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(57) ABSTRACT 

Off current of a bottom gate thin film transistor in which a 
semiconductor layer is shielded from light by a gate electrode 
is reduced. A thin film transistor includes a gate electrode 
layer; a first semiconductor layer; a second semiconductor 
layer, provided on and in contact with the first semiconductor 
layer; a gate insulating layer between and in contact with the 
gate electrode layer and the first semiconductor layer; impu 
rity semiconductor layers in contact with the second semi 
conductor layer, and source and drain electrode layers par 
tially in contact with the impurity semiconductor layers and 
the first and second semiconductor layers. The entire Surface 
of the first semiconductor layer on the gate electrode layer 
side is covered by the gate electrode layer, and a potential 
barrier at a portion where the first semiconductor layer is in 
contact with the source or drain electrode layer is 0.5 eV or 
O. 
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FIG. 7A 
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FIG. 8 
(A) d = 4.5eV 

E-02 
E-03 
E-04 

1.E-05 
1E-06 

- 1.E-07 

1.E-08 
1E-09 
1.E-10 
E 

1.E-2 
1E-3 
E-14 

-30 -20 - O O 10 20 30 

  

IPR2025-00238 -  BOE 
Exhibit 1005 - Page 9



Patent Application Publication Jun. 17, 2010 Sheet 9 of 20 US 2010/0148175 A1 

FIG. 9A 
T27°C 

1.E-06 

E-08 

1E-09 

1E-10 

1E-1 
0 0 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Schottky barrier eV) 

FIG. 9B 
T-85C 

E-06 

E-08 

E-09 

E-O 

E-1 
0 0 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Schottky barrier eV) 

  

IPR2025-00238 -  BOE 
Exhibit 1005 - Page 10



Patent Application Publication Jun. 17, 2010 Sheet 10 of 20 US 2010/0148175 A1 

FIG. 1 OA 
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FIG. 1 1A 
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THIN FILMITRANSISTOR AND DISPLAY 
DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a thin film transistor 
and a display device. 

BACKGROUND ART 

0002. In recent years, a thin film transistor including a thin 
semiconductor film (with a thickness of several nanometers to 
several hundreds nanometers, approximately) over a Sub 
strate having an insulating Surface (e.g., a glass Substrate) has 
been attracting attention. Thin film transistors are widely used 
for ICs (integrated circuits) and electronic devices such as 
electro-optical devices. In particular, thin film transistors are 
rapidly developed as Switching elements of image display 
devices typified by liquid crystal display devices and the like. 
In image display devices Such as liquid crystal display 
devices, a thin film transistor using an amorphous semicon 
ductor film or a thin film transistor using a polycrystalline 
semiconductor film is mainly used as a Switching element. 
Further, a thin film transistor using a microcrystalline semi 
conductor film is known (Patent Document 1, for example). 
0003. The performance of a thin film transistor is more 
excellent as the amount of change in current which flows 
between a source and a drain is larger when gate Voltage is 
changed. A subthreshold Swing is widely known, which 
shows the amount of change in current which flows between 
a source and a drain when gate Voltage is changed. 
0004. In addition, in a thin film transistor, the amount of 
light leakage current needs to be reduced. The light leakage 
current is a current which is generated when the photovoltaic 
effect is caused in a semiconductor layer of the thin film 
transistor by irradiation of the semiconductor layer with light 
and flows between a source and a drain. Therefore, a lot of 
researches have been conducted on a technique for shielding 
the semiconductor layer of the thin film transistor from light 
(Patent Documents 2 and 3, for example). 

REFERENCE 

Patent Document 
0005 Patent Document 1 U.S. Pat. No. 4,409,134 
Patent Document 2 Japanese Published Patent Application 
No. H10-20298 
Patent Document 3 Japanese Published Patent Application 
No. HT-122754 

DISCLOSURE OF INVENTION 

0006 For example, in a thin film transistor which is 
applied to a display device, light leakage current is generated 
by irradiation of a semiconductor layer with light. When the 
light leakage current is generated, for example, a contrast 
ratio of the display device is lowered, which deteriorates the 
display quality. The semiconductor layer is preferably 
shielded from light in order to Suppress such light leakage 
current. For instance, a gate electrode may be provided so as 
to overlap with the semiconductor layer, on the side from 
which light enters. 
0007. However, for example, off current tends to be 
increased in a thin film transistor in which an amorphous 
semiconductor layer is stacked over a microcrystalline semi 
conductor layer and agate electrode overlaps with these semi 
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conductor layers. In particular, in the case where V-0, as the 
gate Voltage is lowered, off current is greatly increased, that 
is, off current jumps significantly. 
0008. In view of the above problems, it is an object to 
provide a thin film transistor whose off current does not jump 
significantly even when a semiconductor layer is shielded 
from light by a gate electrode. 
0009. One embodiment of the present invention is a bot 
tom gate thin film transistor which includes a semiconductor 
layer in which a semiconductor layer with low carrier mobil 
ity is stacked over a semiconductor layer with high carrier 
mobility. The entire surface of the semiconductor layer is 
shielded from light by a gate electrode, and a potential barrier 
at a portion where the semiconductor layer with high carrier 
mobility and a drain electrode are in contact with each other 
is large. Specifically, the drain electrode at the above portion 
is formed using a material with a low work function. 
0010. One embodiment of the present invention is a thin 
film transistor including: a gate electrode layer; a first semi 
conductor layer, a second semiconductor layer with lower 
carrier mobility than the first semiconductor layer, provided 
on and in contact with the first semiconductor layer, a gate 
insulating layer provided between and in contact with the gate 
electrode layer and the first semiconductor layer, impurity 
semiconductor layers provided in contact with the second 
semiconductor layer, and a source electrode layer and a drain 
electrode layer provided partially in contact with the impurity 
semiconductor layers and the first and second semiconductor 
layers, wherein the entire surface of the first semiconductor 
layer on the gate electrode layer side overlaps with the gate 
electrode layer; and wherein a potential barrier at a portion 
where the first semiconductor layer is in contact with the 
Source or drain electrode layer is greater than or equal to 0.5 
eV. 

0011. Another embodiment of the present invention is a 
thin film transistor including: a gate electrode layer; a first 
semiconductor layer, a second semiconductor layer with 
lower carrier mobility than the first semiconductor layer, pro 
vided on and in contact with the first semiconductor layer; a 
gate insulating layer provided between and in contact with the 
gate electrode layer and the first semiconductor layer; impu 
rity semiconductor layers provided in contact with the second 
semiconductor layer, and a source electrode layer and a drain 
electrode layer provided partially in contact with the impurity 
semiconductor layers and the first and second semiconductor 
layers, wherein the entire surface of the first semiconductor 
layer on the gate electrode layer side overlaps with the gate 
electrode layer; and wherein a work function of a material for 
forming the Source and drain electrode layers is p, an electron 
affinity of the first semiconductor layer (a difference between 
a vacuum level and a bottom of a mobility edge of the first 
semiconductor layer) is X, a width of a forbidden band of the 
first semiconductor layer is E. and EX-p is greater than or 
equal to 0.5 eV. 
0012. In the thin film transistor with the above structure, 
the first semiconductor layer is preferably shielded from light 
by the gate electrode layer. Therefore, the gate electrode layer 
is preferably formed using a light-blocking material. 
0013. In the thin film transistor with the above structure, a 
width of a forbidden band of the second semiconductor layer 
is preferably larger than that of the first semiconductor layer 
with which the source and drain electrode layers are in con 
tact. This is because it is only necessary that at least the 
potential barrier of the first semiconductor layer be taken into 
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account when the width of the forbidden band of the second 
semiconductor layer is made larger than that of the first semi 
conductor layer. 
0014. In the thin film transistor with the above structure, 
the first semiconductor layer includes a crystalline semicon 
ductor and the second semiconductor layer includes an amor 
phous semiconductor. 
0015. In the bottom gate thin film transistor, by providing 
the second semiconductor layer over the first semiconductor 
layer, current flows mainly through the first semiconductor 
layer when the transistor is turned on, and current flows 
mainly through the second semiconductor layer when the 
transistor is turned off. Therefore, the first semiconductor 
layer is formed using a semiconductor with high carrier 
mobility and the second semiconductor layer is formed using 
a semiconductor with low carrier mobility, whereby a thin 
film transistor with large on current and Small off current (i.e., 
a high on/off ratio) can be obtained. In addition, the gate 
electrode layer overlaps with the semiconductor layers, so 
that the semiconductor layers can be shielded from light, and 
the light leakage current can be reduced. That is, with the 
structure of the thin film transistor which is one embodiment 
of the present invention, a thin film transistor with small light 
leakage current and a high on/off ratio can be obtained. 
0016. By applying a thin film transistor with small light 
leakage current and a high on/offratio to a display device, the 
display device can have a high contrast ratio and low power 
consumption. 

BRIEF DESCRIPTION OF DRAWINGS 

0017 FIGS. 1A and 1B illustrate an example of a structure 
of a thin film transistor. 
0018 FIGS. 2A and 213 illustrate an example of a struc 
ture of a thin film transistor. 
0019 FIGS. 3A and 3B show electric characteristics of 
thin film transistors. 
0020 FIGS. 4A and 4B each illustrate an example of a 
structure of a thin film transistor. 
0021 FIGS.5A and 5B each illustrate a path of offcurrent 
in a thin film transistor. 
0022 FIG. 6 illustrates a band structure. 
0023 FIGS. 7A and 7B show electric characteristics of 
thin film transistors. 
0024 FIG. 8 shows electric characteristics of a thin film 
transistor. 
0025 FIGS. 9A and 913 show electric characteristics of 
thin film transistors. 
0026 FIGS. 10A and 10B show electric characteristics of 
thin film transistors. 
0027 FIGS. 11A and 11B show electric characteristics of 
thin film transistors. 
0028 FIGS. 12A to 12C illustrate a method for manufac 
turing a thin film transistor. 
0029 FIG. 13 illustrates a method for manufacturing a 
thin film transistor. 
0030 FIGS. 14A to 14C illustrate a method for manufac 
turing a thin film transistor. 
0031 FIGS. 15A to 15C illustrate a method for manufac 
turing a thin film transistor. 
0032 FIG. 16 is a block diagram illustrating a structure of 
a display device. 
0033 FIGS. 17A and 17B are a top view and a cross 
sectional view, respectively, illustrating a liquid crystal dis 
play panel. 
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0034 FIGS. 18A and 18B are a top view and a cross 
sectional view, respectively, illustrating a light-emitting dis 
play panel. 
0035 FIGS. 19A to 19D each illustrate an electronic 
device using a display device. 
0036 FIGS. 20A and 20B each illustrate an example of a 
structure of a thin film transistor. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0037 Embodiments of the present invention will be here 
inafter described in detail with reference to the accompanying 
drawings. However, the present invention is not limited to the 
description below, and it is easily understood by those skilled 
in the art that modes and details thereof can be modified in 
various ways without departing from the spirit and the scope 
of the present invention. Therefore, the present invention 
should not be interpreted as being limited to the description of 
the embodiments below. Note that reference numerals indi 
cating the same portions are used in common throughout the 
drawings for describing structures of the present invention 
with reference to the drawings. Further, in some cases, the 
same hatching patterns are applied to similar parts, and the 
similar parts are not especially designated by reference 
numerals. In addition, an insulating layer is not illustrated in 
a top view in Some cases. 

