM, a grain boundary in the CAAC-OS
film is not found. Thus, in the CAAC-OS film, a reduction in
electron mobility, due to the grain boundary, is suppressed.

[0037] The first heat treatment is performed in a reduced-
pressure atmosphere (lower than or equal to 10 Pa), an inert
atmosphere (an atmosphere of an inert gas such as nitrogen or
a rare gas), or an oxidizing atmosphere (an atmosphere con-
taining an oxidizing gas such as oxygen, ozone, or nitrous
oxide at higher than or equal to 10 ppm) at a temperature of
higher than or equal to 250° C. and lower than or equal to 650°
C., preferably higher than or equal to 300° C. and lower than
or equal to 600° C.

[0038] By the first heat treatment, the concentration of
impurities such as hydrogen in the oxide semiconductor film
11 can be reduced. Alternatively, the state of the interface
between the base insulating film 10 and the oxide semicon-
ductor film 11 can be made favorable. Since the first heat
treatment is performed after the oxide semiconductor film 11
is formed, outward diffusion of oxygen that is released from
the base insulating film 10 can be prevented. Note that it is
alternatively possible that heat treatment is performed in an
inert atmosphere or a reduced-pressure atmosphere, the
atmosphere is then changed to an oxidizing atmosphere with-
out changing the temperature, and heat treatment is per-
formed in the oxidizing atmosphere. When the first heat treat-
ment is performed in this manner, impurities in the oxide
semiconductor film 11 can be reduced in the inert atmosphere
or the reduced-pressure atmosphere and then oxygen vacan-
cies caused at the time of removal of impurities can be
reduced in the oxidizing atmosphere.

[0039] Note that a gas containing fewer impurities is used
for the heat treatment and film formation. Specifically, a gas
whose dew point is lower than or equal to —70° C. may be
used.

[0040] After the first heat treatment, the oxide semiconduc-
tor film 11 is processed into an island-shaped oxide semicon-
ductor film 12. Processing for obtaining the oxide semicon-
ductor film 12 can be performed in such a manner that a resist
mask is formed with the use of a photomask and a part in
which the resist mask is not formed is etched by a dry etching
method or a wet etching method. Such a process is called a
photolithography process.

[0041] Then, a conductive film is formed and processed by
a photolithography process or the like, so that a source elec-
trode 13 A and a drain electrode 13B which are at least partly
in contact with the oxide semiconductor film are formed.

[0042] Then, an upper insulating film 14 serving as an
interlayer insulating film is formed (FIG. 1C). As the upper
insulating film 14, an insulating film from which oxygen is
released by heat treatment is preferably used.

[0043] Next, second heat treatment is performed (FIG. 1D).
The second heat treatment can be performed under a condi-
tion similar to that of the first heat treatment. By performing
the second heat treatment, oxygen is released from the base
insulating film 10 and the upper insulating film 14, so that
oxygen vacancies in the island-shaped oxide semiconductor
film 12 can be reduced. In addition, since interface states
between the base insulating film 10 and the island-shaped
oxide semiconductor film 12 and interface states between the
island-shaped oxide semiconductor film 12 and the upper
insulating film 14 can be reduced, the field-effect mobility of
the transistor obtained can be increased, variation in threshold
voltage can be reduced, and the reliability can be improved.
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[0044] In the above-described manner, a highly reliable
transistor can be manufactured which includes an oxide semi-
conductor and has high field-effect mobility and in which
variation in threshold voltage is small.

[0045] Note that an interlayer insulating film is preferably
formed to cover the upper insulating film 14 over the transis-
tor. By provision of the interlayer insulating film, outward
diffusion of oxygen that is released from the base insulating
film 10 and the upper insulating film 14 from the transistor
can be prevented. In the case where the interlayer insulating
film is provided, the second heat treatment may be performed
after formation of the interlayer insulating film.

[0046] A transistor which is obtained in the above manner
has high field-effect mobility (e.g., a field-effect mobility of
higher than or equal to 31 cm?/V's), small variation in thresh-
old voltage, high reliability (e.g., a fluctuation range of
threshold voltage by a negative BT test is less than or equal to
1V), and extremely small off-state current.

[0047] Next, theory that the field-effect mobility of an insu-
lated gate transistor can be increased with the use of a highly
purified oxide semiconductor will be described.

[0048] The actually measured field-effect mobility of an
insulated gate transistor can be lower than its original mobil-
ity because of a variety of reasons; this phenomenon occurs
not only in the case of using an oxide semiconductor. One of
the reasons that reduce the mobility is a defect inside a semi-
conductor or a defect at an interface between the semicon-
ductor and an insulating film. When the Levinson model is
used, a field-effect mobility on the assumption that no defect
exists inside the semiconductor can be calculated theoreti-
cally.

[0049] Assuming that the original mobility and the mea-
sured field-effect mobility of a semiconductor are p, and ,
respectively, and a potential barrier (such as a grain boundary)
exists in the semiconductor, the mobility p can be expressed
as Formula (1).

= soesl- L »

[0050] Here, E represents the height of the potential barrier,
k represents the Boltzmann constant, and T represents the
absolute temperature. When the potential barrier is assumed
to be attributed to a defect, Formula (2) can be obtained
according to the Levinson model.

_ e*N? N @)

= Ren 8eC, Vg

[0051] Here, e represents the elementary electric charge, N
represents the average defect density per unit area in a chan-
nel, e represents the dielectric constant of the semiconductor,
n represents the number of carriers per unit area in the chan-
nel, C,, represents the capacitance per unit area, V  represents
the gate voltage, and t represents the thickness of the channel.
In the case where the thickness of the semiconductor layer is
less than or equal to 30 nm, the thickness of the channel may
be regarded as being the same as the thickness of the semi-
conductor layer.

[0052] The drain current I, in a linear region can be
expressed as Formula (3).
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_ WV VaCon E ©)
=L ( )

[0053] Here, L represents the channel length and W repre-
sents the channel width, and L and W are each 10 um in this
case. In addition, V , represents the drain voltage.

[0054] When dividing both sides of the above formula by
V., and then taking logarithms of both sides, Formula (4) is
obtained.

h{@] h{wﬂvdco, E 1»(W"V“C‘” N2 @
Vi) L ]“ﬁ - L ]_SkTsCOXVg

[0055] Theright side of the Formula (4) is a function of V.
From the formula, it is found that the defect density N can be
obtained from the slope of a line in a graph which is obtained
by plotting actual measured values with In(I/V,,) as the ver-
tical axis and 1/V as the horizontal axis. That is, the defect
density can be evaluated from the I~V characteristics of the
transistor. The defect density N of an oxide semiconductor in
which the ratio of indium (In), tin (Sn), and zinc (Zn) is 1:1:1
is approximately 1x10'? /cm?.

[0056] On the basis of the defect density obtained in this
manner or the like, 11, can be calculated to be 120 cm*/Vs from
Formula (1) and Formula (2). The measured mobility of an
In—Sn—Z7n oxide including a defect is approximately 40
cm?/Vs. However, assuming that no defect exists inside the
semiconductor and at the interface between the semiconduc-
tor and the insulating film, the mobility p, of the oxide semi-
conductor is expected to be 120 cm*/Vs.

[0057] Note that even when no defect exists inside a semi-
conductor, scattering at an interface between a channel and a
gate insulating film affects the transport property of the tran-
sistor. In other words, the mobility u, at a position that is
distance x away from the interface between the channel and
the gate insulating film can be expressed as Formula (5).

— = — + —ex
ML po B P

[0058] Here, D represents the electric field in the gate direc-
tion, and B and 1 are constants. B and 1 can be obtained from
actual measurement results; according to the above measure-
ment results, B is 4.75x10” cm/s and 1 is 10 nm (the depth to
which the influence of interface scattering reaches). When D
is increased (i.e., when the gate voltage is increased), the
second term of Formula (5) is increased and accordingly the
mobility y, is decreased.

[0059] Calculation results of the mobility p, of a transistor,
a channel of which includes an ideal oxide semiconductor
without a defect inside the semiconductor, are shown in FIG.
2. For the calculation, device simulation software, Sentaurus
Device, manufactured by Synopsys, Inc. was used, and the
band gap, the electron affinity, the relative dielectric constant,
and the thickness of the oxide semiconductor were assumed
tobe2.8eV,4.7eV, 15, and 15 nm, respectively. These values
were obtained by measurement of a thin film that was formed
by a sputtering method.
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[0060] Further, the work functions of a gate, a source, and a
drain were assumed to be 5.5 eV, 4.6 eV, and 4.6 eV, respec-
tively. The thickness of a gate insulating film was assumed to
be 100 nm, and the relative dielectric constant thereof was
assumed to be 4.1. The channel length and the channel width
were each assumed to be 10 um, and the drain voltage V ,was
assumed to be 0.1 V.

[0061] As shown in FIG. 2, the mobility has a peak of
higher than or equal to 100 cm?/Vs at a gate voltage that is a
little over 1 V and is decreased as the gate voltage becomes
higher because the influence of interface scattering is
increased. Note that in order to reduce interface scattering, it
is desirable that a surface of the semiconductor layer be flat at
the atomic level (atomic layer flatness).

[0062] Calculation results of characteristics of minute tran-
sistors which were manufactured using an oxide semiconduc-
tor with such mobility are shown in FIGS. 3A to 3C, FIGS. 4A
to 4C, and FIGS. 5A to 5C. FIGS. 6A and 6B illustrate
structures of transistors used for calculation. The transistors
illustrated in FIGS. 6 A and 6B each include a semiconductor
region 103a and a semiconductor region 103¢ which have
n*-type conductivity in an oxide semiconductor layer. The
resistivity of the semiconductor region 103a and the semi-
conductor region 103¢ are 2x107> Qcm.

[0063] The transistor illustrated in FIG. 6A is formed over
a base insulator 101 and an embedded insulator 102 which is
embedded in the base insulator 101 and formed of aluminum
oxide. The transistor includes the semiconductor region
1034, the semiconductor region 103¢, an intrinsic semicon-
ductor region 1035 serving as a channel formation region
therebetween, and a gate 105. The width of the gate 105 is 33
nm.

[0064] A gate insulating film 104 is formed between the
gate 105 and the semiconductor region 1035. In addition, a
sidewall insulator 106a and a sidewall insulator 1065 are
formed on both side surfaces of the gate 105, and an insulator
107 is formed over the gate 105 so as to prevent a short circuit
between the gate 105 and other wirings. The sidewall insula-
tor has a width of 5 nm A source 108« and a drain 1085 are
provided in contact with the semiconductor region 103a and
the semiconductor region 103¢, respectively. Note that the
channel width of this transistor is 40 nm

[0065] The transistor of FIG. 6B is the same as the transis-
tor of FIG. 6A in that it is formed over the base insulator 101
and the embedded insulator 102 formed of aluminum oxide
and that it includes the semiconductor region 103a, the semi-
conductor region 103¢, the intrinsic semiconductor region
1035 provided therebetween, the gate 105 having a width of
33 nm, the gate insulating film 104, the sidewall insulator
106a, the sidewall insulator 1065, the insulator 107, the
source 1084a, and the drain 1085.