Embodiment 1 

0038. In this embodiment, a thin film transistor according 
to one embodiment of the present invention will be described 
with reference to the drawings. 
0039 FIGS. 1A and 1B illustrate an example of a thin film 
transistor of this embodiment. 
0040. A thin film transistor illustrated in FIGS. 1A and 1B 
includes a gate electrode layer 102, a semiconductor layer (a 
first semiconductor layer 106 and a second semiconductor 
layer 108), a gate insulating layer 104 provided between and 
in contact with the gate electrode layer 102 and the semicon 
ductor layer, impurity semiconductor layers 110 provided in 
contact with the semiconductor layer, and Source and drain 
electrode layers 112 provided partially in contact with the 
impurity semiconductor layers 110 and the semiconductor 
layer. The entire surface of the semiconductor layer overlaps 
with the gate electrode layer 102. Further, the thin film tran 
sistor is preferably covered by a protective layer 114. In the 
case of using the thin film transistor as a pixel transistor of a 
display device, as illustrated in FIGS. 1A and 1B, an opening 
116 may be provided in the protective layer 114 and a pixel 
electrode layer 118 may be provided so as to be connected to 
the source or drain electrode layer 112 through the opening 
116. Note that the second semiconductor layer 108 is pro 
vided so as to be in contact with the first semiconductor layer 
106 and is preferably formed using a material with lower 
carrier mobility than the first semiconductor layer 106. 
0041. As illustrated in FIGS. 1A and 1B, the entire surface 
of the semiconductor layer of the thin film transistor overlaps 
with the gate electrode layer 102, whereby light leakage cur 
rent from a substrate 100 side can be reduced. 
0042. Further, in the thin film transistor illustrated in 
FIGS. 1A and 1B, the semiconductor layer is formed in such 
a manner that the first semiconductor layer 106 and the sec 
ond semiconductor layer 108 are stacked. The second semi 
conductor layer 108 is provided in order to reduce off current. 
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The second semiconductor layer 108 is provided so as to be in 
contact with the first semiconductor layer 106 and is prefer 
ably formed using a material with lower carrier mobility than 
the first semiconductor layer 106. For example, a crystalline 
semiconductor layer may be formed as the first semiconduc 
tor layer 106 and “a layer containing an amorphous semicon 
ductor” (a semiconductor layer capable of relieving an elec 
tric field), which will be described later, may beformed as the 
second semiconductor layer 108. When the thin film transis 
tor is turned on, current flows mainly through the first semi 
conductor layer 106. When the thin film transistor is turned 
off, current flows mainly through the second semiconductor 
layer 108. Further, by forming the second semiconductor 
layer 108 with “a layer containing an amorphous semicon 
ductor” which will be described later, reduction in on current 
due to the provision of the second semiconductor layer 108 
can be prevented. Accordingly, when a crystalline semicon 
ductor layer is formed as the first semiconductor layer 106 
and “a layer containing an amorphous semiconductor” which 
will be described later is formed as the second semiconductor 
layer 108, a thin film transistor with a high on/off ratio can be 
obtained. Note that the second semiconductor layer 108 is not 
limited to “a layer containing an amorphous semiconductor” 
and may be formed using an amorphous semiconductor, for 
example. 
0043. Now, each of the layers included in the thin film 
transistor will be described. 
0044. The substrate 100 is not limited to a substrate fowled 
using a particular material as long as it has heat resistance, 
chemical resistance, and the like enough to withstanda step of 
forming a thin film (crystalline silicon or the like) which is to 
be formed over the substrate 100. Specifically, a glass sub 
strate, a quartz. Substrate, a stainless steel Substrate, and a 
silicon substrate can be used, for example. Note that in the 
case of applying the thin film transistor illustrated in FIGS. 
1A and 1B to a display device, as the substrate 100, a light 
transmitting Substrate such as a glass Substrate or a quartz 
substrate may be used. When the substrate 100 is a mother 
glass, the Substrate may have any size of from the first gen 
eration (e.g., 320 mmx400 mm) to the tenth generation (e.g., 
2950 mmx3400 mm); however, the substrate is not limited 
thereto. 
0045. The gate electrode layer 102 can be formed using a 
metal material Such as molybdenum, titanium, chromium, 
tantalum, tungsten, aluminum, copper, neodymium, or scan 
dium, or an alloy material which contains any of these mate 
rials as a main component. The gate electrode layer 102 may 
be a single layer or a stacked layer of these materials. Note 
that the gate electrode layer 102 also forms a gate wiring. 
0046. The gate insulating layer 104 can be formed using 
silicon oxide, silicon nitride, silicon oxynitride, or silicon 
nitride oxide. The gate insulating layer 104 may be a single 
layer or a stacked layer of the above-described materials. 
When the first semiconductor layer 106 is a crystalline semi 
conductor layer, at least the gate insulating layer 104 which is 
in contact with the first semiconductor layer 106 is formed 
using a silicon oxide layer, whereby the crystallinity of the 
first semiconductor layer 106 can be improved. The silicon 
oxide layer is preferably formed using tetraethoxysilane 
(TEOS: Si(OCH)) as a source gas. 
0047. As described above, the first semiconductor layer 
106 is preferably formed using a crystalline semiconductor. 
The crystalline semiconductor includes a polycrystalline 
semiconductor, a microcrystalline semiconductor, and the 
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like. The first semiconductor layer 106 is preferably formed 
using a microcrystalline semiconductor which does not need 
a crystallization step. 
0048. The second semiconductor layer 108 preferably has 
an amorphous semiconductor and a minute semiconductor 
crystal grain and has lower energy at an urbach edge mea 
sured by a constant photocurrent method (CPM) or photolu 
minescence spectroscopy and a smaller amount of absorption 
spectra of defects, compared to a conventional amorphous 
semiconductor. That is, compared to the conventional amor 
phous semiconductor, Such a semiconductor layer is a well 
ordered semiconductor layer which has fewer defects and 
whose tail slope of a level at a band edge (a mobility edge) in 
the Valence band is steep. Such a semiconductor layer is 
referred to as “a layer containing an amorphous semiconduc 
tor” in this specification. 
0049. Note that the second semiconductor layer 108 is not 
limited to the above description and may be formed using an 
amorphous semiconductor. The second semiconductor layer 
108 may beformed using a material at least with lower carrier 
mobility than that of the first semiconductor layer 106. 
0050 A preferable mode of each of the first semiconduc 
tor layer 106 and the second semiconductor layer 108 will be 
described. 
0051. The first semiconductor layer 106 is preferably 
formed using a microcrystalline semiconductor, for example. 
Here, a microcrystalline semiconductor is a semiconductor 
having an intermediate structure between amorphous and 
crystalline structures (including a single crystal structure and 
a polycrystalline structure). A microcrystalline semiconduc 
tor is a semiconductor having a third state that is stable in 
terms of free energy and a crystalline semiconductor having 
short-range order and lattice distortion, in which columnar or 
needle-like crystals having a grain size of 2 nm to 200 nm 
inclusive, preferably 10 nm to 80 nm inclusive, more prefer 
ably 20 nm to 50 nm inclusive have grown in a normal 
direction with respect to the substrate surface. Therefore, a 
crystal grainboundary is formed at the interface of the colum 
nar or needle-like crystals in some cases. 
0.052 Microcrystalline silicon, which is one of microcrys 
talline semiconductors, has a peak of Raman spectrum which 
is shifted to a lower wave number side than 520 cm that 
represents single crystal silicon. In other words, the peak of 
the Raman spectrum of the microcrystalline silicon is 
between 520 cm which represents single crystal silicon and 
480 cm which represents amorphous silicon. Further, 
microcrystalline silicon includes hydrogen or halogen of at 
least 1 at. '% for termination of dangling bonds. Moreover, 
microcrystalline silicon contains a rare gas element such as 
helium, argon, krypton, or neon to further promote lattice 
distortion, so that stability is increased and a favorable micro 
crystalline semiconductor can be obtained. Such a microcrys 
talline semiconductor is disclosed in, for example, Patent 
Document 1 (U.S. Pat. No. 4,409,134). 
0053. Further, when the concentration of oxygen and 
nitrogen contained in the first semiconductor layer 106 (a 
value measured by secondary ion mass spectrometry) is less 
than 1x10" atoms/cm, the crystallinity of the first semicon 
ductor layer 106 can be improved. 
0054 The second semiconductor layer 108 is preferably 
formed using “a layer containing an amorphous semiconduc 
tor”, “a layer containing an amorphous semiconductor” 
which contains halogen, “a layer containing an amorphous 
semiconductor which contains nitrogen, and most prefer 
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ably “a layer containing an amorphous semiconductor” 
which contains an NH group. However, the second semicon 
ductor layer 108 is not limited thereto. 
0055 An interface region between the first semiconductor 
layer 106 and the second semiconductor layer 108 has micro 
crystalline semiconductor regions and an amorphous semi 
conductor provided between the microcrystalline semicon 
ductor regions. Specifically, the interface region between the 
first semiconductor layer 106 and the second semiconductor 
layer 108 includes a microcrystalline semiconductor region 
which extends in a convex shape from the first semiconductor 
layer 106 and “a layer containing an amorphous semiconduc 
tor” which is similar to the second semiconductor layer 108. 
0056. When the second semiconductor layer 108 is 
formed using 'a layer containing an amorphous semiconduc 
tor”, “a layer containing an amorphous semiconductor” 
which contains halogen, “a layer containing an amorphous 
semiconductor which contains nitrogen, or “a layer contain 
ing an amorphous semiconductor which contains an NH 
group, for example, off current of the thin film transistor can 
be reduced. Further, since the interface region has a conical or 
pyramidal microcrystalline semiconductor region, resistance 
of the vertical direction (the film thickness direction), that is, 
resistance between the second semiconductor layer 108 and a 
Source region or a drain region formed with the impurity 
semiconductor layer 110, can be lowered, so that oncurrent of 
the thin film transistor can be increased. 

0057 Alternatively, a structure without the second semi 
conductor layer 108 may be employed. In this case, the above 
interface region may be provided between the first semicon 
ductor layer 106 and the impurity semiconductor layer 110. 
The interface region has microcrystalline semiconductor 
regions and an amorphous semiconductor region provided 
between the microcrystalline semiconductor regions. The 
microcrystalline semiconductor region is formed with a 
microcrystalline semiconductor which extends from the first 
semiconductor layer 106. At this time, it is preferable that the 
proportion of the microcrystalline semiconductor region with 
respect to the amorphous semiconductor region in the inter 
face region be small. It is further preferable that the propor 
tion of the microcrystalline semiconductor region be Small in 
a region between a pair of the impurity semiconductor layers 
110 (between the Source region and the drain region), that is, 
a region where carriers flow. This is because off current of the 
thin film transistorican be reduced. Further, since resistance of 
the vertical direction (the film thickness direction) is low in 
the above interface region, on current of the thin film transis 
tor can be high. 
0058. Note that when the first semiconductor layer 106 is 
thin, on current is reduced, and when the first semiconductor 
layer 106 is thick, a contact area of the first semiconductor 
layer 106 and the source and drain electrode layers 112 is 
increased and as will be described later, off current is 
increased when the source and drain electrode layers 112 
have a high work function. 
0059 Most of the above microcrystalline semiconductor 
region preferably includes a crystal grain having a convex 
shape whose top gets narrower from the gate insulating layer 
104 toward the second semiconductor layer 108. Alterna 
tively, the most of the above microcrystalline semiconductor 
region may include a crystal grain having a convex shape 
whose top gets wider from the gate insulating layer 104 
toward the second semiconductor layer 108. 
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0060. When the microcrystalline semiconductor region 
includes a crystal grain having a convex shape whose top gets 
narrower from the gate insulating layer 104 toward the second 
semiconductor layer 108 in the above interface region, the 
proportion of the microcrystalline semiconductor region at 
the first semiconductor layer 106 side is higher than that at the 
second semiconductor layer 108 side. The microcrystalline 
semiconductor region grows from a surface of the first semi 
conductor layer 106 in the film thickness direction. When the 
flow ratio of hydrogen to silane in a source gas is reduced (that 
is, the dilution ratio is reduced) or the concentration of the 
Source gas containing nitrogen is increased, crystal growth of 
the microcrystalline semiconductor region is Suppressed, and 
thus, a crystal grain comes to have a conical or pyramidal 
shape, and a large part of a semiconductor which is formed by 
deposition becomes amorphous. 
0061 Further, the interface region described above pref 
erably includes nitrogen, in particular, an NH group. This is 
because defects are reduced and carriers flow easily when 
nitrogen, in particular, an NH group is bonded with dangling 
bonds of a silicon atom at an interface between crystals 
included in the microcrystalline semiconductor region or at 
an interface between the microcrystalline semiconductor 
region and the amorphous semiconductor region. Accord 
ingly, by setting the concentration of nitrogen, preferably, an 
NH group, at 1x10 cm to 1x10 cm, the dangling 
bonds of the silicon atom can be easily cross-linked with 
nitrogen, preferably an NH group, so that carriers can flow 
easily. As a result, a bonding which promotes the carrier 
transfer is formed in a crystal grain boundary or a defect, 
whereby the carrier mobility of the interface region is 
increased. Therefore, the field effect mobility of the thin film 
transistor is improved. 
0062. Furthermore, by reducing the concentration of oxy 
gen in the interface region, defects and bonding inhibiting 
carrier transfer at the interface between the microcrystalline 
semiconductor region and the amorphous semiconductor 
region or the interface between the crystal grains can be 
reduced. 