[0066] The transistor illustrated in FIG. 6A is different
from the transistor illustrated in FIG. 6B in the conductivity
type of semiconductor regions under the sidewall insulator
106a and the sidewall insulator 1064. In the transistor illus-
trated in FIG. 6A, the semiconductor regions under the side-
wall insulator 1064 and the sidewall insulator 1065 are part of
the semiconductor region 103a having n*-type conductivity
and part of the semiconductor region 103¢ having n*-type
conductivity, whereas in the transistor illustrated in FIG. 6B,
the semiconductor regions under the sidewall insulator 106a
and the sidewall insulator 1065 are part of the intrinsic semi-
conductor region 1035. In other words, in the semiconductor
layer of FIG. 6B, a region having a width of L, zin which the
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semiconductor region 103« (the semiconductor region 103¢)
and the gate 105 do not overlap is provided. This region is
called an offset region, and the width L_,is called an offset
length. As is seen from the drawing, the offset length is equal
to the width of the sidewall insulator 106a (the sidewall
insulator 1065).

[0067] The other parameters used in calculation are as
described above. For the calculation, device simulation soft-
ware, Sentaurus Device, manufactured by Synopsys, Inc. was
used. FIGS. 3A to 3C show the gate voltage (V,.: a potential
difference between the gate and the source) dependence of the
drain current (I, a solid line) and the mobility (i, a dotted
line) of the transistor having the structure illustrated in FIG.
6A. The drain current I, is obtained by calculation under the
assumption that the drain voltage (a potential difference
between the drain and the source) is +1 V and the mobility p
is obtained by calculation under the assumption that the drain
voltage is +0.1 V.

[0068] FIG. 3A shows the gate voltage dependence of the
transistor in the case where the thickness of the gate insulating
layer is 15 nm, FIG. 3B shows that of the transistor in the case
where the thickness of the gate insulating layer is 10 nm, and
FIG. 3C shows that of the transistor in the case where the
thickness of the gate insulating layer is 5 nm As the gate
insulating layer is thinner, the drain current 1, particularly in
an off state (off-state current) is significantly decreased. In
contrast, there is no noticeable change in the peak value of the
mobility p and the drain current I, in an on state (on-state
current). The graphs show that the drain current exceeds 10
LA, which is required in a memory element and the like, at a
gate voltage of around 1 V.

[0069] FIGS. 4A to 4C show the gate voltage V, depen-
dence of the drain current I, (a solid line) and the mobility p
(adotted line) of the transistor having the structure illustrated
in FIG. 6B where the offset length L,,is 5 nm. The drain
current I ;is obtained by calculation under the assumption that
the drain voltage is +1 V and the mobility p is obtained by
calculation under the assumption that the drain voltage is +0.1
V. FIG. 4A shows the gate voltage dependence of the transis-
tor in the case where the thickness of the gate insulating layer
is 15 nm, FIG. 4B shows that of the transistor in the case
where the thickness of the gate insulating layer is 10 nm, and
FIG. 4C shows that of the transistor in the case where the
thickness of the gate insulating layer is 5 nm

[0070] Further, FIGS. 5A to 5C show the gate voltage
dependence of the drain current I, (a solid line) and the mobil-
ity u (a dotted line) of the transistor having the structure
illustrated in FIG. 6B where the offset length L, is 15 nm.
The drain current I, is obtained by calculation under the
assumption that the drain voltage is +1 V and the mobility pLis
obtained by calculation under the assumption that the drain
voltage is +0.1 V. FIG. 5A shows the gate voltage dependence
of the transistor in the case where the thickness of the gate
insulating layer is 15 nm, FIG. 5B shows that of the transistor
in the case where the thickness of the gate insulating layer is
10 nm, and FIG. 5C shows that of the transistor in the case
where the thickness of the gate insulating layer is 5 nm
[0071] Ineither ofthe structures, as the gate insulating layer
is thinner, the off-state current is significantly decreased,
whereas no noticeable change arises in the peak value of the
mobility p and the on-state current.

[0072] Note that the peak of the mobility pis approximately
80 cm*/ Vs in FIGS. 3A to 3C, approximately 60 cm*/Vs in
FIGS. 4A to 4C, and approximately 40 cm?/V's in FIGS. 5A to
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5C; thus, the peak of the mobility p is decreased as the offset
length L, ;s increased. Further, the same applies to the off-
state current. The on-state current is also decreased as the
offset length Lofis increased; however, the decrease in the
on-state current is much more gradual than the decrease in the
off-state current.

[0073] The transistor as described above which includes a
highly purified oxide semiconductor in a channel formation
region has a high field-effect mobility of higher than or equal
to 80 cm?/Vs, further higher than or equal to 120 cm®/Vs, can
be formed over an insulating substrate where a pixel portion
is formed, and has capability in supplying a large amount of
current.

[0074] By using the transistor including a highly purified
oxide semiconductor for a channel formation region, an EL.
display device in which a pixel portion and a power supply
line driver circuit are provided over the same insulating sub-
strate can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0075] FIGS. 1A to 1D are cross-sectional views illustrat-
ing an embodiment of the present invention.

[0076] FIG. 2 is a graph showing gate voltage dependence
of mobility obtained by calculation.

[0077] FIGS. 3A to 3C are graphs each showing gate volt-
age dependence of drain current and mobility obtained by
calculation.

[0078] FIGS. 4A to 4C are graphs each showing gate volt-
age dependence of drain current and mobility obtained by
calculation.

[0079] FIGS. 5A to 5C are graphs each showing gate volt-
age dependence of drain current and mobility obtained by
calculation.

[0080] FIGS. 6A and 6B illustrate cross-sectional struc-
tures of transistors used for calculation.

[0081] FIGS. 7A and 7B each illustrate an embodiment of
an EL display device according to an embodiment of the
present invention.

[0082] FIGS. 8A and 8B each illustrate an embodiment of
an EL display device according to an embodiment of the
present invention.

[0083] FIG. 9 illustrates an embodiment of an EL display
device according to an embodiment of the present invention.
[0084] FIG. 10 illustrates an embodiment of an EL display
device according to an embodiment of the present invention.
[0085] FIGS. 11A to 11D are cross-sectional views illus-
trating a method for manufacturing a transistor according to
an embodiment of the present invention.

[0086] FIGS. 12A to 12D are cross-sectional views illus-
trating a method for manufacturing a transistor according to
an embodiment of the present invention.

[0087] FIGS. 13A and 13B are a top view and a cross-
sectional view of a transistor according to an embodiment of
the present invention.

[0088] FIGS. 14A and 14B are a top view and a cross-
sectional view of a transistor according to an embodiment of
the present invention.

[0089] FIG. 15A to 15E are diagrams each illustrating a
crystal structure of an oxide material.

[0090] FIG. 16A to 16C are diagrams illustrating a crystal
structure of an oxide material.

[0091] FIG.17A to 17C are diagrams illustrating a crystal
structure of an oxide material.
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[0092] FIGS. 18A and 18B illustrate an EL display device
according to an embodiment of the present invention.
[0093] FIG. 19 illustrates an example of an electronic
device.

[0094] FIG. 20 shows XRD spectra of In—Sn—Zn-based
oxide films.

[0095] FIG. 21 is a cross-sectional TEM image of an
In—Sn—Z7n-based oxide film.

[0096] FIG. 22 is a cross-sectional TEM image of an
In—Sn—Z7n-based oxide film.

[0097] FIG. 23 shows a pixel of an EL display device.
[0098] FIG. 24 is a block diagram of an EL display device.

DETAILED DESCRIPTION OF THE INVENTION

[0099] Hereinafter, embodiments and an example of the
present invention will be described with reference to the
accompanying drawings. Note that the present invention can
be carried out in many different modes, and those skilled in
the art could appreciate that a variety of modifications can be
made to the modes and details thereof without departing from
the spirit and the scope of the present invention. Thus, the
present invention should not be interpreted as being limited to
the description of the embodiments and the example. Note
that in structures of the present invention described below,
reference numerals denoting the same portions are used in
common in different drawings.

[0100] Note that the size, the thickness of a layer, and a
region of each structure illustrated in the drawings and the
like in the embodiments are exaggerated for simplicity in
some cases. Therefore, embodiments of the present invention
are not limited to such scales.

[0101] Note that when it is explicitly described that “A and
B are connected,” the case where A and B are electrically
connected, the case where A and B are functionally con-
nected, and the case where A and B are directly connected are
included therein.

[0102] Note that in this specification, the terms “first”,
“second”, “third”, and “n-th” (n is a natural number) are used
in order to avoid confusion among components and do not
limit the number of components.

Embodiment 1

[0103] An embodiment of the present invention will be
described with reference to FIGS. 7A and 7B. FIG. 7A illus-
trates a display device including a pixel portion 1502, a scan
line driver circuit 1503, a power supply line driver circuit
1504, and an analog switch 1505 for driving a signal line, over
a glass substrate 1501. FIG. 7A is an example in which the
analog switch 1505 is used for driving the signal line. In
addition, an FPC 1506, an FPC 1507, an FPC 1508, and an
FPC 1509 are illustrated in FIG. 7A.

[0104] FIG. 7B is a block diagram of the power supply line
driver circuit 1504. The power supply line driver circuit 1504
includes shift registers 1511_1 to 1511_n and inverters
1512_1 to 1512_n. The inverters 1512__| to 1512_n are used
for driving power supply lines Al to An, respectively.

[0105] The shift registers 1511 can be obtained by connect-
ing plural stages of known circuits each illustrated in FIG. 8A
in a cascade. Japanese Published Patent Application No.
2011-030171 may be referred to for the operation of the
circuit illustrated in FIG. 8A.

[0106] FIG. 8B is a circuit diagram of the inverter 1512. In
FIG. 8B, a high power supply potential V,,, is supplied to a

Nov. 15, 2012

power supply line 307, and a low power supply potential Vs
is supplied to a power supply line 308.

[0107] The operation of the circuit illustrated in FIG. 8B is
described. In FIG. 8B, a signal OUT from the shift register is
input to a terminal 309. The potential of the terminal 309
generally has a level of an L signal and has a level of an H
signal by a pulse signal from the signal OUT.

[0108] First, when the H signal is input to the terminal 309,
field-effect transistors, an FET 304 and an FET 305, are
brought into a conduction state. Thus, source potentials of an
FET 301 and an FET 303 have a level of an L signal. A
terminal 310 is connected to the power supply line 308, and
the terminal 310 has a level of an L signal in this state and
pixels are initialized.

[0109] Then, when the terminal 309 has a level of an L
signal, the FET 304 and the FET 305 are brought into a
non-conduction state, and the source potential of the FET 301
is increased. A gate potential of the FET 303 is also increased
through an FET 302, so that the FET 303 is brought into a
conduction state. Current flows from the power supply line
307 to the terminal 310 through the FET 303, so that the
potential of the terminal 310 is increased. A capacitor 306
functions so as to perform bootstrap operation, and thus, the
gate potential of the FET 303 is increased to exceed the
potential of the power supply line 307, and the potential of the
terminal 310 is increased to the potential of the power supply
line 307. At this time, current flows from the terminal 310 to
EL elements in the pixels, so that the EL elements emit light.
[0110] Forexample, in the case where a 13-inch EL display
device emits light at a luminance of 500 cd/m?, the total
amount of current flowing to EL elements in all the pixels is
greater than or equal to 1 A. When the display has a resolution
equal to that of full high vision (1920x1080), there are 1080
rows of pixels, and current flowing to a power supply line for
one row is greater than or equal to 0.9 mA. Since the current
flowing to a power supply line for one row is current flowing
through the FET 303, potential drop depending on the resis-
tance (ON resistance) ofthe FET 303 which is ina conduction
state occurs between a drain and a source of the FET 303. If
the amount of this potential drop is 0.1 V at maximum, the ON
resistance of the FET 303 needs to be lower than or equal to
110Q.

[0111] In the case where the FET 303 includes an
In—Ga—Zn-based oxide film which is not highly purified,
the following calculation is possible.

[0112] The ONresistance R , can be expressed as Formula
(6) assuming that in the FET 303, the thickness of the gate
insulating layer is 300 nm, the relative dielectric constant is
3.8, voltage V, between the gate and the source is 5V, the
threshold voltage V,,, is 2 V, the field-effect mobility p is 10
cm?/Vs, and the gate length L is 3 um.

Ry =Val/ly (6)

[0113] The drain current I, in Formula (6) is expressed as
Formula (7).

L= Co WL (V= Vi) Vs @)

[0114] C, is electrostatic capacitance of the gate insulating
layer per unit area, W is the gate width, L is the gate length,
and V 4 is a voltage between the drain and the source.

[0115] From Formula (6) and Formula (7), W needs to be 9
cm so that the ON resistance can be lower than or equal to
110Q. However, the frame of the display is expected to be
small, so that W=9 cm is not realistic for a product. Thatis, the
ON resistance cannot be lower than or equal to 110Q2 with an
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In—Ga—~Zn-based oxide film which is an oxide semiconduc-
tor film whose field-effect mobility p is 10 cm?/Vs and which
is not highly purified. Amorphous silicon has yet lower
mobility, so that the ON resistance cannot be lower than or
equal to 110Q.

[0116] On the other hand, in an In—Sn—Zn-based oxide
film which is highly purified, the field-effect mobility p.can be
higher than or equal to 80 cm*/V's, further higher than or equal
to 120 cm?/Vs. In that case, with the above conditions, W can
be 11.3 mm, further 7.5 mm, which can be used for the frame
of the display.

[0117] In this manner, when a highly purified oxide semi-
conductor film is used for an active layer of the FET, a power
supply line driver circuit can be formed over an insulating
substrate together with a circuit such as a pixel or the like. In
addition, when the highly purified oxide semiconductor film
is used for an active layer of the FET, in an EL display device,
variation in characteristics of the FET such as threshold volt-
age can be suppressed, or deterioration of the EL element over
time can be compensated.

[0118] In FIG. 7A, the analog switch 1505 is used for
driving the signal line. For example, in the case of a full high
vision EL display device, there are 5760 (1920>RGB) signal
lines. When the signal line driver circuit is not formed over the
same substrate as the signal lines, terminals of the signal line
driver circuit are connected to terminals connected to the
signal lines. Therefore, there is a problem in that a contact
failure of the terminal easily occurs owing to mechanical
impact or the like. In this case, a reduction in the number of
terminals is effective for less contact failure. Accordingly, an
object is to reduce the number of terminals by forming an
analog switch array over the same substrate as the signal lines
and selectively connecting terminals for RGB to the signal
line driver circuit in a time division manner.

[0119] FIG. 9 illustrates an equivalent circuit of the analog
switch 1505. In an example illustrated in FIG. 9, 1920 output
terminals D_1 to D_1920 of the signal line driver circuit and
3 terminals for RGB controlling gates of a switch array bring
the number of terminals connected to the outside of the EL
display device to 1923 in total, which is approximately one
third of the number of such terminals in the case where the
switch array is not used. Such terminals are connected to the
FPCs 1506 to 1509. Meanwhile, as compared to the case of
performing time division, the source driver connected to the
analog switch needs to operate three times faster and time for
writing into signal lines needs to be reduced to one third. In
order to reduce time for writing into signal lines, it is impor-
tant to improve current capability of transistors used for the
analog switch. Therefore, as in the case of the power supply
line driver circuit, a transistor whose field-effect mobility is
high and which includes a highly purified oxide semiconduc-
tor film for an active layer is preferably included in the analog
switch.

[0120] As illustrated in FIG. 10, a signal line driver circuit
can be formed over an insulating substrate where a circuit
such as a pixel is formed. FIG. 10 illustrates an example in
which a pixel portion 1702, a scan line driver circuit 1703, a
power supply line driver circuit 1704, and a signal line driver
circuit 1705 are formed over a glass substrate 1701. Signals
are supplied from an FPC 1706 and an FPC 1707 to the scan
line driver circuit 1703, the power supply line driver circuit
1704, and the signal line driver circuit 1705.

[0121] As described above, the power supply line driver
circuit of this embodiment includes a transistor including a
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highly purified oxide semiconductor for a channel formation
region. The transistor including a highly purified oxide semi-
conductor for a channel formation region can have high field-
effect mobility. Thus, by using the transistor, an EL display
device in which a power supply line driver circuit is formed
over an insulating substrate where a pixel portion is formed
can be provided. Consequently, an EL display device with a
narrow frame can be provided.

[0122] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments.

Embodiment 2

[0123] In this embodiment, an example of a method for
manufacturing a transistor included in the power supply line
driver circuit described in Embodiment 1 will be described
with reference to FIGS.11A to 11D and FIGS. 12At0 12D. In
addition, examples of a top view and a cross-sectional view
corresponding to the top view of a sampling transistor in each
pixel in a pixel portion will be described with reference to
FIGS. 13A and 13B and FIGS. 14A and 14B. The sampling
transistor can be manufactured together with the transistor
included in the power supply line driver circuit.

[0124] Inthis embodiment, an example of manufacturing a
bottom gate transistor is described; however, a top gate tran-
sistor can also be used for forming the power supply line
driver circuit and the pixel. In addition, an example of manu-
facturing a staggered transistor is described in this embodi-
ment, but a coplanar transistor can also be used.

[0125] Inthis embodiment, an example of manufacturing a
transistor included in the power supply line driver circuit is
described; however, a transistor included in the signal line
driver circuit and/or the scan line driver circuit can be formed
in a similar manner.

[0126] FIGS. 11A to 11D illustrate an example of manu-
facturing a channel-etched bottom gate transistor.

[0127] First, a conductive film is formed over a substrate
400 which is a substrate having an insulating surface, and
then, a gate electrode layer 401 is provided using a photoli-
thography process with the use of a photomask.

[0128] As thesubstrate 400, a glass substrate which enables
mass production is preferably used. As a glass substrate used
for the substrate 400, a glass substrate whose strain point is
higher than or equal to 730° C. may be used when the tem-
perature of heat treatment to be performed in a later step is
high. For the substrate 400, for example, a glass material such
as aluminosilicate glass, aluminoborosilicate glass, or barium
borosilicate glass is used.

[0129] An insulating layer serving as a base layer may be
provided between the substrate 400 and the gate electrode
layer 401. The base layer has a function of preventing diffu-
sion of an impurity element from the substrate 400, and can be
formed with a single-layer or stacked-layer structure using
one or more of silicon nitride, silicon oxide, silicon nitride
oxide, and silicon oxynitride.

[0130] Silicon oxynitride refers to a substance that contains
alarger amount of oxygen than that of nitrogen. For example,
silicon oxynitride contains oxygen, nitrogen, silicon, and
hydrogen at concentrations of higher than or equal to 50 at. %
and lower than or equal to 70 at. %, higher than or equal to 0.5
at. % and lower than or equal to 15 at. %, higher than or equal
to 25 at. % and lower than or equal to 35 at. %, and higher than
or equal to 0 at. % and lower than or equal to 10 at. %,
respectively. In addition, silicon nitride oxide refers to a sub-
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stance that contains a larger amount of nitrogen than that of
oxygen. For example, silicon nitride oxide contains oxygen,
nitrogen, silicon, and hydrogen at concentrations of higher
than or equal to 5 at. % and lower than or equal to 30 at. %,
higher than or equal to 20 at. % and lower than or equal to 55
at. %, higher than or equal 25 at. % and lower than or equal to
35 at. %, and higher than or equal to 10 at. % and lower than
or equal to 25 at. %, respectively. Note that the above ranges
are obtained in the case where measurement is performed
using Rutherford backscattering spectrometry (RBS) and
hydrogen forward scattering spectrometry (HFS). Moreover,
the total of the percentages of the constituent elements does
not exceed 100 at. %.

[0131] The gate electrode layer 401 may be formed to have
a single-layer or stacked-layer structure using one or more of
the following materials: Al, Ti, Cr, Co, Ni, Cu, Y, Zr, Mo, Ag,
Ta, and W, a nitride of any of these elements, an oxide of any
of these elements, and an alloy of any of these elements.
Alternatively, an oxide or an oxynitride which contains at
least In and Zn may be used. For example, an In—Ga—Zn—
O—N-based oxide or the like can be used.

[0132] Next, a gate insulating layer 402 is formed over the
gate electrode layer 401. The gate insulating layer 402 is
formed by a sputtering method, an evaporation method, a
plasma-enhanced chemical vapor deposition (PCVD)
method, a pulsed laser deposition (PLD) method, an atomic
layer deposition (ALD) method, a molecular beam epitaxy
(MBE) method, or the like without exposure to the air after
the gate electrode layer 401 is formed.