0063. When the distance from the interface of the gate 
insulating layer 104 to the top of the convex portion of the 
second semiconductor layer 108 is set at 3 nm to 80 nm 
inclusive, preferably 5 nm to 30 nm inclusive, off current of 
the thin film transistor can be effectively reduced. 
0064. The impurity semiconductor layers 110 are pro 
vided in order that the semiconductor layer and the source and 
drain electrode layers 112 have ohmic contact with each other 
and can be formed by using a source gas containing an impu 
rity element imparting one conductivity type. In the case of 
forming an n-channel thin film transistor, typically, phospho 
rus may be added as the impurity element; for example, a gas 
containing an impurity element imparting n-type conductiv 
ity, Such as phosphine (PH) may be added into silicon 
hydride. In the case of forming a p-channel thin film transis 
tor, typically, boron may be added as the impurity element; for 
example, a gas containing an impurity element imparting 
p-type conductivity, such as diborane (BH), may be added 
into silicon hydride. There is no particular limitation on the 
crystallinity of the impurity semiconductor layers 110. The 
impurity semiconductor layers 110 may be formed using 
either a crystalline semiconductor oranamorphous semicon 
ductor, but preferably formed using a crystalline semiconduc 
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tor. This is because on current is increased when the impurity 
semiconductor layers 110 are formed using a crystalline 
semiconductor. 
0065. The source and drain electrode layers 112 may be 
formed with a single layer or a plurality of layers stacked 
using a conductive material but needs to be formed with a 
material with a low work function at least at a portion in 
contact with the first semiconductor layer 106 as will be 
described later. 
0066. The protective layer 114 can be formed in a manner 
similar to that of the gate insulating layer 104 and is prefer 
ably formed using silicon nitride. In particular, a dense silicon 
nitride layer is preferably used as the protective layer 114 
Such that entry of a contaminant impurity element Such as an 
organic Substance, a metal, or moisture contained in the atmo 
sphere can be prevented. A dense silicon nitride layer can be 
formed by a plasma CVD method using plasma with a fre 
quency of greater than or equal to 1 GHZ, for example. 
0067. The pixel electrode layer 118 can be formed using a 
conductive composition containing a conductive high mol 
ecule (also referred to as a conductive polymer) having a 
light-transmitting property. As a conductive high molecule, a 
so-called telectron conjugated conductive high molecule can 
be used. For example, polyaniline or a derivative thereof, 
polypyrrole or a derivative thereof, polythiophene or a deriva 
tive thereof, and a copolymer of two or more kinds of those 
materials can be given. 
0068 Alternatively, the pixel electrode layer 118 may be 
formed using, for example, indium oxide containing tungsten 
oxide, indium Zinc oxide containing tungsten oxide, indium 
oxide containing titanium oxide, indium tin oxide containing 
titanium oxide, indium tin oxide (hereinafter, referred to as 
ITO), indium zinc oxide, indium tin oxide to which silicon 
oxide is added, or the like. 
0069. For comparison, a thin film transistor in which only 
a part of a semiconductor layer is shielded from light by a gate 
electrode will be described with reference to FIGS. 2A and 
2B. 

0070 A thin film transistor illustrated in FIGS. 2A and 2B 
includes: a gate electrode layer 202; a semiconductor layer (a 
first semiconductor layer 206 and a second semiconductor 
layer 208); a gate insulating layer 204 provided between and 
in contact with the gate electrode layer 202 and the semicon 
ductor layer; impurity semiconductor layers 210 provided in 
contact with the semiconductor layer, and source and drain 
electrode layers 212 provided partially in contact with the 
impurity semiconductor layers 210 and the semiconductor 
layer. The gate electrode layer overlaps with only a part of the 
semiconductor layer. Further, in a manner similar to that of 
the thin film transistor illustrated in FIGS. 1A and 1B, the thin 
film transistor illustrated in FIGS. 2A and 2B is covered by a 
protective layer 214 and a pixel electrode layer 218 is pro 
vided so as to be connected to the source or drain electrode 
layer 212 through an opening 216 formed in the protective 
layer 214. The second semiconductor layer 208 is provided so 
as to be in contact with the first semiconductor layer 206 and 
is preferably formed using a material with lower carrier 
mobility than the first semiconductor layer 206. 
0071. When only a part of the semiconductor layer in the 
thin film transistor overlaps with the gate electrode layer 202 
as illustrated in FIGS. 2A and 2B, a part of the semiconductor 
layer which does not overlap with the gate electrode layer 202 
is exposed to light (light which mainly enters from a substrate 
200 side), and thus light leakage current cannot be reduced. 
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(0072 FIGS. 3A and 313 show curves representing cur 
rent-Voltage characteristics of drain current with respect to 
gate voltage (hereinafter I-V curve) of thin film transistors 
illustrated in FIGS. 4A and 4.B. FIG. 3A shows an I-V curve 
of the thin film transistor illustrated in FIG. 4A, and FIG.3B 
shows an I-V curve of the thin film transistor illustrated in 
FIG. 4B. As seen in FIGS. 3A and 3B, there is no large 
difference in off current, which means that there is no large 
difference in off current between the thin film transistor illus 
trated in FIG. 4A and the thin film transistorillustrated in FIG. 
4B. The thin film transistor illustrated in FIGS. 1A and 113 
and the thin film transistor illustrated in FIG. 4A are different 
in whether or not the first semiconductor layer which is pref 
erably formed with a crystalline semiconductor in contact 
with the source and drain electrode layers is formed. This 
difference probably leads to a difference in off current. 
0073. The thin film transistor illustrated in FIGS. 1A and 
1B and the thin film transistor illustrated in FIGS. 2A and 2B 
are compared with reference to FIGS.5A and 5B. 
0074 FIG. 5A is an enlarged view of a part of the thin film 
transistor illustrated in FIGS 1A and 1B. FIG. SB is an 
enlarged view of a part of the thin film transistor illustrated in 
FIGS. 2A and 2B. Arrows in FIGS.5A and 5B each denote a 
main path of off current. 
0075. As described above, when the first semiconductor 
layer 106 is thin, on current is reduced, and when the first 
semiconductor layer 106 is thick, a contact area of the first 
semiconductor layer 106 and the source and drain electrode 
layers 112 is increased, and off current is increased when the 
source and drain electrode layers 112 have a high work func 
tion. In the thin film transistor which is one embodiment of 
the present invention, since the source and drain electrode 
layers 112 are formed using a material with a low work 
function, the first semiconductor layer 106 can have a thick 
ness necessary for the thin film transistor to obtain a sufficient 
on current. Therefore, the on current can be increased com 
pared to a conventional thin film transistor. 
(0076. In FIG.5A, there is a portion 130 where a part of the 
first semiconductor layer 106 and a part of the source or drain 
electrode layer 112 (the drain electrode side) are in contact 
with each other. Holes are injected from the portion 130, and 
current flows through the first semiconductor layer 106. It is 
conceivable that the current is roughly divided into a current 
which flows through a portion 131 toward the impurity semi 
conductor layer 110 serving as a source region and a current 
which flows toward a portion 132 where a part of the first 
semiconductor layer 106 and a part of the source or drain 
electrode layer 112 are in contact with each other, and these 
two kinds of currents mainly flow. Further, it is probable that 
holes injected from the portion 130 and electrons injected 
from the source recombine in the portion 131. 
(0077. In FIG. 5B, it is conceivable that carriers are gener 
ated in a portion 230 in the second semiconductor layer 208, 
which is in the vicinity of a drain, and off current due to these 
carriers mainly flows. In the portion 230, holes and electrons 
are generated and thereby a depletion layer is formed, and the 
electrons flow toward the drain and the holes flow toward the 
first semiconductor layer 206, whereby current flows. It is 
probable that holes flow through the first semiconductor layer 
206 and recombine with electrons from a source in a portion 
231. 

(0078. A band structure of the portion 130 where a part of 
the first semiconductor layer 106 is in contact with a part of 
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the source or drain electrode layer 112 is considered. FIG. 6 is 
a schematic view of the band structure of the portion 130. 
0079. In FIG. 6, p is a work function of a material for 
forming the source and drain electrode layers 112, X is an 
electron affinity of the first semiconductor layer 106 (a dif 
ference between a vacuum level and a bottom of a mobility 
edge of the first semiconductor layer 106). E is a width of a 
forbidden band of the first semiconductor layer 106. A level of 
a potential barrier at a boundary between the first semicon 
ductor layer 106 and the source or drain electrode layer 112 is 
E. These satisfy the following equation (1). 

0080. As the level E of the potential barrier at the boundary 
is Smaller, more holes are easily injected to the first semicon 
ductor layer 106 and current flows easily. Accordingly, when 
the width E of the forbidden band of the first semiconductor 
layer 106 is wide, the electron affinity X of the first semicon 
ductor layer 106 is large, and the work function (p of the 
material for forming the source and drain electrode layers 112 
is low, the level E of the potential barrier at the boundary is 
increased, which means that conduction through the portion 
130 where a part of the first semiconductor layer 106 and a 
part of the source or drain electrode layer 112 are in contact 
with each other does not occur easily. 
0081. Therefore, the source and drain electrode layers 112 
are preferably formed with a material with a low work func 
tion cp in order to reduce current which flows through the 
portion 130 where a part of the first semiconductor layer 106 
and a part of the source or drain electrode layer 112 are in 
contact with each other. In order to confirm this, calculation is 
conducted by setting the work function cp of the material for 
forming the source and drain electrode layers 112 in the 
structure of FIG. 5A at 3.9 eV, 4.2 eV, and 4.5 eV. Other 
parameters are unchanged. FIGS. 7A and 7B and FIG.8 show 
the results. Note that the channel length L (the distance 
between the source region and the drain region formed with 
the pair of impurity semiconductor layers 110) is 4 um, the 
channel width W (the width of the impurity semiconductor 
layer 110) is 20 um, and the drain voltage V is set at 1 Vand 
1OV here. 

I0082 FIG. 7A shows an I-V curve where (p=3.9 eV. FIG. 
7B shows an I-V curve where (p=4.2 eV. FIG. 8 shows an I-V 
curve where (p=4.5 eV. As is clear from FIGS. 7A and 7B and 
FIG. 8, there is a tendency that off current gets larger as the 
work function p is higher. 
(0083 FIGS. 9A and 9B each show an off current I (ver 
tical axis) with respect to the potential barrier (also referred to 
as Schottky barrier) E (horizontal axis) in the case where Eis 
1.1 eV to 1.3 eV. Here, the drain voltage V is 10 V, and the 
gate voltage V is V-10 V. FIG.9A is a graph at 27°C. and 
FIG.9B is a graph at 85°C. According to FIGS. 9A and 9B, 
the potential barrier E of greater than or equal to 0.5 eV is 
enough to reduce the off current, regardless of the tempera 
ture. Note that the channel length L (the distance between the 
Source region and the drain region formed with the pair of 
impurity semiconductor layers 110) is 4 um, and the channel 
width W (the width of the impurity semiconductor layer 110) 
is 20 um here. 4 of 1.1 eV to 1.3 eV in FIGS. 9A and 9B 
approximately correspond to energy gap of a microcrystalline 
semiconductor. 

0084 Work functions of several materials are listed in 
Table 1 but not limited thereto. 

equation (1): 
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TABLE 1 

element Work function (eV) 

aluminum 4.25 
silicon 4.8 
titanium 3.45 
chromium 4.58 
nickel 4.5 
copper 4.4 
yttrium 3.3 
molybdenum 4.3 
tantalum 4.12 
tungsten 4.54 
bismuth 4.4 
titanium nitride 2.92 

I0085. As a material used for at least apart of the source and 
drain electrode layers 112, yttrium, titanium, or titanium 
nitride which is a nitride of titanium is preferable among the 
materials listed in Table 1. Alternatively, a mixture thereof 
may be used. In particular, titanium containing a rare earth 
element is preferable. It is most preferable to use titanium 
containing one or both of yttrium and zirconium at 0.2 wt % 
to 20 wt % inclusive. This is because yttrium has a very low 
work function and Zirconium has a low work function and 
physical and chemical properties similar to titanium. By mix 
ture of one or both of yttrium and Zirconium into titanium, 
cost can be decreased compared to the case where only one or 
both of yttrium and Zirconium are used. 
I0086. By using such a material having a low work func 
tion, on current of the thin film transistor can be increased. 
This applies not only to the thin film transistor illustrated in 
FIGS. 1A and 1B. Also in the thin film transistors illustrated 
in FIGS. 2A and 2B and FIGS. 4A and 4B, on current of the 
thin film transistor can be increased by using a material with 
a low work function. 