[0133] It is preferable that an insulating film from which
oxygen is released by heat treatment be used as the gate
insulating layer 402.

[0134] To release oxygen by heat treatment means that the
released amount of oxygen which is converted into oxygen
atoms is greater than or equal to 1.0x10'® atoms/cm?, prefer-
ably greater than or equal to 3.0x10%° atoms/cm® in thermal
desorption spectroscopy (TDS) analysis.

[0135] Here, a method in which the amount of released
oxygen is measured by conversion into oxygen atoms using
TDS analysis will be described.

[0136] The amount of released gas in TDS analysis is pro-
portional to the integral value of a spectrum. Therefore, the
amount of released gas can be calculated from the ratio
between the integral value of a measured spectrum and the
reference value of a standard sample. The reference value of
a standard sample refers to the ratio of the density of a pre-
determined atom contained in a sample to the integral value of
a spectrum.

[0137] For example, the amount of the released oxygen
molecules (N,,) from an insulating film can be obtained
according to Formula (8) with the TDS analysis results of a
silicon wafer containing hydrogen at a predetermined density
which is the standard sample and the TDS analysis results of
the insulating film. Here, all spectra having a mass number of
32 which are obtained by the TDS analysis are assumed to
originate from an oxygen molecule. CH;OH, which is given
as a gas having a mass number of 32, is not taken into con-
sideration on the assumption that it is unlikely to be present.
Further, an oxygen molecule including an oxygen atom hav-
ing a mass number of 17 or 18 which is an isotope of an
oxygen atom is not taken into consideration either because the
proportion of such a molecule in the natural world is minimal.
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[0138] In Formula (8), N, is the value obtained by con-
version of the amount of hydrogen molecules released from
the standard sample into density. S, is the integral value of a
spectrum when the standard sample is subjected to TDS
analysis. Here, the reference value of the standard sample is
set to N,»/Sz. S, is the integral value of a spectrum when
the insulating film is subjected to TDS analysis. o is a coef-
ficient affecting the intensity of the spectrum in the TDS
analysis. Refer to Japanese Published Patent Application No.
H6-275697 for details of the Formula (8). Note that the
amount of released oxygen from the above insulating film is
measured with a thermal desorption spectroscopy apparatus
produced by ESCO Ltd., EMD-WA1000S/W, using a silicon
wafer containing hydrogen atoms at 1x10'6 atoms/cm? as the
standard sample.

[0139] Further, in the TDS analysis, oxygen is partly
detected as an oxygen atom. The ratio between oxygen mol-
ecules and oxygen atoms can be calculated from the ioniza-
tion rate of the oxygen molecules. Note that, since the above
a includes the ionization rate of the oxygen molecules, the
amount of the released oxygen atoms can also be estimated
through the evaluation of the amount of the released oxygen
molecules.

[0140] Note that N, is the amount of the released oxygen
molecules. The amount of released oxygen when converted
into oxygen atoms is twice the amount of the released oxygen
molecules.

[0141] In the above structure, the film from which oxygen
is released by heat treatment may be oxygen-excess silicon
oxide (Si0O, (X>2)). In the oxygen-excess silicon oxide (SiO,,
(X>2)), the number of oxygen atoms per unit volume is more
than twice the number of silicon atoms per unit volume. The
number of silicon atoms and the number of oxygen atoms per
unit volume are measured by Rutherford backscattering spec-
trometry.

[0142] Oxygen is supplied from the gate insulating layer
402 to an oxide semiconductor film in contact with the gate
insulating layer 402, whereby interface states between the
oxide semiconductor film and the gate insulating layer 402
which are in contact with each other can be reduced. As a
result, carrier trapping, occurring due to an operation of the
transistor or the like, at the interface between the oxide semi-
conductor film and the gate insulating layer 402 which are in
contact with each other can be suppressed, and thus, a tran-
sistor with less deterioration in electric characteristics can be
obtained.

[0143] Further, in some cases, electric charge is generated
owing to an oxygen vacancy in the oxide semiconductor film
in contact with the gate insulating layer. In general, part of
oxygen vacancies in an oxide semiconductor film serves as a
donor and causes release of an electron which is a carrier. As
a result, the threshold voltage of a transistor shifts in the
negative direction. In view of this, when oxygen is suffi-
ciently supplied from the gate insulating layer 402 to the
oxide semiconductor film provided in contact with the gate
insulating layer 402 and the oxide semiconductor film pro-
vided in contact with the gate insulating layer 402 preferably
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contains excess oxygen, oxygen vacancies in the oxide semi-
conductor film which cause the negative shift of the threshold
voltage can be reduced.

[0144] Foreasiercrystal growth in the oxide semiconductor
film in contact with the gate insulating layer 402, it is prefer-
able that the gate insulating layer 402 be sufficiently flat.

[0145] The gate insulating layer 402 may be formed to have
asingle-layer or stacked-layer structure, using one or more of
silicon oxide, silicon oxynitride, silicon nitride oxide, silicon
nitride, aluminum oxide, aluminum nitride, hafnium oxide,
zirconium oxide, yttrium oxide, lanthanum oxide, cesium
oxide, tantalum oxide, and magnesium oxide.

[0146] The gate insulating layer 402 is formed preferably
by a sputtering method in an oxygen gas atmosphere at a
substrate heating temperature of higher than or equal to room
temperature and lower than or equal to 200° C., preferably
higher than or equal to 50° C. and lower than or equal to 150°
C. Note that an oxygen gas to which a rare gas is added may
be used. In that case, the percentage of the oxygen gas is
higher than or equal to 30 vol. %, preferably higher than or
equal to 50 vol. %, more preferably higher than or equal to 80
vol. %. The thickness of the gate insulating layer 402 is
greater than or equal to 100 nm and less than or equal to 1000
nm, preferably greater than or equal to 200 nm and less than
orequal to 700 nm Lower substrate heating temperature at the
time of film formation, higher percentage of an oxygen gas in
a film formation atmosphere, or a larger thickness of the gate
insulating layer 402 leads to a larger amount of oxygen that is
released at the time of performing heat treatment on the gate
insulating layer 402. The concentration of hydrogen in the
film can be more reduced by a sputtering method than a
PCVD method. Note that the thickness of the gate insulating
layer 402 is set such that the productivity is not reduced,
although can be greater than 1000 nm.

[0147] Then, an oxide semiconductor film 403 is formed by
a sputtering method, an evaporation method, a PCVD
method, a PLD method, an ALD method, an MBE method, or
the like over the gate insulating film 402. The above steps
correspond to the cross-sectional view illustrated in FIG.
11A.

[0148] The thickness of the oxide semiconductor film 403
is greater than or equal to 1 nm and less than or equal to 40 nm,
preferably greater than or equal to 3 nm and less than or equal
to 20 nm In particular, in the case where the transistor has a
channel length of less than or equal to 30 nm and the oxide
semiconductor film 403 has a thickness of around 5 nm, a
short channel effect can be suppressed and stable electric
characteristics can be obtained.

[0149] In particular, when the oxide semiconductor film
403 is formed using an In—Sn—Z7n-based material, a tran-
sistor having high field-effect mobility can be obtained.

[0150] As for the oxide semiconductor film 403, a material
which has a band gap of greater than or equal to 2.5 eV,
preferably greater than or equal to 2.8 eV, more preferably
greater than or equal to 3.0 eV is selected in order to reduce
the off-state current of the transistor. With the use of the oxide
semiconductor film 403 with a band gap in the above range,
the off-state current of the transistor can be reduced.

[0151] In the oxide semiconductor film 403, preferably,
hydrogen, an alkali metal, an alkaline earth metal, and the like
are reduced and the concentration of impurities is very low.
When the oxide semiconductor film 403 contains any of the
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above impurities, recombination in a band gap occurs owing
to a level formed by the impurity, so that the transistor has
increased off-state current.

[0152] Specifically, the concentration of hydrogen in the
oxide semiconductor film 403, which is measured by second-
ary ion mass spectrometry (SIMS), is lower than 5x10*°
cm™>, preferably lower than or equal to 5x10"® cm™3, more
preferably lower than or equal to 1x10™® cm™, still more
preferably lower than or equal to 5x10*7 cm™3,

[0153] Further, as for alkali metal concentration in the
oxide semiconductor film 403, which is measured by SIMS,
the concentration of sodium is lower than or equal to 5x10*6
cm™>, preferably lower than or equal to 1x10'® cm™, more
preferably lower than or equal to 1x10*> cm™>. The concen-
tration of lithium is lower than or equal to 5x10"° cm™,
preferably lower than or equal to 1x10"> cm™>. The concen-
tration of potassium is lower than or equal to 5x10"> cm™2,
preferably lower than or equal to 1x10" cm™.

[0154] The oxide semiconductor film 403 is preferably
formed by a sputtering method in an oxygen gas atmosphere
at a substrate heating temperature of higher than or equal to
100° C. and lower than or equal to 600° C., preferably higher
than or equal to 150° C. and lower than or equal to 550° C.,
more preferably higher than or equal to 200° C. and lower
than or equal to 500° C. The thickness of the oxide semicon-
ductor film 403 is greater than or equal to 1 nm and less than
orequal to 40 nm, preferably greater than or equal to 3 nm and
less than or equal to 20 nm. As the substrate heating tempera-
ture at the time of film formation is higher, the impurity
concentration in the obtained oxide semiconductor film 403 is
lower. In addition, an atomic arrangement in the oxide semi-
conductor film 403 is ordered, and the density thereof is
increased, so that a polycrystalline oxide semiconductor film
ora CAAC-OS film can easily be formed. Furthermore, when
an oxygen gas atmosphere is employed for the deposition, an
unnecessary atom such as a rare gas atom is not contained in
the oxide semiconductor film 403, so that a polycrystalline
oxide semiconductor film or a CAAC-OS film is likely to be
formed. A mixed gas atmosphere including an oxygen gas
and a rare gas may be used. In that case, the percentage of an
oxygen gas is higher than or equal to 30 vol. %, preferably
higher than or equal to 50 vol. %, more preferably higher than
or equal to 80 vol. %. As the oxide semiconductor film 403 is
thinner, the short-channel effect of the transistor can be
reduced. However, when the oxide semiconductor film 403 is
too thin, the oxide semiconductor film 403 is significantly
influenced by interface scattering; thus, the field-effect
mobility might be decreased.

[0155] In the case of forming a film of an In—Sn—Z7n-
based oxide as the oxide semiconductor film 403 by a sput-
tering method, it is preferable to use an In—Sn—7n—0O
target having an atomic ratio of In:Sn:Zn 32 2:1:3, 1:2:2,
1:1:1, or 20:45:35. When the oxide semiconductor film 403 is
formed using an In—Sn—7n—O target having the afore-
mentioned composition ratio, a polycrystalline oxide semi-
conductor film or CAAC-OS film is easily formed.

[0156] Next, firstheat treatment is performed. The first heat
treatment is performed in a reduced pressure atmosphere, an
inert atmosphere, or an oxidizing atmosphere. By the first
heat treatment, the impurity concentration in the oxide semi-
conductor film 403 can be reduced. The above steps corre-
spond to the cross-sectional view illustrated in FIG. 11B.
[0157] The first heat treatment is preferably performed in
such a manner that heat treatment in a reduced pressure atmo-
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sphere or an inert gas atmosphere is completed and then, the
atmosphere is changed to an oxidizing atmosphere while the
temperature is kept, and heat treatment is further performed.
When the heat treatment is performed in a reduced pressure
atmosphere or an inert atmosphere, the impurity concentra-
tion in the oxide semiconductor film 403 can be effectively
reduced; however, oxygen vacancies are caused at the same
time. By the heat treatment in the oxidizing atmosphere, the
caused oxygen vacancies can be reduced.

[0158] By performing the first heat treatment on the oxide
semiconductor film 403 in addition to the substrate heating in
deposition, the impurity levels in the film can be significantly
reduced. Accordingly, the field-effect mobility of the transis-
tor can be increased so as to be close to ideal field-effect
mobility to be described later.

[0159] The oxide semiconductor film 403 may be crystal-
lized in the following manner: oxygen ions are implanted into
the oxide semiconductor film 403, impurities such as hydro-
gen included in the oxide semiconductor film 403 are released
by heat treatment, and the oxide semiconductor film 403 is
crystallized through the heat treatment or by another heat
treatment performed later.

[0160] Further, the oxide semiconductor film 403 may be
selectively crystallized not by the first heat treatment but by
irradiation with a laser beam. Alternatively, it is also possible
that the oxide semiconductor film 403 is selectively crystal-
lized by irradiation with a laser beam while the first heat
treatment is performed. Laser beam irradiation is performed
in an inert atmosphere, an oxidizing atmosphere, or a
reduced-pressure atmosphere. When laser beam irradiation is
performed, a continuous wave (CW) laser beam or a pulsed
laser beam can be used. For example, itis possible to use a gas
laser beam such as an Ar laser beam, a Kr laser beam, or an
excimer laser beam; a laser beam using, as a medium, single
crystal or polycrystalline YAG, YVO,, forsterite (Mg,SiO,,),
YAIO,;, or GAVO, doped with one or more of Nd, Yb, Cr, Ti,
Ho, Er, Tm, and Ta as a dopant; a solid-state laser beam such
as a glass laser beam, a ruby laser beam, an alexandrite laser
beam, or a Ti:sapphire laser beam; or a vapor laser beam
emitted using one or both of a copper vapor laser and a gold
vapor laser. By irradiation with the fundamental harmonic of
such a laser beam or any of the second harmonic to the fifth
harmonic of the fundamental harmonic of the laser beam, the
oxide semiconductor film 403 can be crystallized. Note that it
is preferable to use a laser beam having larger energy than a
band gap of the oxide semiconductor film 403. For example,
a laser beam emitted from a KrF, ArF, XeCl, or XeF excimer
laser may be used. Note that the shape of the laser beam may
be linear.

[0161] Note that laser beam irradiation may be performed
plural times under different conditions. For example, it is
preferable that first laser beam irradiation is performed in a
rare gas atmosphere or a reduced-pressure atmosphere, and
second laser beam irradiation is performed in an oxidizing
atmosphere because in that case, high crystallinity can be
obtained while oxygen vacancies in the oxide semiconductor
film 403 are reduced.

[0162] Then, the oxide semiconductor film 403 is pro-
cessed into an island shape by a photolithography process or
the like, so that an oxide semiconductor film 404 is formed.

[0163] Then, after a conductive film is formed over the gate
insulating layer 402 and the oxide semiconductor film 404, a
source electrode 405A and a drain electrode 405B are formed
through a photolithography process or the like. The condu-
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cive film may be formed by a sputtering method, an evapora-
tion method, a PCVD method, a PLD method, an ALD
method, an MBE method, or the like. The source electrode
405A and the drain electrode 405B may be formed as in the
case of the gate electrode layer 401 to have a single-layer
structure or a stacked-layer structure using one or more of the
following materials: Al, Ti, Cr, Co, Ni, Cu, Y, Zr, Mo, Ag, Ta,
and W, a nitride of any of these elements, an oxide of any of
these elements, and an alloy of any of these elements.
[0164] Then, an insulating film 406 to be an upper insulat-
ing film is formed by a sputtering method, an evaporation
method, a PCVD method, aPLD method, an ALD method, an
MBE method, or the like. The above steps correspond to the
cross-sectional view illustrated in FIG. 11C. The insulating
film 406 may be formed by a method similar to that of the gate
insulating layer 402.

[0165] A protective insulating film may be formed to be
stacked over the insulating film 406 (not illustrated). It is
preferable that the protective insulating film be a film through
which oxygen does not pass even when heat treatment at a
temperature of higher than or equal to 250° C. and lower than
or equal to 450° C., preferably higher than or equal to 150° C.
and lower than or equal to 800° C. is performed for one hour,
for example.

[0166] Inthe case where the protective insulating film with
such a property is provided in the periphery of the insulating
film 406, oxygen released from the insulating film 406 by heat
treatment can be inhibited from diffusing toward the outside
of the transistor. Since oxygen is held in the insulating film
406 in this manner, the field-effect mobility of the transistor
can be prevented from decreasing, variation in the threshold
voltage can be reduced, and the reliability can be improved.
[0167] The protective insulating film may be formed to
have a single-layer structure or a stacked-layer structure
including at least one of silicon nitride oxide, silicon nitride,
aluminum oxide, aluminum nitride, hafnium oxide, zirco-
nium oxide, yttrium oxide, lanthanum oxide, cesium oxide,
tantalum oxide, and magnesium oxide.

[0168] After the insulating film 406 is formed, second heat
treatment is performed. The above steps correspond to the
cross-sectional view illustrated in FIG. 11D. The second heat
treatment is performed at a temperature of higher than or
equal to 150° C. and lower than or equal to 550° C., preferably
higher than or equal to 250° C. and lower than or equal to 400°
C. in a reduced pressure atmosphere, an inert atmosphere, or
an oxidation atmosphere. By the second heat treatment, oxy-
gen is released from the gate insulating layer 402 and the
insulating film 406, so that oxygen vacancies in the oxide
semiconductor film 404 can be reduced. In addition, interface
states between the gate insulating layer 402 and the oxide
semiconductor film 404 and interface states between the
oxide semiconductor film 404 and the insulating film 406 can
be reduced, so that variation in threshold voltage of the tran-
sistor can be reduced, and the reliability thereof can be
improved.

[0169] Although the transistor illustrated in FIG. 11D has a
bottom gate structure, it has a structure equivalent to the
structures of the transistors illustrated in FIGS. 6 A and 6B.
That is, the semiconductor region 1035 overlapping with the
gate 105 in FIGS. 6A and 6B corresponds to the oxide semi-
conductor film 404 in FIG. 11D. In addition, the semiconduc-
tor region 1034 and the semiconductor region 103¢ having
n*-type conductivity in FIGS. 6A and 6B corresponds to a
contact region of the source electrode 405A and the oxide
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semiconductor film 404 and a contact region of the drain
electrode 405B and the oxide semiconductor 404 in FIG.
11D. Thus, when interface states between the gate insulating
layer 402 and the oxide semiconductor film 404 and interface
states between the oxide semiconductor film 404 and the
insulating film 406 are reduced, high field-effect mobility as
in the result of the calculation can be obtained.

[0170] The transistor including the oxide semiconductor
film 404 subjected to the first heat treatment and the second
heat treatment has high field-effect mobility and a small off-
state current. Specifically, the field-effect mobility of the tran-
sistor can be higher than or equal to 80 cm®/Vs, preferably
higher than or equal to 120 cm®/Vs, and the off-state current
per micrometer of the channel width can be lower than or
equalto 1x107*% A, lower than orequal to 1x1072! A, or lower
than or equal to 1x1072* A,

[0171] The oxide semiconductor film 404 is preferably
non-single-crystal. If operation of the transistor or light or
heat from the outside causes oxygen vacancies in the oxide
semiconductor film 404 which is completely single crystal, a
carrier due to the oxygen vacancy is generated in the oxide
semiconductor film 404 owing to the absence of oxygen
between lattices which compensate the oxygen vacancy; as a
result, the threshold voltage of the transistor shifts in the
negative direction in some cases.

[0172] The oxide semiconductor film 404 preferably has
crystallinity. For example, a polycrystalline oxide semicon-
ductor film or a CAAC-OS film is used.

[0173] Through the above-described steps, the transistor
407 illustrated in FIG. 11D can be manufactured.

[0174] As another structural example, an example in which
a channel-stop bottom gate transistor is manufactured is
described with reference to FIGS. 12A to 12D.

[0175] The transistor illustrated in FIGS. 12A to 12D is
different from the transistor in FIGS. 11A to 11D in that it
includes aninsulating film 408 serving as a channel-stop film.
In the description of FIGS. 12A to 12D, description of part in
common to FIGS. 11A to 11D is omitted and for the common
part, the description of FIGS. 11A to 11D may be referred to.
[0176] Description about FIGS. 12A and 12B is similar to
that about FIGS. 11A and 11B. The insulating film 408 illus-
trated in FIG. 12C can be formed in a manner similar to that
of the gate insulating layer 402 and the insulating film 406.
That is, the insulating film 408 is preferably formed using an
insulating film from which oxygen is released by heat treat-
ment.

[0177] By providing the insulating film 408 serving as a
channel-stop film, the oxide semiconductor film 404 can be
prevented from being etched when the source electrode 405A
and the drain electrode 405B are formed by a photolithogra-
phy process or the like.

[0178] Like the insulating film 406, oxygen is released
from the insulating film 408 by the second heat treatment
which is performed after the insulating film 406 illustrated in
FIG. 12D is formed. Therefore, an effect of reducing oxygen
vacancies in the oxide semiconductor film 404 can be
improved. In addition, interface states between the gate insu-
lating layer 402 and the oxide semiconductor film 404 and
interface states between the oxide semiconductor film 404
and the insulating film 408 can be reduced, so that variation in
threshold voltage of the transistor can be reduced, and the
reliability thereof can be improved.