0087 FIGS. 10A and 10B and FIGS. 11A and 11B each 
show an I-V curve of a thin film transistorin which source and 
drain electrode layers are formed using titanium or molybde 
num. That is, FIG. 10A shows an I-V curve of the thin film 
transistor illustrated in FIGS. 2A and 2B in which the source 
and drain electrode layers 212 are formed with molybdenum. 
FIG. 10B shows an I-V curve of the thin film transistor illus 
trated in FIGS. 1A and 1B in which the source and drain 
electrode layers 112 are formed with molybdenum. FIG. 11A 
shows an I-V curve of the thin film transistor illustrated in 
FIGS. 2A and 2B in which the source and drain electrode 
layers 212 are formed with titanium. FIG. 11B shows an I-V 
curve of the thin film transistorillustrated in FIGS. 1A and 1B 
in which the source and drain electrode layers 112 are formed 
with titanium. 

I0088 Comparing FIGS. 10A and 10B shows that off cur 
rent of the thin film transistor illustrated in FIGS. 1A and 1B 
is higher than that of the thin film transistor illustrated in 
FIGS. 2A and 2B in the case where the source and drain 
electrode layers are formed using molybdenum. 
I0089 Comparing FIGS. 11A and 11B shows that there is 
no large difference in off current between the thin film tran 
sistor illustrated in FIGS. 1A and 1B and the thin film tran 
sistor illustrated in FIGS. 2A and 2B in the case where the 
Source and drain electrode layers are formed using titanium. 
Therefore, even in the thin film transistor illustrated in FIGS. 
1A and 1B in which the semiconductor layer can be shielded 
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from light, off current can be suppressed. That is, a thin film 
transistor with Small light leakage current and Small off cur 
rent can be obtained. 
0090. As described above, when the source and drain elec 
trode layers 112 (specifically, a part of the source or drain 
electrode layer 112, which is in contact with the first semi 
conductor layer 106) are formed with a metal material with a 
low work function, leakage current through the portion 130 
where a part of the first semiconductor layer 106 and a part of 
the source or drain electrode layer 112 are in contact with 
each other, which occurs by overlap of the entire surface of 
the semiconductor layer with the gate electrode layer, can be 
prevented. Further, since light leakage current can be reduced 
by overlap of the entire surface of the semiconductor layer 
with the gate electrode layer 102, a thin film transistor with 
Small light leakage current and Small off current can be 
obtained. 
0091 Next, a method for forming a preferable mode of 
each of the first and second semiconductor layers 106 and 108 
will be described. 
0092. A semiconductor film which is to be the first semi 
conductor layer 106 is formed using glow discharge plasma in 
a reaction chamber of a plasma CVD apparatus with the use of 
a mixture of hydrogen and a deposition gas containing silicon 
(such as silane (SiH)). Alternatively, the semiconductor film 
is formed using glow discharge plasma with the use of a 
mixture of a deposition gas containing silicon, hydrogen, and 
a rare gas such as helium, neon, or krypton. The flow rate of 
hydrogen is 10 to 2000 times, preferably 10 to 200 times that 
of the deposition gas containing silicon. The semiconductor 
film which is to be the first semiconductor layer 106 is formed 
to a thickness of 1 nm to 20 nm inclusive, preferably 3 nm to 
10 nm inclusive. 
0093. Alternatively, a deposition gas such as germane 
(GeH) or digermane (GeH) may be used, and the semicon 
ductor film which is to be the first semiconductor layer 106 
may be formed using germanium. 
0094. Before the semiconductor film which is to be the 