[0179] Through the above-described steps, a transistor 409
illustrated in FIG. 12D can be manufactured.
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[0180] FIG. 13A is a top view of the case where a channel-
etched bottom gate transistor is applied to a sampling transis-
tor of a pixel. FIG. 13B is a cross-sectional view taken along
chain line C1-C2 in the top view of FIG. 13A.

[0181] The cross-sectional view of FIG. 13B can be
described as in the case of the channel-etched bottom gate
transistor illustrated in FIGS. 11A to 11D. The top view of the
sampling transistor of the pixel illustrated in FIG. 13A can
also be similarly described. For example, in a pixel portion, a
signal line corresponds to the source electrode 405A and a
scan line corresponds to the gate electrode layer 401, and a
channel formation region corresponds to the oxide semicon-
ductor film 404. An electrode extending from the sampling
transistor to the driving transistor corresponds to the drain
electrode 405B.

[0182] As described above, the channel-etched bottom gate
transistor 407 can be applied to the sampling transistor of the
pixel.

[0183] FIG. 14A is a top view of the case where a channel-
stop bottom gate transistor is applied to a sampling transistor
of a pixel. FIG. 14B is a cross-sectional view taken along
chain line C1-C2 in the top view of FIG. 14A.

[0184] Thecross-sectional view of FIG. 14B is described as
in the case of the channel-stop bottom gate transistor illus-
trated in FIGS. 12A to 12D. The top view of the sampling
transistor of the pixel illustrated in FIG. 14A can also be
similarly described. For example, in a pixel portion, a signal
line corresponds to the source electrode 405A and a scan line
corresponds to the gate electrode layer 401, and a channel
formation region corresponds to the oxide semiconductor
film 404. An electrode extending from the sampling transistor
to the driving transistor corresponds to the drain electrode
405B, and a channel-stop film corresponds to the insulating
film 408.

[0185] As described above, the channel-stop bottom gate
transistor 409 can be applied to the sampling transistor of the
pixel.

[0186] According to this embodiment, it is possible to pro-

vide a highly reliable transistor having high field-effect
mobility and extremely small off-state current which includes
an oxide semiconductor and in which variation in threshold
voltage is small.

Embodiment 3

[0187] In this embodiment, a c-axis aligned crystalline
oxide semiconductor (CAAC-OS) film will be described in
detail.

[0188] The CAAC-OS film is not completely single crystal
nor completely amorphous. The CAAC-OS film is an oxide
semiconductor film with a crystal-amorphous mixed phase
structure where crystal parts and amorphous parts are
included in an amorphous phase. Note that in most cases, the
crystal part fits inside a cube whose one side is less than 100
nm From an observation image obtained with a transmission
electron microscope (TEM), a boundary between an amor-
phous part and a crystal part in the CAAC-OS film is not clear.
Further, with the TEM, a grain boundary in the CAAC-OS
film is not found. Thus, in the CAAC-OS film, a reduction in
electron mobility, due to the grain boundary, is suppressed.
[0189] In each of the crystal parts included in the CAAC-
OS film, a c-axis is aligned in a direction parallel to a normal
vector of a surface where the CAAC-OS film is formed or a
normal vector of a surface of the CAAC-OS film, triangular or
hexagonal atomic arrangement which is seen from the direc-
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tion perpendicular to the a-b plane is formed, and metal atoms
are arranged in a layered manner or metal atoms and oxygen
atoms are arranged in a layered manner when seen from the
direction perpendicular to the c-axis. Note that, among crystal
parts, the directions of the a-axis and the b-axis of one crystal
part may be different from those of another crystal part. In this
specification, a simple term “perpendicular” includes a range
from 85° to 95°. In addition, a simple term “parallel” includes
a range from -5° to 5°.

[0190] Inthe CAAC-OS film, distribution of crystal parts is
not necessarily uniform. For example, in the formation pro-
cess of the CAAC-OS film, in the case where crystal growth
occurs from a surface side of the oxide semiconductor film,
the proportion of crystal parts in the vicinity of the surface of
the oxide semiconductor film is higher than that in the vicinity
of the surface where the oxide semiconductor film is formed
in some cases. Further, when an impurity is added to the
CAAC-OS film, the crystal part in a region to which the
impurity is added becomes amorphous in some cases.
[0191] Since the c-axes of the crystal parts included in the
CAAC-OS film are aligned in the direction parallel to a nor-
mal vector of a surface where the CAAC-OS film is formed or
a normal vector of a surface of the CAAC-OS film, the direc-
tions of the c-axes may be different from each other depend-
ing on the shape of the CAAC-OS film (the cross-sectional
shape of the surface where the CAAC-OS film is formed or
the cross-sectional shape of the surface of the CAAC-OS
film). Note that when the CAAC-OS film is formed, the
direction of the c-axis of the crystal part is the direction
parallel to a normal vector of the surface where the CAAC-OS
film is formed or a normal vector of the surface of the CAAC-
OS film. The crystal part is formed by deposition or by per-
forming treatment for crystallization such as heat treatment
after deposition.

[0192] With the use of the CAAC-OS film in a transistor,
change in electric characteristics of the transistor due to irra-
diation with visible light or ultraviolet light can be reduced.
Thus, the transistor has high reliability.

[0193] CAAC-OS will be described in detail with reference
to FIGS. 15A to 15E, FIGS. 16A to 16C, and FIGS. 17A to
17C.InFIGS. 15A to 15E, FIGS. 16A to 16C, and FIGS. 17A
to 17C, the vertical direction corresponds to the c-axis direc-
tion and a plane perpendicular to the c-axis direction corre-
sponds to the a-b plane, unless otherwise specified. When the
expressions “an upper half” and “a lower half” are simply
used, they refer to an upper half above the a-b plane and a
lower half below the a-b plane (an upper half and a lower half
with respect to the a-b plane). Furthermore, in FIGS. 15A to
15E, O surrounded by a circle represents tetracoordinate O
and O surrounded by a double circle represents tricoordinate
0.

[0194] FIG. 15A illustrates a structure including one hexa-
coordinate In atom and six tetracoordinate oxygen (hereinaf-
ter referred to as tetracoordinate O) atoms proximate to the In
atom. Here, a structure including one metal atom and oxygen
atoms proximate thereto is referred to as a small group. The
structure in FIG. 15A is actually an octahedral structure, but
is illustrated as a planar structure for simplicity. Note that
three tetracoordinate O atoms exist in each of an upper half
and a lower halfin FIG. 15A. In the small group illustrated in
FIG. 15A, electric charge is 0.

[0195] FIG. 15B illustrates a structure including one pen-
tacoordinate Ga atom, three tricoordinate oxygen (hereinafter
referred to as tricoordinate O) atoms proximate to the Ga
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atom, and two tetracoordinate O atoms proximate to the Ga
atom. All the tricoordinate O atoms exist on the a-b plane.
One tetracoordinate O atom exists in each of an upper halfand
a lower half in FIG. 15B. An In atom can also have the
structure illustrated in FIG. 15B because an In atom can have
five ligands. In the small group illustrated in FIG. 15B, elec-
tric charge is 0.

[0196] FIG. 15C illustrates a structure including one tetra-
coordinate Zn atom and four tetracoordinate O atoms proxi-
mate to the Zn atom. In FIG. 15C, one tetracoordinate O atom
exists in an upper half and three tetracoordinate O atoms exist
in a lower half. Alternatively, three tetracoordinate O atoms
may exist in the upper half and one tetracoordinate O atom
may exist in the lower half in FIG. 15C. In the small group
illustrated in FIG. 15C, electric charge is 0.

[0197] FIG. 15D illustrates a structure including one hexa-
coordinate Sn atom and six tetracoordinate O atoms proxi-
mate to the Sn atom. In FIG. 15D, three tetracoordinate O
atoms exist in each of an upper half and a lower half In the
small group illustrated in FIG. 15D, electric charge is +1.

[0198] FIG. 15E illustrates a small group including two Zn
atoms. In FIG. 15E, one tetracoordinate O atom exists in each
of an upper half and a lower half In the small group illustrated
in FIG. 15E, electric charge is -1.

[0199] Here, a plurality of small groups form a medium
group, and a plurality of medium groups form a large group
(also referred to as a unit cell).

[0200] Now, a rule of bonding between the small groups
will be described. The three O atoms in the upper half with
respect to the hexacoordinate In atom in FIG. 15A each have
three proximate In atoms in the downward direction, and the
three O atoms in the lower half each have three proximate In
atoms in the upward direction. The one O atom in the upper
half with respect to the pentacoordinate Ga atom in FIG. 15B
has one proximate Ga atom in the downward direction, and
the one O atom in the lower half has one proximate Ga atom
in the upward direction. The one O atom in the upper half with
respect to the tetracoordinate Zn atom in FIG. 15C has one
proximate Zn atom in the downward direction, and the three
O atoms in the lower half each have three proximate Zn atoms
in the upward direction. In this manner, the number of tetra-
coordinate O atoms above a metal atom is equal to the number
of metal atoms proximate to and below the tetracoordinate O
atoms; similarly, the number of tetracoordinate O atoms
below a metal atom is equal to the number of metal atoms
proximate to and above the tetracoordinate O atoms. Since
the coordination number of the tetracoordinate O atom is 4,
the sum of the number of the metal atoms proximate to and
below the O atom and the number of the metal atoms proxi-
mate to and above the O atom is 4. Accordingly, when the sum
of the number of tetracoordinate O atoms above a metal atom
and the number of tetracoordinate O atoms below another
metal atom is 4, the two kinds of small groups including the
metal atoms can be bonded. The reason will be described
hereinafter. For example, in the case where the hexacoordi-
nate metal (In or Sn) atom is bonded through three tetracoor-
dinate O atoms in the lower half, it is bonded to the pentaco-
ordinate metal (Ga or In) atom or the tetracoordinate metal
(Zn) atom.

[0201] A metal atom whose coordination numberis 4, 5, or
6 is bonded to another metal atom through a tetracoordinate O
atom in the c-axis direction. In addition to the above, a
medium group can be formed in a different manner by com-
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bining a plurality of small groups so that the total electric
charge of the layered structure is 0.

[0202] FIG. 16A illustrates a model of a medium group
included in a layered structure of an In—Sn—Z7n-based oxide
material. FIG. 16B illustrates a large group including three
medium groups. Note that FIG. 16C illustrates an atomic
arrangement in the case where the layered structure in FIG.
16B is observed from the c-axis direction.