first semiconductor layer 106 is formed, impurity elements in 
the reaction chamber of the plasma CVD apparatus are 
removed by introducing a deposition gas containing silicon or 
germanium with the air in the reaction chamber exhausted, so 
that the impurity elements at the interface of the films which 
are formed can be reduced. Accordingly, electric character 
istics of the thin film transistor can be improved. 
0.095 A semiconductor film which is to be the second 
semiconductor layer 108 is formed using glow discharge 
plasma in a reaction chamber of the plasma CVD apparatus 
with the use of a mixture of hydrogen and a deposition gas 
containing silicon. At this time, the flow rate of hydrogen with 
respect to a deposition gas containing silicon is reduced (that 
is, a dilution ratio is reduced) compared to a deposition con 
dition of the semiconductor film which is to be the first semi 
conductor layer 106. Accordingly, the crystal growth is Sup 
pressed and the semiconductor film which is to be the second 
semiconductor layer 108 which does not contain a microc 
rystalline semiconductor region is formed as the film is 
deposited. 
0096. At the initial stage of deposition of the semiconduc 
tor film which is to be the second semiconductor layer 108, 
the flow rate of hydrogen with respect to the deposition gas 
containing silicon is reduced (that is, the dilution ratio is 
reduced) from the deposition condition of the semiconductor 
film which is to be the first semiconductor layer 106, whereby 
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a microcrystalline semiconductor region can remain in the 
semiconductor film which is to be the second semiconductor 
layer 108. In addition, the flow rate of hydrogen with respect 
to the deposition gas containing silicon is further reduced 
(that is, the dilution ratio is further reduced) from the above 
condition, so that the semiconductor film which is to be the 
second semiconductor layer 108 can be a semiconductor film 
which is “a layer containing an amorphous semiconductor. 
Furthermore, the flow rate of hydrogen with respect to the 
deposition gas containing silicon is further reduced (that is, 
the dilution ratio is further reduced) from the above condition 
and a gas containing nitrogen is mixed, so that an amorphous 
semiconductor region in the second semiconductor layer 108 
can be enlarged. The semiconductor film which is to be the 
second semiconductor layer 108 may also be formed using 
germanium. 
0097. In addition, at the initial stage of the deposition of 
the semiconductor film which is to be the second semicon 
ductor layer 108, the semiconductor film which is to be the 
first semiconductor layer 106 is used as a seed crystal and the 
film is deposited on the entire surface. After that, the crystal 
growth is partially suppressed, and a conical or pyramidal 
microcrystalline semiconductor region grows (in the middle 
stage of the deposition). Further, the crystal growth of the 
conical or pyramidal microcrystalline semiconductor region 
is Suppressed, and the semiconductor film which is to be the 
second semiconductor layer 108 which does not contain a 
microcrystalline semiconductor region is formed in an upper 
layer (in the later stage of the deposition). 
(0098. Note that the first semiconductor layer 106 is not 
limited to a crystalline semiconductor layer as long as a 
semiconductor layer whose carrier mobility is higher than 
that of the second semiconductor layer 108 is used, for 
example. 
0099. There is a tendency that off current is increased as 
the width of a region where the gate electrode layer 102 and 
the source and drain electrode layers 112 overlap with each 
other is larger. 
0100 Next, a method for manufacturing the thin film tran 
sistor illustrated in FIGS. 1A and 1B is described with refer 
ence to the drawings. 
0101 First, the gate electrode layer 102 is formed over the 
substrate 100. As the substrate 100, any of the following 
Substrates can be used: an alkali-free glass Substrate formed 
of barium borosilicate glass, aluminoborosilicate glass, alu 
minosilicate glass, or the like by a fusion method or a float 
method; a ceramic Substrate; a plastic Substrate having heat 
resistance enough to withstand a process temperature of this 
manufacturing process; and the like. Alternatively, a metal 
substrate of a stainless steel alloy or the like with the surface 
provided with an insulating layer may be used. That is, a 
Substrate having an insulating Surface is used as the Substrate 
100. When the substrate 100 is a mother glass, the substrate 
may have any size of from the first generation (e.g., 320 
mmx400 mm) to the tenth generation (e.g., 2950 mmx3400 
mm). 
0102 The gate electrode layer 102 can be formed using a 
metal material Such as molybdenum, titanium, chromium, 
tantalum, tungsten, aluminum, copper, neodymium, or scan 
dium oran alloy material containing any of these materials as 
a main component as a single layer or a plurality of layers 
stacked. For example, a two-layer structure in which a molyb 
denum layer or a titanium layer is stacked over an aluminum 
layer is preferably used. When a metal layer functioning as a 
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barrier layer is stacked over a layer formed of a material with 
low electric resistance, electric resistance can be reduced and 
a metal element from the metal layer can be prevented from 
diffusing into the semiconductor layer. For example, in the 
case where a molybdenum layer is stacked over an Al Nd 
alloy layer, a conductive layer with excellent heat resistance 
and low electric resistance can be formed. Alternatively, a 
stacked layer structure of three or more layers may be used. 
0103) The gate electrode layer 102 can be formed in such 
a way that a conductive film is formed over the substrate 100 
by a sputtering method or a vacuum evaporation method, a 
resist mask is formed over the conductive film by a photoli 
thography method, an inkjet method, or the like, and then the 
conductive film is etched by using the resist mask (FIG. 12A). 
Alternatively, the gate electrode layer 102 can be formed by 
discharging a conductive nanopaste of silver, gold, copper, or 
the like over the substrate by an inkjet method and baking the 
conductive nanopaste. Note that as a barrier metal for increas 
ing adhesion between the gate electrode layer 102 and the 
substrate 100 and/or preventing diffusion of a material used 
for the gate electrode layer 102, a nitride layer of any of the 
aforementioned metal materials may be provided between the 
substrate 100 and the gate electrode layer 102. Here, the gate 
electrode layer 102 is formed by forming the conductive film 
over the substrate 100 and etching the conductive film by 
using a resist mask formed using a photomask. 
0104 Since the semiconductor layer and a source wiring 
(a signal line) are formed over the gate electrode layer 102 in 
later steps, the gate electrode layer 102 is preferably formed 
to have a tapered side Surface so that the semiconductor layer 
and the source wiring thereover are not disconnected at a step 
portion. In addition, in this step, a gate wiring (a scan line) can 
beformed at the same time. Further, a capacitor line included 
in a pixel portion can also be formed. Note that a "scan line' 
refers to a wiring to select a pixel. 
0105 Next, the gate insulating layer 104 is formed to 
cover the gate electrode layer 102, and a first semiconductor 
film 150 which is to be the first semiconductor layer 106, a 
second semiconductor film 152 which is to be the second 
semiconductor layer 108, and an impurity semiconductor 
film 154 which is to be the impurity semiconductor layers 110 
are sequentially stacked over the gate insulating layer 104. 
Note that it is preferable that at least the gate insulating layer 
104, the first semiconductor film 150, and the second semi 
conductor film 152 beformed successively. It is more prefer 
able to successively form the films up to the impurity semi 
conductor film 154. By forming at least the gate insulating 
layer 104, the first semiconductor film 150, and the second 
semiconductor film 152 successively without being exposed 
to the air, each interface of stacked films can be formed 
without contaminating these layers by an atmospheric con 
stituent oran impurity element contained in the air. Therefore, 
variations in electric characteristics of the thin film transistor 
can be reduced, so that a thin film transistor having high 
reliability can be manufactured with high yield. 
0106 The gate insulating layer 104 can be formed using 
silicon oxide, silicon nitride, silicon oxynitride, or silicon 
nitride oxide by a CVD method, a sputtering method, or the 
like. The gate insulating layer 104 is preferably formed using 
silicon oxide. In particular, when the gate insulating layer 104 
is formed using a silicon oxide layer that is formed using 
tetraethoxysilane (TEOS) (Si(OCH)) for a source gas and 
the semiconductor layer that is formed in contact with the gate 
insulating layer 104 is crystalline, the crystallinity of the 
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semiconductor layer can be increased. The gate insulating 
layer 104 may have either a single-layer structure or a 
stacked-layer structure of the aforementioned materials. For 
example, the gate insulating layer 104 is formed to a thickness 
of greater than or equal to 50 nm, preferably 50 nm to 400 nm 
inclusive, more preferably 150 nm to 300 nm inclusive. The 
use of a silicon nitride oxide layer can prevent alkali metal or 
the like contained in the substrate 100 from entering the first 
semiconductor layer 106. Further, the use of a silicon oxyni 
tride layer can prevent a hillock which is generated in the case 
of using aluminum for the gate electrode layer 102 and also 
prevent the gate electrode layer 102 from being oxidized. The 
gate insulating layer 104 is preferably formed with the use of 
a plasma CVD apparatus with a frequency of greater than or 
equal to 1 GHz. 
0107 After forming the gate insulating layer 104 and 
before forming the first semiconductor film 150, a layer for 
increasing adhesion and/or preventing oxidation may be 
formed over the gate insulating layer 104. As such a layer for 
preventing oxidation and/or the like, for example, a stacked 
layer in which a silicon oxynitride layer is interposed between 
silicon nitride layers can be given. 
0108. The first semiconductor layer 106 functions as a 
channel formation region of the thin film transistor. The first 
semiconductor layer 106 is a crystalline semiconductor layer 
here. That is, the first semiconductor film 150 is a crystalline 
semiconductor film here. The crystalline semiconductor film 
can be formed using microcrystalline silicon by a plasma 
CVD method or the like. 
0109. In this embodiment, the carrier mobility of a crys 
talline semiconductor layer is about 2 times to 20 times that of 
an amorphous semiconductor layer. Therefore, compared to a 
thin film transistor formed with an amorphous semiconductor 
layer, the slope at the rising point of an I-V curve of a thin film 
transistor formed with a crystalline semiconductor layer is 
steeper. Here, "gate Voltage” means a potential difference 
between a potential of a source electrode and a potential of a 
gate electrode, and "drain current’ means a current flowing 
between the source electrode and the drain electrode. There 
fore, a thin film transistor in which a crystalline semiconduc 
tor layer is used for a channel formation region has high 
response characteristics as a Switching element and can oper 
ate at high speed. Thus, with the use of a thin film transistor in 
which a crystalline semiconductor layer is used for a channel 
formation region as a Switching element of a display device, 
the area of the channel formation region, i.e., the area of the 
thin film transistor can be reduced. Furthermore, when a part 
or whole of a driver circuit is formed over the same substrate 
as a pixel portion, a system-on-panel can be obtained. 
0110. Further, the crystalline semiconductor layer often 
exhibits low n-type conductivity even when an impurity ele 
ment for controlling Valence electrons is not added thereto. 
Thus, the threshold voltage V of the thin film transistor may 
be controlled by adding an impurity element imparting p-type 
conductivity (e.g., boron) to the crystalline semiconductor 
layer that serves as the channel formation region of the thin 
film transistor at the same time as or after forming the crys 
talline semiconductor layer. A typical example of an impurity 
element imparting p-type conductivity is boron, and an impu 
rity gas such as diborane (BH) or boron trifluoride (BF) 
may be mixed into silicon hydride, at a proportion of 1 ppm to 
1000 ppm, preferably, 1 ppm to 100 ppm. The concentration 
of boron in the crystalline semiconductor layer is preferably 
set at from 1x10" atoms/cm to 6x10" atoms/cm. 
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0111. The crystalline semiconductor layer is formed with 
a thickness of 2 nm to 60 nm inclusive, preferably 10 nm to 30 
nm inclusive. The thickness of the crystalline semiconductor 
layer can be controlled, for example, with the flow rate of 
silane and the deposition time in a process of forming the 
crystalline semiconductor film. Specifically, components 
which interrupt crystallization, typified by oxygen or nitro 
gen, are reduced, and the flow rate of a dilution gas Such as 
hydrogen is increased with respect to that of a deposition gas 
Such as silane. At this time, the flow rate of the dilution gas is 
10 times to 2000 times, preferably 50 times to 200 times that 
of the deposition gas. In such a manner, a so-called microc 
rystalline semiconductor layer is formed. 
0112 The second semiconductor layer 108 serves as a 
buffer layer which reduces off current. Here, the case will be 
described, in which the second semiconductor layer 108 is 
formed with “a layer containing an amorphous semiconduc 
tor', that is, a well-ordered semiconductor which has fewer 
defects and whose tail of a level at a band edge (mobility 
edge) in the Valence band is steep compared to the conven 
tional amorphous semiconductor. Such a semiconductor film 
is formed in such a manner that, for example, the flow rate of 
hydrogen with respect to a deposition gas is reduced (that is, 
a dilution ratio is reduced) in a source gas for forming a 
crystalline semiconductor film compared to a deposition con 
dition of the first semiconductor film 150, and a plasma CVD 
method is used and thereby the crystal growth is Suppressed. 
In addition, when nitrogen is contained in a source gas of a 
crystalline semiconductor film, such a semiconductor film 
can be easily formed. It is preferable that nitrogen be con 
tained at 1x10'cm to 1x10 cm in the second semicon 
ductor film 152. At this time, nitrogen is preferably in a state 
of an NH group. This is because dangling bonds of a semi 
conductor atom are easily cross-linked with nitrogen or an 
NH group, and carriers flow without difficulty. Accordingly, a 
bonding which promotes the carrier transfer is formed in a 
crystal grainboundary or a defect, whereby the carrier mobil 
ity of the second semiconductor layer 108 is increased. Con 
sequently, field-effect mobility and on current of the thin film 
transistor can be sufficiently high. Note that nitrogen may be 
in a state of not only an NH group but also in an NH group. 
At this time, the flow rate of a dilution gas is 10 times to 2000 
times, preferably 50 times to 200 times that of the deposition 
gas. Preferably, the flow rate of the dilution gas is lower than 
that in the case of forming the first semiconductor layer 106. 
0113. The oxygen concentration in the second semicon 
ductor film 152 is preferably low. By reducing the oxygen 
concentration in the second semiconductor film 152, bonding 
at the interface between the microcrystalline semiconductor 
region and the amorphous semiconductor region or at the 
interface between the microcrystalline semiconductor 
regions which interrupts the carrier transfer can be reduced. 
0114. The impurity semiconductor layers 110 can be 
formed in Sucha manner that the impurity semiconductor film 
154 is formed and then etched. In the case wherean n-channel 
thin film transistor is formed, phosphorus may be added as a 
typical impurity element, for example, a gas containing phos 
phine (PH) may be added to silicon hydride to form the 
impurity semiconductor layers 110. In order to formap-chan 
nel thin film transistor, boron may be used as a typical impu 
rity element, and a gas containing diborane (BH) may be 
added to silicon hydride, for example. Further, as the impurity 
semiconductor film 154, either a crystalline semiconductor or 
anamorphous semiconductor may be used, but it is preferable 
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to use a crystalline semiconductor. The impurity semiconduc 
tor film 154 which is to be the impurity semiconductor layers 
110 may have a thickness which enables ohmic contact 
between the second semiconductor layer 108 and the source 
and drain electrode layers 112, and may be formed to a 
thickness of approximately 2 nm to 60 nm inclusive. When 
the impurity semiconductor film 154 is thinned as much as 
possible, throughput can be improved. When the impurity 
semiconductor layers 110 are formed using a crystalline 
semiconductor, components which interrupt crystallization, 
typified by oxygen or nitrogen, are reduced, and the flow rate 
of a dilution gas such as hydrogen is increased with respect to 
that of a deposition gas such as silane. At this time, when the 
impurity semiconductor layers 110 are formed using an 
amorphous semiconductor, the flow rate of a dilution gas is 1 
to 10 times, preferably 1 to 5 times that of the deposition gas, 
whereas, when the impurity semiconductor layers 110 are 
formed using a crystalline semiconductor, the flow rate of a 
dilution gas is 10 times to 2000 times, preferably 50 times to 
200 times that of the deposition gas. In Such a manner, a 
so-called microcrystalline semiconductor layer is formed. 
0.115. As described above, layers from the gate insulating 
layer 104 to the impurity semiconductor film 154 are prefer 
ably formed successively (FIG. 12B). With a multi-chamber 
CVD apparatus provided with a plurality of reaction cham 
bers, a reaction chamber can be provided for each kind of 
deposition film, and a plurality of different films can be 
formed Successively without being exposed to the air. 
0116 FIG. 13 is a schematic top cross-sectional view of an 
example of a multi-chamber plasma CVD apparatus provided 
with a plurality of reaction chambers. The apparatus is pro 
vided with a common chamber 272, a load/unload chamber 
270, a first reaction chamber 250a, a second reaction chamber 
250b, a third reaction chamber 250c, and a fourth reaction 
chamber 250d. After the substrate 100 is set in a cassette of the 
load/unload chamber 270, the substrate 100 is transferred to 
and from each reaction chamber with a transfer unit 276 of the 
common chamber 272. A gate valve 274 is provided between 
the common chamber 272 and each reaction chamber, and 
between the common chamber 272 and the load/unload 
chamber, so that treatment performed in each reaction cham 
ber does not interfere with each other. Each reaction chamber 
can be used for a different purpose, depending on the kind of 
a thin film to be formed. For example, an insulating film is 
formed in the first reaction chamber 250a; a semiconductor 
film is formed in the second reaction chamber 250b and the 
fourth reaction chamber 250d, and a semiconductor film to 
which an impurity element imparting one conductivity type is 
added is formed in the third reaction chamber 250c. Since an 
optimum deposition temperature varies depending on a thin 
film to be formed, the reaction chambers are separated to 
facilitate the control of deposition temperatures, and thus 
each thin film can be formed at its optimal temperature. 
Further, the same kind of films can be repeatedly deposited, 
so that influence of residual impurities attributed to a film 
formed previously can be avoided. One film may be formed 
with one reaction chamber, or a plurality offilms with similar 
compositions, such as a crystalline semiconductor film and an 
amorphous semiconductor film, may be formed with one 
reaction chamber. 

0117. A turbo-molecular pump 264 and a dry pump 266 
are connected to each reaction chamber as an exhaust unit. 
The exhaust unit is not limited to a combination of these 
vacuum pumps and can employ other vacuum pumps as long 
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as they can evacuate the reaction chamber to a degree of 
vacuum of about 10 Pato 10 Pa. Note that a cryopump 268 
is preferably connected to the second reaction chamber 250b 
so that the pressure in the reaction chamber can be reduced to 
about 10 Pa or less. A butterfly valve 260 and/or a conduc 
tance valve 262 are/is provided between the exhaust unit and 
each reaction chamber. The butterfly valve 260 can block a 
path between the exhaust unit and the reaction chamber. Fur 
ther, the conductance valve 262 can control the pumping 
speed and adjust the pressure in each reaction chamber. 
0118. The cryopump 268 connected to the second reaction 
chamber 250b can also reduce the pressure in the reaction 
chamber to lower than 10 Pa (for example, an ultrahigh 
vacuum). In this embodiment, the reaction chamber 250b is 
evacuated to a pressure of lower than 10 Pa, thereby pre 
venting an atmospheric component such as oxygen from 
being mixed into the semiconductor film. Consequently, the 
oxygen concentration in the semiconductor film can be less 
than or equal to 1x10" cm. 
0119) A gas supply unit 258 includes a cylinder filled with 
a source gas, a stop valve, a mass flow controller, and the like. 
A gas Supply unit 258a is connected to the first reaction 
chamber 250a and Supplies a gas for forming the insulating 
film. A gas supply unit 258b is connected to the second 
reaction chamber 250b and supplies a gas for forming the 
semiconductor film. A gas Supply unit 258c is connected to 
the third reaction chamber 250c and supplies a semiconductor 
Source gas to which an impurity element imparting n-type 
conductivity is added, for example. A gas supply unit 258d is 
connected to the fourth reaction chamber 250d and supplies a 
gas for forming the semiconductor film. A gas Supply unit 
258e Supplies argon. A gas Supply unit 258f supplies an etch 
ing gas (a NF gas in this example) used for cleaning of the 
inside of the reaction chambers. Since an argon gas and an 
etching gas used for cleaning are used in all the reaction 
chambers, the gas Supply unit 258e and the gas Supply unit 
258fare preferably connected to all the reaction chambers. 
0120 A high-frequency power Supply unit for producing 
plasma is connected to each reaction chamber. The high 
frequency power Supply unit includes a high-frequency 
power source 252 and a matching box 254. A microwave 
generator may also be connected to each reaction chamber, 
without limitation to the above. For example, RF (13.56 
MHz) plasma, VHF (30 MHz to 300 MHz) plasma, or micro 
wave (2.45 GHz) plasma is generated. Note that, by generat 
ing RF plasma and VHF plasma at the same time (two fre 
quency excitation), the deposition rate can be improved. 
0121 The plasma used here is preferably pulse modula 
tion plasma. With the use of the pulse modulation plasma, the 
deposition rate in film formation can be improved, generation 
of particles in film formation can be suppressed, and the 
quality and thickness uniformity of the semiconductor film 
which is formed can be improved. In addition, the amount of 
generation of UV rays in plasma generation can be Sup 
pressed, and the number of defects in the semiconductor film 
which is formed can be reduced. 
0122. A crystalline semiconductor film, an amorphous 
semiconductor film, and an impurity semiconductor film to 
which an impurity element imparting one conductivity type is 
added may be formed Successively in one reaction chamber. 
Specifically, a Substrate provided with a gate insulating film is 
placed in a reaction chamber, and a crystalline semiconductor 
film, an amorphous semiconductor film, and a semiconductor 
film to which an impurity element imparting one conductivity 
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type is added (an impurity semiconductor film) are formed 
therein Successively. By forming the crystalline semiconduc 
tor film and the amorphous semiconductor film Successively 
in one reaction chamber, an interface with little crystal dis 
tortion can be formed. Thus, formation of an intended level at 
the interface can be prevented. Further, an atmospheric com 
ponent that can be mixed into the interface can be reduced. 
I0123. In addition, although not illustrated, a spare cham 
ber may be connected to the multi chamber plasma CVD 
apparatus of FIG. 13. When a substrate is preheated in the 
spare chamber before film formation, heating time that is 
required before deposition of a film in each reaction chamber 
can be shortened, whereby throughput can be improved. 
0.124. By successive deposition as described above, a plu 
rality of films can be stacked without any contamination of 
the interfaces thereofdue to a contaminant impurity element. 
Thus, variation in electric characteristics of the thin film 
transistor can be reduced. 
0.125. When the plasma CVD apparatus described above is 
used, a film of one kind or plural kinds of films of similar 
compositions can be formed Successively without being 
exposed to the air in each reaction chamber. Thus, a plurality 
of films can be stacked without any contamination of inter 
faces thereofdue to a residue of a film which has already been 
formed or an impurity element contained in the air. 
0.126 The inside of the reaction chamber of the plasma 
CVD apparatus may be cleaned with fluorine radicals. In 
addition, a protective film is preferably formed on the inside 
of the reaction chamber before film formation. 

I0127. An apparatus that can be used is not limited to the 
one illustrated in FIG. 13. For example, a CVD apparatus 
provided with two reaction chambers may be used. In such a 
case, one reaction chamber (a first reaction chamber) may be 
used to form a silicon oxide film using tetraethoxysilane 
(TEOS: Si(OCH)) for a source gas, and the other reaction 
chamber (a second reaction chamber) may be used to form a 
silicon nitride film, a silicon film, and a silicon film containing 
an impurity element imparting one conductivity type. Alter 
natively, an apparatus provided with only one reaction cham 
ber may also be used. 
I0128. Next, a resist mask 156 is formed over the impurity 
semiconductor film 154 which is to be the impurity semicon 
ductor layers 110 (FIG. 12C). The resist mask 156 can be 
fowled by a photolithography method. Alternatively, the 
resist mask 156 may be formed by an inkjet method or the 
like. Further alternatively, for the purpose of cost reduction, 
the resist mask 156 may be formed by a printing method or 
Subjected to laser processing after being formed by a printing 
method. 

0129. Next, the first semiconductor film 150, the second 
semiconductor film 152, and the impurity semiconductor film 
154 are etched using the resist mask 156. By this etching, 
these films can be separated corresponding to each element, 
and the first semiconductor layer 106, a second semiconduc 
tor layer 158, and an impurity semiconductor layer 160 are 
formed (FIG. 14A). After that, the resist mask 156 is 
removed. 
0.130. This etching is preferably performed so that the side 
Surface of a stack 162 including the first semiconductor layer 
106, the second semiconductor layer 158, and the impurity 
semiconductor layer 160 can have a tapered shape. The taper 
angle is 30° to 90° inclusive, preferably 40° to 80° inclusive. 
When the side surface of the stack 162 has a tapered shape, 
coverage with a film to be formed thereover (e.g., a conduc 
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tive film 164) in a later step can be improved, and disconnec 
tion of a wiring or the like can be prevented. 
0131 Then, the conductive film 164 is formed over the 
stack 162 (FIG. 14B). The conductive film 164 which is 
formed here becomes the source and drain electrode layers 
112, and thus, at least a portion in contact with the first 
semiconductor layer 106 is formed using a metal material 
with a low work function. That is, when the conductive film 
164 is a single layer, the conductive film 164 is formed using 
a metal material with a low work function. When the conduc 
tive film 164 is formed by stacking a plurality of layers, at 
least the lowermost layer of the conductive film 164 is formed 
using a metal material with a low work function. 
0132) The conductive film 164 may be formed by a sput 
tering method, a vacuum evaporation method, or the like. 
Alternatively, the conductive film 164 may be formed by 
discharging a conductive nanopaste of silver, gold, copper, or 
the like by a screen printing method, an inkjet method, or the 
like and baking it. 
0133. Next, a resist mask 166 is formed over the conduc 
tive film 164 (FIG. 14C). In a similar manner to the resist 
mask 156, the resist mask 166 can be formed by a photoli 
thography method or an inkjet method. Alternatively, for the 
purpose of cost reduction, the resist mask 166 may beformed 
by a printing method or Subjected to laser processing after 
being formed by a printing method. In addition, oxygen 
plasma ashing may be conducted to control the size of the 
resist mask. 

0134) Next, the conductive film 164 is etched to be pat 
terned using the resist mask 166, thereby forming the Source 
and drain electrode layers 112. In this embodiment, etching 
can be wet etching, for example. By using wet etching, por 
tions of the conductive film 164 which are not covered with 
the resist mask 166 are etched isotropically. As a result, the 
conductive layer recedes so that it is on an inner side than the 
resist mask 166, and thus the source and drain electrode layer 
112 are formed. The source and drain electrode layers 112 
serve not only as a source electrode and a drain electrode but 
also as a signal line. Note that dry etching may also be used 
without limitation to the wet etching. 
0135) Next, the second semiconductor layer 158 and the 
impurity semiconductor layer 160 are etched with the resist 
mask 166 formed thereover, so that a back channel portion is 
formed. By this etching, a part of the second semiconductor 
layer 158 is etched off, so that the second semiconductor layer 
108 and the impurity semiconductor layers 110 are formed. 
0136. At this time, as the etching process, dry etching, 

particularly, dry etching using a gas containing oxygen is 
preferably conducted. With the use of the gas containing 
oxygen, the impurity semiconductor layers 110 and the sec 
ond semiconductor layer 108 can be formed by etching while 
the resist is reduced in its size, so that the side surfaces of the 
impurity semiconductor layers 110 and the second semicon 
ductor layer 108 which is an amorphous semiconductor layer 
can be formed to have a tapered shape. As the etching gas, for 
example, an etching gas in which oxygen is mixed into tet 
rafluoromethane (CF) or an etching gas in which oxygen is 
mixed into chlorine is used. The tapered shape of the side 
surfaces of the impurity semiconductor layers 110 and the 
second semiconductor layer 108 which is an amorphous 
semiconductor layer can prevent concentration of an electric 
field and reduce off current. 
0.137 The second semiconductor layer 108 has a depres 
sion portion which is formed when a part of the second 
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semiconductor layer 108 is etched off. The second semicon 
ductor layer 108 is preferably formed to a thickness such that 
at least a part of the second semiconductor layer 108 overlap 
ping with the depression portion remains after etching. A 
portion of the second semiconductor layer 108 which over 
laps with the impurity semiconductor layers 110 is not etched 
in forming the Source and drain regions, and may have a 
thickness of about 80 nm to 500 nm inclusive, preferably 150 
nm to 400 nm inclusive, more preferably 200 nm to 300 nm 
inclusive. By forming the second semiconductor layer 108 
with a sufficient thickness as described above, mixture of an 
impurity element or the like into the first semiconductor layer 
106 can be prevented. In this manner, the second semicon 
ductor layer 108 also serves as a protective layer of the first 
semiconductor layer 106. 
0.138. Then, the resist mask 166 is removed. 
0.139. A constituent of a resist stripper used for removal of 
the resist mask 166, a residue in the back channel portion 
generated in the above steps, or the like often has an adverse 
effect on electric characteristics. Therefore, in order to 
remove such a constituent, a residue, or the like, one or more 
of etching, plasma treatment, and cleaning are further per 
formed after removal of the resist mask 166, whereby a thin 
film transistor with high electric characteristics (e.g., Small 
off current) can be manufactured. 
0140 Alternatively, after the source and drain electrode 
layers 112 are formed, the resist mask 166 may be removed, 
and etching may be performed using the source and drain 
electrode layers 112 as masks, so that the second semicon 
ductor layer 108 and the impurity semiconductor layers 110 
can be formed. 

0.141. Through the above process, the bottom gate thin 
film transistor illustrated in FIGS. 1A and 1B can be manu 
factured (FIG. 15A). The bottom gate thin film transistor 
illustrated in FIGS. 2A and 2B can also be manufactured 
through a process similar to the above. 
0.142 Next, a protective layer 114 is formed to cover the 
thin film transistor manufactured as described above (FIG. 
15B). The protective layer 114 can be formed in a manner 
similar to the gate insulating layer 104. The protective layer 
114 is preferably formed using silicon nitride. In particular, 
the protective layer 114 is preferably a dense silicon nitride 
layer Such that entry of a contaminant impurity element Such 
as an organic Substance, a metal Substance, or moisture con 
tained in the air can be prevented. 
0143. Note that the thin film transistor illustrated in FIGS. 
1A and 1B can be used as a pixel transistor, and thus, one of 
the source electrode and the drain electrode is connected to 
the pixel electrode. In the thin film transistor illustrated in 
FIGS. 1A and 1B, one of the source electrode and the drain 
electrode is connected to the pixel electrode layer 118 through 
the opening 116 provided in the protective layer 114. 
0144. The pixel electrode layer 118 can be formed using a 
conductive composition containing a conductive high mol 
ecule (also referred to as a conductive polymer) having a 
light-transmitting property by a sputtering method or the like. 
In this embodiment, ITO may be formed by a sputtering 
method. 

0145 The pixel electrode layer 118 may be formed in a 
manner similar to the source and drain electrode layers 112 or 
the like, in other words, a conductive film is formed over the 
entire Surface and etched using a resist mask or the like to be 
patterned (FIG. 15C). 
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0146 Although not illustrated, an organic resin layer may 
be formed between the protective layer 114 and the pixel 
electrode layer 118 by a spin coating method or the like so that 
a surface where the pixel electrode layer 118 is formed can be 
flat. 
0147 Note that in the above description, the gate electrode 
and the scan line are formed in the same process, and the 
Source and drain electrodes and the signal line are formed in 
the same process. However, the present invention is not lim 
ited to the description. The electrode and the wiring con 
nected to the electrode may be formed in different processes. 
0148. In this embodiment, the semiconductor layer having 
a stacked layer structure is described but the present invention 
is not limited thereto. The semiconductor layer may be one 
crystalline semiconductor layer. 
0149. In the above manner, a thin film transistor with small 
light leakage current and Small off current can be obtained. 
Further, a thin film transistor with small light leakage current 
and a high on/off ratio can be obtained. 