[0203] In FIG. 16A, a tricoordinate O atom is omitted for
simplicity, and a tetracoordinate O atom is illustrated by a
circle; the number in the circle shows the number of tetraco-
ordinate O atoms. For example, three tetracoordinate O atoms
existing in each of an upper half and a lower half with respect
to a Sn atom are denoted by circled 3. Similarly, in FIG. 16A,
one tetracoordinate O atom existing in each of an upper half
and a lower half with respect to an In atom is denoted by
circled 1. FIG. 16A also illustrates a Zn atom proximate to
one tetracoordinate O atom in a lower half and three tetraco-
ordinate O atoms in an upper half, and a Zn atom proximate to
one tetracoordinate O atom in an upper half and three tetra-
coordinate O atoms in a lower half.

[0204] In the medium group included in the layered struc-
ture of the In—Sn—~Zn-based oxide material in FIG. 16A, in
the order starting from the top, a Sn atom proximate to three
tetracoordinate O atoms in each of an upper half and a lower
half'is bonded to an In atom proximate to one tetracoordinate
O atom in each of an upper half and a lower half, the In atom
is bonded to a Zn atom proximate to three tetracoordinate O
atoms in an upper half, the Zn atom is bonded to an In atom
proximate to three tetracoordinate O atoms in each of an
upper half and a lower half through one tetracoordinate O
atom in a lower half with respect to the Zn atom, the In atom
is bonded to a small group that includes two Zn atoms and is
proximate to one tetracoordinate O atom in an upper half, and
the small group is bonded to a Sn atom proximate to three
tetracoordinate O atoms in each of an upper half and a lower
half through one tetracoordinate O atom in a lower half with
respect to the small group. A plurality of such medium groups
are bonded, so that a large group is formed.

[0205] Here, electric charge for one bond of a tricoordinate
O atom and electric charge for one bond of a tetracoordinate
O atom can be assumed to be —0.667 and -0.5, respectively.
For example, electric charge of a (hexacoordinate or penta-
coordinate) In atom, electric charge of a (tetracoordinate) Zn
atom, and electric charge of a (pentacoordinate or hexacoor-
dinate) Sn atom are +3, +2, and +4, respectively. Accordingly,
electric charge of a small group including a Sn atom is +1.
Therefore, electric charge of -1, which cancels +1, is needed
to form a layered structure including a Sn atom. As a structure
having electric charge of -1, the small group including two
Zn atoms as illustrated in FIG. 15E can be given. For example,
with one small group including two Zn atoms, electric charge
of one small group including a Sn atom can be cancelled, so
that the total electric charge of the layered structure can be 0.
[0206] When the large group illustrated in FIG. 16B is
repeated, crystal of an In—Sn—Z7n-based oxide material
(In,SnZn,Oy) can be obtained. Note that a layered structure
of the obtained crystal of an In—Sn—Zn-based oxide mate-
rial can be expressed as a composition formula, In,SnZn,0,
(Zn0),, (m is O or a natural number).

[0207] The above-described rule also applies to the follow-
ing oxides: a four-component metal oxide such as an
In—Sn—Ga—Zn-based oxide; a three-component metal
oxide such as an In—Ga—Zn-based oxide (also referred to as
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1GZO), an In—Al—Zn-based oxide, a Sn—Ga—Zn-based
oxide, an Al-—Ga—Zn-based oxide, a Sn—Al—Zn-based
oxide, an In—Hf—Zn-based oxide, an In—La—Zn-based
oxide, an In—Ce—Zn-based oxide, an In—Pr—Zn-based
oxide, an In—Nd—Zn-based oxide, an In—Pm—Zn-based
oxide, an In—Sm—Zn-based oxide, an In—Fu—Zn-based
oxide, an In—Gd—Zn-based oxide, an In—Tb—Zn-based
oxide, an In—Dy—Zn-based oxide, an In—Ho—Zn-based
oxide, an In—Er—Zn-based oxide, an In—Tm—Zn-based
oxide, an In—Yb—Zn-based oxide, or an In—Lu—Zn-
based oxide; a two-component metal oxide such as an
In—7n-based oxide, a Sn—Zn-based oxide, an Al—Zn-
based oxide, a Zn—Mg-based oxide, a Sn—Mg-based oxide,
an In—Mg-based oxide, or an In—Ga-based oxide; a one-
component metal oxide such as an In-based oxide, a Sn-based
oxide, or a Zn-based oxide; and the like.

[0208] For example, FIG. 17A illustrates a model of a
medium group included in a layered structure of an In—Ga—
Zn-based oxide material.

[0209] In the medium group included in the layered struc-
ture of the In—Ga—Zn-based oxide material in FIG. 17A, in
the order starting from the top, an In atom proximate to three
tetracoordinate O atoms in each of an upper half and a lower
half'is bonded to a Zn atom proximate to one tetracoordinate
O atom in an upper half, the Zn atom is bonded to a Ga atom
proximate to one tetracoordinate O atom in each of an upper
half and a lower halfthrough three tetracoordinate O atoms in
a lower half with respect to the Zn atom, and the Ga atom is
bonded to an In atom proximate to three tetracoordinate O
atoms in each of an upper half and a lower half through one
tetracoordinate O atom in a lower half with respect to the Ga
atom. A plurality of such medium groups are bonded, so that
a large group is formed.

[0210] FIG. 17B illustrates a large group including three
medium groups. Note that FIG. 17C illustrates an atomic
arrangement in the case where the layered structure in FIG.
17B is observed from the c-axis direction.

[0211] Here, since electric charge of a (hexacoordinate or
pentacoordinate) In atom, electric charge of a (tetracoordi-
nate) Zn atom, and electric charge of a (pentacoordinate) Ga
atom are +3, +2, and +3, respectively, electric charge of a
small group including any of an In atom, a Zn atom, and a Ga
atom is 0. As a result, the total electric charge of a medium
group having a combination of such small groups is always 0.
[0212] In order to form the layered structure of the
In—Ga—Zn-based oxide material, a large group can be
formed using not only the medium group illustrated in FIG.
17A but also a medium group in which the arrangement of the
In atom, the Ga atom, and the Zn atom is different from that
in FIG. 17A.

[0213] This embodiment can be implemented in appropri-
ate combination with the structures described in the other
embodiments.

Embodiment 4

[0214] In this embodiment, appearance and a cross section
of'an EL display device having a display function and using
transistors including oxide materials in a pixel portion and a
driver circuit will be described with reference to FIGS. 18A
and 18B. FIG. 18A is a plan view of a panel in which a
transistor which includes a stacked oxide material including a
c-axis-aligned crystal layer and an EL element formed over a
first substrate are sealed between the first substrate and a
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second substrate with a sealant. FIG. 18B is a cross-sectional
view taken along line H-I of FIG. 18A.

[0215] A sealant 4505 is provided to surround a pixel por-
tion 4502, a signal line driver circuit 4503, a scan line driver
circuit 4504, and a power supply line driver circuit 4500,
which are provided over a first substrate 4501. Further, a
second substrate 4506 is provided over the pixel portion 4502,
the signal line driver circuit 4503, the scan line driver circuit
4504, and the power supply line driver circuit 4500. Accord-
ingly, the pixel portion 4502, the signal line driver circuit
4503, the scan line driver circuit 4504, and the power supply
line driver circuit 4500 are sealed together with a filler 4507,
by the first substrate 4501, the sealant 4505, and the second
substrate 4506. It is preferable that a panel be packaged
(sealed) with a protective film (such as a laminate film or an
ultraviolet curable resin film) or a cover material with high
air-tightness and little degasification so that the panel is not
exposed to the outside air, in this manner.

[0216] The pixel portion 4502, the signal line driver circuit
4503, the scan line driver circuit 4504, and the power supply
line driver circuit 4500 formed over the first substrate 4501
each include a plurality of transistors, and a transistor 4510
included in the pixel portion 4502 and a transistor 4509
included in the signal line driver circuit 4503 are illustrated as
an example in FIG. 18B.

[0217] For the transistors 4509 and 4510, the transistor
described in Embodiment 2 can be employed. In this embodi-
ment, the transistors 4509 and 4510 are n-channel transistors.
[0218] Over an insulating layer 4544, a conductive layer
4540 is provided in a position overlapping with a channel
formation region of an oxide semiconductor layer of the
transistor 4509 used for the driver circuit. By providing the
conductive layer 4540 so as to overlap with the channel for-
mation region of the oxide semiconductor layer, the amount
of change in the threshold voltage of the transistor 4509
before and after the BT test can be reduced. Further, potential
of the conductive layer 4540 may be the same as or different
from that of a gate electrode layer of the transistor 4509. The
conductive layer 4540 can function also as a second gate
electrode layer. Alternatively, the potential of the conductive
layer 4540 may be GND or 0V, or the conductive layer 4540
may be in a floating state.

[0219] In the transistor 4509, an insulating layer 4541 is
formed in contact with the semiconductor layer including the
channel formation region, as a protective insulating layer.
Moreover, the insulating layer 4544 functioning as a pla-
narization insulating layer covers the transistors in order to
reduce surface unevenness due to the transistors. Here, a
silicon oxide layer is formed as the insulating layer 4541 by a
sputtering method.

[0220] Theinsulating layer 4544 is formed as the planariza-
tion insulating layer over the insulating layer 4541. As the
insulating layer 4544, an organic material having heat resis-
tance such as polyimide, acrylic, a benzocyclobutene-based
resin, polyamide, or epoxy can be used. Other than 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. Note that the insulating layer 4544 may
be formed by stacking a plurality of insulating layers formed
using any of these materials. Here, acrylic is used for the
insulating layer 4544.

[0221] Note that reference numeral 4511 denotes an EL
element. A first electrode layer 4517 which is a pixel electrode
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included in the EL element 4511 is electrically connected to
a source electrode layer or a drain electrode layer of the
transistor 4510. Note that the structure of the EL element
4511 is not limited to a stacked-layer structure of the first
electrode layer 4517, an electroluminescent layer 4512, and a
second electrode layer 4513. The structure of the EL element
4511 can be changed as appropriate depending on the direc-
tion in which light is extracted from the EL element 4511, or
the like.

[0222] A partition 4520 is made of an organic resin layer, an
inorganic insulating layer, or organic polysiloxane. It is par-
ticularly preferable that the partition 4520 be formed using a
photosensitive material and an opening be formed over the
first electrode layer 4517 so that a sidewall of the opening is
formed as an inclined surface with continuous curvature.
[0223] The electroluminescent layer 4512 may be formed
with a single layer or a plurality of layers stacked.

[0224] A protective layer may be formed over the second
electrode layer 4513 and the partition 4520 in order to prevent
oxygen, hydrogen, moisture, carbon dioxide, or the like from
entering the EL element 4511. As the protective layer, a
silicon nitride layer, a silicon nitride oxide layer, a DLC layer,
or the like can be formed.