Embodiment 2 

0150. In this embodiment, a display device or a light 
emitting device which includes the thin film transistor 
described in Embodiment 1 according to one embodiment of 
the present invention will be described with reference to the 
drawings. 
0151. In the display device or the light-emitting device 
according to this embodiment, a signal line driver circuit and 
a scan line driver circuit may be formed over a different 
substrate (for example, a semiconductor substrate or an SOI 
Substrate) and then connected to a pixel portion or may be 
formed over the same Substrate as a pixel circuit. 
0152. Note that there are no particular limitations on the 
connection method of a Substrate separately formed: a known 
method such as a COG method, a wire bonding method, or a 
TAB method can be used. Further, a connection position is not 
limited to aparticular position as longas electrical connection 
is possible. Moreover, a controller, a CPU, a memory, and/or 
the like may be formed separately and connected to the pixel 
circuit. 
0153 FIG. 16 is an example of a block diagram of a 
display device in this embodiment. The display device illus 
trated in FIG. 16 includes a pixel portion 400 including a 
plurality of pixels each provided with a display element, a 
scan line driver circuit 402 which selects each pixel included 
in the pixel portion 400, and a signal line driver circuit 403 
which controls input of a video signal to a selected pixel. 
0154) Note that the display device in this embodiment is 
not limited to the mode illustrated in FIG. 16. That is, the 
signal line driver circuit is not limited to a mode including 
only a shift register and an analog Switch. In addition to the 
shift register and the analog Switch, another circuit Such as a 
buffer, a level shifter, or a source follower may be included. 
Further, the shift register and the analog Switch are not nec 
essarily provided. For example, another circuit Such as a 
decoder circuit by which a signal line can be selected may be 
used instead of the shift register, or a latch or the like may be 
used instead of the analog Switch. 
(O155 The signal line driver circuit 403 illustrated in FIG. 
16 includes a shift register 404 and an analog switch 405. A 
clock signal (CLK) and a start pulse signal (SP) are input to 
the shift register 404. When the clock signal (CLK) and the 
start pulse signal (SP) are input, a timing signal is generated 
in the shift register 404 and input to the analog switch 405. 
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0156 A video signal is supplied to the analog switch 405. 
The analog Switch 405 samples the video signal in accor 
dance with the timing signal input from the shift register 404 
and Supplies the sampled signal to a signal line of the Subse 
quent Stage. 
0157. The scan line driver circuit 402 illustrated in FIG.16 
includes a shift register 406 and a buffer 407. Further, a level 
shifter may be included. In the scan line driver circuit 402. 
when the clock signal (CLK) and the start pulse signal (SP) 
are input to the shift register 406, a selection signal is gener 
ated. The generated selection signal is buffered and amplified 
by the buffer 407, and the buffered and amplified signal is 
Supplied to a corresponding scan line. Gates of all pixel tran 
sistors of one line are connected to one scan line. Further, 
because the pixel transistors of one line should be turned on at 
the same time in the operation, the buffer 407 which can 
Supply large current is used. 
0158. In a full-color display device, when video signals 
corresponding to R (red), G (green), and B (blue) are sequen 
tially sampled and Supplied to corresponding signal lines, the 
number of terminals for connecting the shift register 404 and 
the analog switch 405 corresponds to approximately /3 of the 
number of terminals for connecting the analog switch 405 and 
the signal line of the pixel portion 400. Accordingly, com 
pared to the case where the analog switch 405 and the pixel 
portion 400 are formed over different substrates, the number 
of terminals used for connecting a Substrate which is sepa 
rately formed can be suppressed when the analog switch 405 
and the pixelportion 400 are formed over one substrate. Thus, 
occurrence of bad connection can be suppressed and yield can 
be improved. 
0159. Note that although the scan line driver circuit 402 in 
FIG. 16 includes the shift register 406 and the buffer 407, the 
present invention is not limited thereto. The scan line driver 
circuit 402 may be formed using only the shift register 406. 
0.160) Note that the structures of the signal line driver 
circuit and the scan line driver circuit are not limited to the 
structures illustrated in FIG.16, which is merely one mode of 
the display device. 
0.161 Next, appearance of a liquid crystal display device 
and a light-emitting device, each of which is one mode of the 
display device, will be described with reference to FIGS. 17A 
and 17B and FIGS. 18A and 18B. FIG. 17A is a top view of 
a display device in which a thin film transistor 420 including 
a crystalline semiconductor layer and a liquid crystal element 
423 that are formed over a first substrate 411 are sealed with 
a sealant 415 between the first substrate 411 and a second 
substrate 416. FIG. 17B is a cross-sectional view taken along 
line K-L in FIG. 17A. FIGS. 18A and 18B illustrate a light 
emitting device. In FIGS. 18A and 18B, only portions which 
are different from FIGS. 17A and 17B are denoted by refer 
ence numerals. 
(0162. In FIGS. 17A and 17B and FIGS. 18A and 18B, the 
sealant 415 is provided so as to surround a pixel portion 412 
and a scan line driver circuit 414 that are provided over the 
first substrate 411. The second substrate 416 is provided over 
the pixel portion 412 and the scan line driver circuit 414. 
Thus, the pixel portion 412 and the scan line driver circuit 
414, together with a liquid crystal layer 418 (or a filler 431 in 
FIGS. 18A and 18B), are sealed with the first substrate 411, 
the sealant 415, and the second substrate 416. Further, a signal 
line driver circuit 413 is mounted on a region over the first 
substrate 411, which is different from the region surrounded 
by the sealant 415. Note that the signal line driver circuit 413 
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is formed with thin film transistors having a crystalline semi 
conductor layer formed over a separately prepared substrate 
but is not limited thereto. Note that although an example in 
which the signal line driver circuit 413 including a thin film 
transistor using a crystalline semiconductor layer is attached 
to the first substrate 411 is described in this embodiment, a 
signal line driver circuit is preferably formed with a thin film 
transistor using a single crystal semiconductor and attached 
to the first Substrate 411. FIG. 17B illustrates a thin film 
transistor 419 formed using a crystalline semiconductor 
layer, which is included in the signal line driver circuit 413. 
0163 The pixel portion 412 provided over the first sub 
strate 411 includes a plurality of thin film transistors, and in 
FIG. 17B, a thin film transistor 420 included in the pixel 
portion 412 is exemplified. In addition, the signal line driver 
circuit 413 also includes a plurality of thin film transistors, 
and in FIG. 17B, a thin film transistor 419 included in the 
signal line driver circuit 413 is exemplified. In the light 
emitting device in this embodiment, the thin film transistor 
420 may be a driving transistor, a current control transistor, or 
an erasing transistor. The thin film transistor 420 corresponds 
to the thin film transistor including a crystalline semiconduc 
tor layer described in Embodiment 1. 
0164. In addition, a pixel electrode 422 of the liquid crys 

tal element 423 is electrically connected to the thin film 
transistor 420 through a wiring 428. A counter electrode 427 
of the liquid crystal element 423 is formed on the second 
substrate 416. The liquid crystal element 423 corresponds to 
a portion where the pixel electrode 422, the counter electrode 
427, and the liquid crystal layer 418 overlap with each other. 
(0165. In FIGS. 18A and 18B, a pixel electrode included in 
a light-emitting element 430 is electrically connected to a 
source or drain electrode of the thin film transistor 420 
through a wiring. Further in this embodiment, a light-trans 
mitting conductive layer and a common electrode of the light 
emitting element 430 are electrically connected to each other. 
The structure of the light-emitting element 430 is not limited 
to the structure described in this embodiment. The structure 
of the light-emitting element 430 can be determined in accor 
dance with a direction of light taken from the light-emitting 
element 430, polarity of the thin film transistor 420, or the 
like. 

0166 The first substrate 411 and the second substrate 416 
can be formed using glass, metal (a typical example is stain 
less steel), ceramics, plastics, or the like. As plastic, a fiber 
glass-reinforced plastic (FRP) plate, a polyvinyl fluoride 
(PVF) film, a polyester film, an acrylic resin film, or the like 
can be used. Further, a sheet in which aluminum foil is sand 
wiched by PVF films or polyester films may be used. 
0167 A spacer 421 is a bead spacer, and is provided to 
control a distance (a cell gap) between the pixel electrode 422 
and the counter electrode 427. Further, a spacer (a post 
spacer) which is obtained by selectively etching an insulating 
layer may also be used. 
0168 A variety of signals (potentials) supplied to the pixel 
portion 412 and the Scanline driver circuit 414, and the signal 
line driver circuit 413 which is formed separately are supplied 
from an FPC (flexible printed circuit) 417 through a lead 
wiring 424 and a lead wiring 425. 
(0169. In FIGS. 17A and 17B, a connection terminal 426 is 
formed using the same conductive layer as the pixel electrode 
422 included in the liquid crystal element 423. 
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0170 Further, the lead wiring 424 and the lead wiring 425 
are formed using the same conductive layer as the wiring 428. 
However, the present invention is not limited thereto. 
0171 The connection terminal 426 is electrically con 
nected to a terminal included in the FPC 417 through an 
anisotropic conductive layer 429. 
0172 Although not illustrated, the liquid crystal display 
device described in this embodiment includes alignment 
films and polarizing plates, and may also include a color filter, 
a light-blocking layer or the like. 
(0173. In FIGS. 18A and 18B, a connection terminal 426 is 
formed using the same conductive layer as the pixel electrode 
included in the light-emitting element 430. Further, a lead 
wiring 425 is formed using the same conductive layer as the 
wiring 428. However, the present invention is not limited 
thereto. 
0.174 As the second substrate located in the direction in 
which light is extracted from the light-emitting element 430, 
a light-transmitting Substrate is used. In that case, a substrate 
formed using a light-transmitting material Such as a glass 
plate, a plastic plate, a polyester film, or an acrylic film is 
used. When light is extracted from the light-emitting element 
430 in a direction of the first substrate, a light-transmitting 
substrate is used as the first substrate. 
(0175. As the filler 431, an ultraviolet curable resin, a ther 
mosetting resin, or the like as well as an inert gas such as 
nitrogen or argon can be used. For example, polyvinyl chlo 
ride (PVC), acrylic, polyimide, an epoxy resin, a silicone 
resin, polyvinyl butyral (PVB), or ethylene vinyl acetate 
(EVA) can be used. In this embodiment, for example, nitrogen 
may be used. 
0176 An optical film Such as a polarizing plate, a circu 
larly polarizing plate (including an elliptically polarizing 
plate), a retardation plate (a quarter-wave plate or a half-wave 
plate), or a color filter may be provided as appropriate for a 
light-emitting Surface of the light-emitting element. Further, a 
polarizing plate or a circularly polarizing plate may be pro 
vided with an anti-reflection layer. 
0177. As described above, a display device can be manu 
factured by using the thin film transistor described in Embodi 
ment 1. 