[0225] In addition, a variety of signals and potentials are
supplied from an FPC 4518 to the signal line driver circuit
4503, the scan line driver circuit 4504, the power supply line
driver circuit 4500, and the pixel portion 4502.

[0226] A connection terminal electrode 4515 is formed
using the same conductive layer as the first electrode layer
4517 included in the EL element 4511, and a terminal elec-
trode 4516 is formed using the same conductive layer as the
source and drain electrode layers included in the transistors
4509 and 4510.

[0227] The connection terminal electrode 4515 is electri-
cally connected to a terminal of the FPC 4518 through an
anisotropic conductive layer 4519.

[0228] The second substrate positioned in the direction in
which light is extracted from the EL element 4511 needs to
have light-transmitting properties. In that case, a light-trans-
mitting material such as a glass plate, a plastic plate, a poly-
ester film, or an acrylic film is used for the second substrate.
[0229] As the filler 4507, an ultraviolet curable resin or a
thermosetting resin can be used, in addition to an inert gas
such as nitrogen or argon. For example, polyvinyl chloride
(PVCQ), acrylic, polyimide, an epoxy resin, a silicone resin,
polyvinyl butyral (PVB), or ethylene vinyl acetate (EVA) can
be used. For example, nitrogen is used for the filler.

[0230] As needed, an optical film, such as a polarizing
plate, a circularly polarizing plate (including an elliptically
polarizing plate), a retardation plate (a quarter-wave plate or
ahalf-wave plate), or a color filter, may be provided as appro-
priate on a light-emitting surface of the EL element. Further,
the polarizing plate or the circularly polarizing plate may be
provided with an anti-reflection film. For example, anti-glare
treatment by which reflected light can be diffused by projec-
tions and depressions on the surface so as to reduce the glare
can be performed.

[0231] Through the above process, the EL display device
with a narrow frame can be manufactured.

[0232] This embodiment can be implemented in appropri-
ate combination with the structures described in the other
embodiments.

Embodiment 5

[0233] AnEL display device disclosed in this specification
can be applied to a variety of electronic devices (including



US 2012/0287027 Al

game machines). Examples of electronic devices are a tele-
vision set (also referred to as a television or a television
receiver), a monitor of a computer or the like, a camera such
as a digital camera or a digital video camera, a digital photo
frame, a mobile phone handset (also referred to as a mobile
phone or a mobile phone device), a portable game console, a
portable information terminal, an audio reproducing device, a
large-sized game machine such as a pachinko machine, and
the like.

[0234] FIG. 19 illustrates a television set 9600 as one
example of such electronic devices. In the television set 9600,
a display portion 9603 is incorporated in a housing 9601. The
display portion 9603 can display images. Here, the housing
9601 is supported by a stand 9605.

[0235] The television set 9600 can be operated with an
operation switch of the housing 9601 or a separate remote
controller 9610. Channels and volume can be controlled with
an operation key 9609 of the remote controller 9610 so that an
image displayed on the display portion 9603 can be con-
trolled. Furthermore, the remote controller 9610 may be pro-
vided with a display portion 9607 for displaying data output
from the remote controller 9610.

[0236] Inthe display portion 9603, a plurality of transistors
described in Embodiment 2 are provided as switching ele-
ments of pixels, and a transistor described in Embodiment 2 is
provided in a driver circuit such as a power supply line driver
circuit formed over the same insulating substrate as the dis-
play portion 9603. Accordingly, the television set with a
narrow frame can be manufactured.

[0237] This embodiment can be implemented in appropri-
ate combination with the structures described in the other
embodiments.

EXAMPLE 1

[0238] In this example, a crystal state of an In—Sn—Z7n-
based oxide film is described.

[0239] First, X-ray diffraction (XRD) analysis of an
In—Sn—Zn-based oxide film was conducted. The XRD
analysis was conducted using an X-ray diffractometer D8
ADVANCE manufactured by Bruker AXS, and measurement
was performed by an out-of-plane method.

[0240] Sample A and Sample B were prepared and the
XRD analysis was performed thereon. A method for manu-
facturing Sample A and Sample B will be described below.
[0241] First, a quartz substrate which had been subjected to
dehydrogenation treatment was prepared.

[0242] Next, an In—Sn—~Zn-based oxide film with a thick-
ness of 100 nm was formed over the quartz substrate.

[0243] The In—Sn—Zn-based oxide film was formed with
a sputtering apparatus with a power of 100 W (DC) in an
oxygen atmosphere. An In—Sn—Z7n—O target of In:Sn:
Zn=1:1:1 [atomic ratio] was used as a target. Note that the
substrate heating temperature in film formation was set at
room temperature or 200° C. A sample manufactured in this
manner was used as Sample A.

[0244] Next, a sample manufactured by a method similar to
that of Sample A was subjected to heat treatment at 650° C. As
the heat treatment, heat treatment in a nitrogen atmosphere
was first performed for one hour and heat treatment in an
oxygen atmosphere was further performed for one hour with-
out lowering the temperature. A sample manufactured in this
manner was used as Sample B.

[0245] FIG. 20 shows XRD spectra of Sample A and
Sample B. No peak derived from crystal was observed in
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Sample A, whereas peaks derived from crystal were observed
when 2m was around 35 deg. and at 37 deg. to 38 deg. in
Sample B.

[0246] FIG. 21 and FIG. 22 are cross-sectional images of
Sample B which were obtained with a transmission electron
microscope (TEM).

[0247] FIG. 21 is a cross-sectional TEM image at a magni-
fication of 0.5 million times, and FIG. 22 is a cross-sectional
TEM image at a magnification of 4 million times. Note that
H-9000NAR manufactured by Hitachi, Ltd was used as the
TEM, and the acceleration voltage was 300 kV.

[0248] Ascanbeseenin FIG. 21 and FIG. 22, the In—Sn—
Zn-based oxide film of Sample B is polycrystalline, where
crystals are oriented in various directions.

[0249] This application is based on Japanese Patent Appli-
cation serial no. 2011-107763 filed with Japan Patent Office
on May 13, 2011, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A display device comprising:

a plurality of pixels over a substrate;

a plurality of signal lines over the substrate;

a plurality of scan lines over the substrate;

a plurality of power supply lines over the substrate;

a transistor with a field-effect mobility of higher than or

equal to 80 cm?*/V’s over the substrate; and

apower supply line driver circuit comprising the transistor,

the transistor being configured to drive one of the plu-
rality of power supply lines,

wherein the transistor comprises an oxide semiconductor

layer.

2. The display device according to claim 1, wherein the
transistor has a field-effect mobility of higher than or equal to
120 cm*/Vs.

3. The display device according to claim 1, wherein one of
the plurality of pixels comprises a sampling transistor and a
driving transistor, and wherein each of the sampling transistor
and the driving transistor comprises an oxide semiconductor
layer.

4. The display device according to claims 1, wherein the
oxide semiconductor layer comprises at least a channel for-
mation region overlapping with a gate electrode layer with a
gate insulating layer interposed therebetween.

5. The display device according to claim 4, wherein the
oxide semiconductor layer is a highly purified oxide semi-
conductor layer.

6. The display device according to claim 5, wherein the
highly purified oxide semiconductor layer is a semiconductor
which contains at least one kind of element selected from the
group consisting of In, Sn, and Zn.

7. The display device according to claim 1, wherein the
display device is an active matrix EL display device.

8. A display device comprising:

a plurality of pixels over a substrate;

a plurality of signal lines over the substrate;

a plurality of scan lines over the substrate;

a plurality of power supply lines over the substrate;

a first transistor over the substrate;

a second transistor over the substrate;

a power supply line driver circuit comprising the first tran-

sistor, the first transistor being configured to drive one of
the plurality of power supply lines; and
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a scan line driver circuit comprising the second transistor,
the second transistor being configured to drive one of the
plurality of scan lines,

wherein each of the first transistor and the second transistor
comprises an oxide semiconductor layer, and

wherein each of the first transistor and the second transistor
has a field-effect mobility of higher than or equal to 80
cm?/Vs.

9. The display device according to claim 8, wherein each of
the first transistor and the second transistor has a field-effect
mobility of higher than or equal to 120 cm*/Vs.

10. The display device according to claim 8, wherein one of
the plurality of pixels comprises a sampling transistor and a
driving transistor, and wherein each of the sampling transistor
and the driving transistor comprises an oxide semiconductor
layer.

11. The display device according to claim 8, wherein the
oxide semiconductor layer comprises at least a channel for-
mation region overlapping with a gate electrode layer with a
gate insulating layer interposed therebetween.

12. The display device according to claim 11, wherein the
oxide semiconductor layer is a highly purified oxide semi-
conductor layer.

13. The display device according to claim 12, wherein the
highly purified oxide semiconductor layer is a semiconductor
which contains at least one kind of element selected from the
group consisting of In, Sn, and Zn.

14. The display device according to claim 8, wherein the
display device is an active matrix EL display device.

15. A display device comprising:

a plurality of pixels over a substrate;

a plurality of signal lines over the substrate;

a plurality of scan lines over the substrate;

a plurality of power supply lines over the substrate;

a first transistor over the substrate;

a second transistor over the substrate;

a third transistor over the substrate;

16
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a power supply line driver circuit comprising the first tran-
sistor, the first transistor being configured to drive one of
the plurality of power supply lines;

a scan line driver circuit comprising the second transistor,
the second transistor being configured to drive one of the
plurality of scan lines; and

a signal line driver circuit comprising the third transistor,
the third transistor being configured to drive one of the
plurality of signal lines,

wherein each of the first transistor, the second transistor
and the third transistor comprises an oxide semiconduc-
tor layer, and

wherein each of the first transistor, the second transistor
and the third transistor has a field-effect mobility of
higher than or equal to 80 cm?/Vs.

16. The display device according to claim 15, wherein each
of the first transistor, the second transistor and the third tran-
sistor has a field-effect mobility of higher than or equal to 120
cm?/Vs.

17. The display device according to claim 15, wherein one
of the plurality of pixels comprises a sampling transistor and
a driving transistor, and wherein each of the sampling tran-
sistor and the driving transistor comprises an oxide semicon-
ductor layer.

18. The display device according to claim 15, wherein the
oxide semiconductor layer comprises at least a channel for-
mation region overlapping with a gate electrode layer with a
gate insulating layer interposed therebetween.

19. The display device according to claim 18, wherein the
oxide semiconductor layer is a highly purified oxide semi-
conductor layer.

20. The display device according to claim 19, wherein the
highly purified oxide semiconductor layer is a semiconductor
which contains at least one kind of element selected from the
group consisting of In, Sn, and Zn.

21. The display device according to claim 15, wherein the
display device is an active matrix EL display device.
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