Embodiment 3 

0.178 In this embodiment, an electronic device on which 
the display device described in Embodiment 2 is mounted 
will be described with reference to the drawings. Examples of 
Such an electronic device include a television set (also 
referred to as a television or a television receiver), a monitor 
of a computer, electronic paper, a camera such as a digital 
camera or a digital video camera, a digital photo frame, a 
mobile phone set (also referred to as a mobile phone or a 
mobile phone device), a portable game machine, a portable 
information terminal, an audio reproducing device, a large 
sized game machine Such as a pachinko machine, and the like. 
0179. As an example of the electronic device, electronic 
paper is given. Electronic paper can be used for electronic 
devices of a variety of fields as long as they can display data. 
For example, electronic paper can be used for an electronic 
book device (e-book), posters, advertisement in vehicles Such 
as trains, display of data on a variety of cards such as credit 
cards, and so on. FIG. 19A illustrates an example of the 
electronic device. 
0180 FIG. 19A illustrates an example of the electronic 
book device. The electronic book device illustrated in FIG. 
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19A includes housings 500 and 501. The housings 500 and 
501 are connected with a hinge 504 so that the electronic book 
device can be opened and closed. With such a structure, the 
electronic book device can be handled like a paper book. 
0181. A display portion 502 and a display portion 503 are 
incorporated in the housing 500 and the housing 501, respec 
tively. The display portions 502 and 503 may display one 
image or different images. In the structure where the display 
portions display different images from each other, for 
example, the right display portion (the display portion 502 in 
FIG. 19A) can display text and the left display portion (the 
display portion 503 in FIG. 19A) can display images. The 
display device described in Embodiment 2 can be applied to 
the display portions 502 and 503. 
0182. In addition, FIG. 19A illustrates an example in 
which the housing 500 is provided with an operation portion 
and the like. For example, the housing 500 is provided with a 
power input terminal 505, an operation key 506, a speaker 
507, and the like. The page can be turned with the operation 
key 506, for example. Note that a keyboard, a pointing device, 
or the like may also be provided on the surface of the housing, 
on which the display portion is provided. Furthermore, an 
external connection terminal (an earphone terminal, a USB 
terminal, a terminal that can be connected to various cables 
such as a USB cable, or the like), a recording medium inser 
tion portion, and the like may be provided on the back surface 
or the side surface of the housing. Further, the electronic book 
device illustrated in FIG. 19A may have a function of an 
electronic dictionary. 
0183. Further, the electronic book device illustrated in 
FIG. 19A may transmit and receive data wirelessly. By wire 
less communication, desired book data or the like can be 
purchased and downloaded from an electronic book server. 
0184 FIG. 19B illustrates an example of a digital photo 
frame. For example, in the digital photo frame illustrated in 
FIG. 19B, a display portion 512 is incorporated in a housing 
511. The display portion 512 can display various images. For 
example, the display portion 512 can display data of an image 
shot by a digital camera or the like to function as a normal 
photo frame. The display device described in Embodiment 2 
can be applied to the display portion 512. 
0185. Note that the digital photo frame illustrated in FIG. 
19B may be provided with an operation portion, an external 
connection terminal, a recording medium insertion portion, 
and the like. Although they may be provided on the same 
surface as the display portion, it is preferable to provide them 
on the side surface or the back surface for the design of the 
digital photo frame. For example, a memory storing data of an 
image shot by a digital camera is inserted in the recording 
medium insertion portion of the digital photo frame, whereby 
the image data can be downloaded and displayed on the 
display portion 512. 
0186. The digital photo frame illustrated in FIG. 19B may 
be configured to transmit and receive data wirelessly. By 
wireless communication, desired image data can be down 
loaded to be displayed. 
0187 FIG. 19C illustrates an example of a television set. 
In the television set illustrated in FIG. 19C, a display portion 
522 is incorporated in a housing 521. Images can be displayed 
on the display portion 522. Here, the housing 521 is supported 
by a stand 523. The display device described in Embodiment 
2 can be applied to the display portion 522. 
0188 The television set illustrated in FIG. 19C can be 
operated by an operation switch of the housing 521 or a 
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remote controller. Channels and volume can be controlled by 
an operation key of the remote controller so that an image 
displayed on the display portion 522 can be controlled. Fur 
ther, the remote controller may be provided with a display 
portion for displaying data output from the remote controller. 
The display device described in Embodiment 2 can be applied 
to the display portion of the remote controller. 
(0189 Note that the television set illustrated in FIG. 19C is 
provided with a receiver, a modem, and the like. With the 
receiver, a general television broadcast can be received. Fur 
ther, when the television set is connected to a communication 
network by wired or wireless connection via the modem, 
one-way (from a transmitter to a receiver) or two-way (be 
tween a transmitter and a receiver, between receivers, or the 
like) data communication can be performed. 
(0190 FIG. 19D illustrates an example of a mobile phone 
set. The mobile phone set illustrated in FIG. 19D is provided 
with a display portion 532 incorporated in a housing 531, 
operation buttons 533 and 537, an external connection port 
534, a speaker 535, a microphone 536, and the like. The 
display device described in Embodiment 2 can be applied to 
the display portion 532. 
(0191). The display portion 532 of the mobile phone set 
illustrated in FIG. 19D may be a touch panel. When the 
display portion 532 is touched with a finger or the like, con 
tents displayed on the display portion 532 can be controlled. 
In this case, making calls, composing mails, and the like can 
be performed by touching the display portion 532 with a 
finger or the like. 
0.192 There are mainly three screen modes for the display 
portion 532. The first mode is a display mode mainly for 
displaying images. The second mode is an input mode mainly 
for inputting data Such as text. The third mode is a display 
and-input mode in which two modes of the display mode and 
the input mode are combined. 
0193 For example, in the case of making a call or com 
posing a mail, a text input mode mainly for inputting text is 
selected for the display portion 532 so that text displayed on 
the screen may be input. In that case, it is preferable to display 
a keyboard or number buttons on a large area of the screen of 
the display portion 532. 
0194 When a detection device including a sensor for 
detecting inclination, such as a gyroscope or an acceleration 
sensor, is provided inside the mobile phone set illustrated in 
FIG. 19D, display data for the display portion 532 can be 
automatically switched by determining the orientation of the 
mobile phone set (whether the mobile phone set is placed 
horizontally or vertically for a landscape mode or a portrait 
mode). 
0.195 The screen modes may be switched by touching the 
display portion 532 or operating the operation button 537 of 
the housing 531. Alternatively, the screen modes may be 
Switched depending on the kind of the image displayed on the 
display portion 532. For example, when a signal of an image 
displayed on the display portion is the one of moving image 
data, the screen mode is changed to the display mode. When 
the signal is the one of text data, the screen mode is changed 
to the input mode. 
0196. Moreover, in the input mode, when input by touch 
ing the display portion 532 is not performed for a specified 
period of time while a signal detected by an optical sensor in 
the display portion 532 is detected, the screen mode may be 
controlled so as to be switched from the input mode to the 
display mode. 
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0197) The display portion 532 can also function as an 
image sensor. For example, an image of a palm print, a fin 
gerprint, or the like is taken by the image sensor by touching 
the display portion 532 with a palm or a finger, whereby 
personal authentication can be performed. Furthermore, by 
providing a backlight or a sensing light source emitting a 
near-infrared light for the display portion, an image of a finger 
vein, a palm vein, or the like can also be taken. 

Example 1 

0198 In this example, measurement results of electric 
characteristics of a thin film transistor manufactured accord 
ing to Embodiment 1 and the like will be described. 
(0199 FIGS. 10A and 10B show curves representing cur 
rent-Voltage characteristics of drain current with respect to 
gate voltage (hereinafter I-V curve) of the thin film transistors 
illustrated in FIGS 1A and 1B and FIGS 2A and 2B. As 
described in the above embodiments, the source and drain 
electrode layers are formed using molybdenum which is a 
material with a high work function. FIG. 10A shows an I-V 
curve of the thin film transistor illustrated in FIGS. 2A and 
2B, and FIG. 10B shows an I-V curve of the thin film tran 
sistor illustrated in FIGS. 1A and 1B. The dimensions of the 
thin film transistors are as described in FIGS. 20A and 20B. 
0200. As described in the above embodiments, compari 
son between FIGS. 10A and 10B shows that, in the case 
where the source and drain electrode layers are formed using 
molybdenum, off current of the thin film transistor illustrated 
in FIGS. 1A and 1B is much larger than that of the thin film 
transistor illustrated in FIGS. 2A and 2B, which makes it 
difficult for the thin film transistor to normally function as a 
switching element. When FIGS. 11A and 11B are compared, 
there is no large difference between off current of the thin film 
transistor illustrated in FIGS. 1A and 1B and that of the thin 
film transistor illustrated in FIGS. 2A and 2B. Therefore, it is 
particularly effective to form the source and drain electrode 
layers of the thin film transistor illustrated in FIGS. 1A and 
1B using a material with a low work function. 
0201 FIGS. 3A and 3B show I-V curves of the thin film 

transistors illustrated in FIGS. 4A and 4B. The thin film 
transistor of FIG. 4A does not include the first semiconductor 
layer 106, but other components thereofare similar to those of 
the thin film transistor illustrated in FIGS. 1A and 1B. Note 
that the second semiconductor layer 108 is formed using an 
amorphous semiconductor. The thin film transistor of FIG. 
4B does not include the first semiconductor layer 206, but 
other components thereofare similar to those of the thin film 
transistorillustrated in FIGS. 2A and 2B. Note that the second 
semiconductor layer 208 is formed using anamorphous semi 
conductor. That is, the thin film transistors illustrated FIGS. 
4A and 4B are each a thin film transistor in which a channel 
formation region is formed using an amorphous semiconduc 
tor layer. The source and drain electrode layers are formed 
using molybdenum as in FIGS. 10A and 10B. The dimensions 
of the thin film transistors areas described in FIGS. 20A and 
2OB. 
(0202) According to FIGS. 3A and 3B, in the thin film 
transistor in which the channel formation region is formed 
using an amorphous semiconductor layer, there is no large 
difference in I-V curves between the structure in which the 
gate electrode layer overlaps with the entire surface of the 
semiconductor layer (the structure illustrated in FIG. 4A) and 
the structure in which the gate electrode layer overlaps with 
only a part of the semiconductor layer (the structure illus 
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trated in FIG. 4B). Therefore, in the case where the first 
semiconductor layer is formed using a crystalline semicon 
ductor layer, it is particularly effective to form the source and 
drain electrode layers using a material with a low work func 
tion. 
0203 This application is based on Japanese Patent Appli 
cation serial no. 2008-316196 filed with Japan Patent Office 
on Dec. 11, 2008 and Japanese Patent Application serial no. 
2009-128675 filed with Japan Patent Office on May 28, 2009, 
the entire contents of which are hereby incorporated by ref 
CCC. 

REFERENCE NUMERALS 

0204 100: substrate, 102: gate electrode layer, 104: gate 
insulating layer, 106: first semiconductor layer, 108: second 
semiconductor layer, 110: impurity semiconductor layer, 
112: source and drain electrode layer, 114: protective layer, 
116: opening, 118: pixel electrode layer, 130: portion, 131: 
portion, 132: portion, 150: first semiconductor film, 152: 
second semiconductor film, 154: impurity semiconductor 
film, 156: resist mask, 158: second semiconductor layer, 160: 
impurity semiconductor layer, 162: Stack, 164: conductive 
film, 166: resist mask, 200: substrate, 202: gate electrode 
layer, 204: gate insulating layer, 206: first semiconductor 
layer, 208: second semiconductor layer, 210: impurity semi 
conductor layer, 212: source and drain electrode layer, 214: 
protective layer, 216: opening, 218: pixel electrode layer, 
230: portion, 231: portion, 250a: reaction chamber, 250b: 
reaction chamber, 250c: reaction chamber, 250d: reaction 
chamber, 252: high-frequency power Source, 254: matching 
box. 258: gas supply unit, 258a: gas supply unit, 258b: gas 
Supply unit, 258c: gas Supply unit, 258d.: gas Supply unit, 
258e: gas supply unit, 258f gas supply unit, 260: butterfly 
valve, 262: conductance valve, 264: turbo-molecular pump, 
266: dry pump, 268: cryopump, 270: load/unload chamber, 
272: common chamber, 274: gate valve, 276: transfer unit, 
400: pixel portion, 402: scan line driver circuit, 403: signal 
line driver circuit, 404: shift register, 405: analog switch, 406: 
shift register, 407: buffer, 4.11: substrate, 412: pixel portion, 
413: signal line driver circuit, 414: scan line driver circuit, 
415: sealant, 416: substrate, 417: FPC, 418: liquid crystal 
layer. 419: thin film transistor, 420: thin film transistor, 421: 
spacer, 422: pixel electrode, 423: liquid crystal element, 424: 
wiring, 425: wiring, 426: connection terminal, 427: counter 
electrode, 428: wiring, 429: anisotropic conductive layer, 
430: light-emitting element, 431: filler, 500: housing, 501: 
housing, 502: display portion, 503: display portion, 504: 
hinge, 505: power input terminal, 506: operation key, 507: 
speaker, 511: housing, 512: display portion, 521: housing, 
522: display portion, 523: stand, 531: housing, 532: display 
portion, 533: operation button, 534: external connection port, 
535: speaker, 536: microphone, 537; operation button 

1. A thin film transistor comprising: 
a gate electrode layer, 
a first semiconductor layer, 
a second semiconductor layer provided on and in contact 

with the first semiconductor layer, wherein carrier 
mobility of the second semiconductor layer is lower than 
carrier mobility of the first semiconductor layer; 

a gate insulating layer provided between and in contact 
with the gate electrode layer and the first semiconductor 
layer; 

impurity semiconductor layers provided in contact with the 
second semiconductor layer; 
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a source electrode layer provided partially in contact with 
one of the impurity semiconductor layers, the first semi 
conductor layer, and the second semiconductor layer; 
and 

a drain electrode layer provided partially in contact with 
the other of the impurity semiconductor layers, the first 
semiconductor layer, and the second semiconductor 
layer; 

wherein an entire surface of the first semiconductor layer 
on the gate electrode layer overlaps with the gate elec 
trode layer, and 

wherein a potential barrier at a portion where the first 
semiconductor layer is in contact with the Source elec 
trode layer or the drain electrode layer is greater than or 
equal to 0.5 eV. 

2. The thin film transistor according to claim 1, wherein a 
width of a forbidden band of the second semiconductor layer 
is larger than a width of a forbidden band of the first semi 
conductor layer with which the source electrode layer and the 
drain electrode layer are in contact. 

3. The thin film transistor according to claim 1, wherein the 
first semiconductor layer includes a crystalline semiconduc 
tor and the second semiconductor layer includes an amor 
phous semiconductor. 

4. The thin film transistor according to claim3, wherein the 
first semiconductor layer is formed using a microcrystalline 
semiconductor and the microcrystalline semiconductor com 
prises crystal grains having a grain size of greater than or 
equal to 2 nm and less than or equal to 200 nm. 

5. The thin film transistor according to claim 4, wherein the 
second semiconductor layer comprises the amorphous semi 
conductor and a minute semiconductor crystal grain. 

6. The thin film transistor according to claim 5, wherein the 
amorphous semiconductor comprises an NH group. 

7. The thin film transistor according to claim 1, wherein a 
distance from an interface between the gate insulating layer 
and the first semiconductor layer to the top of a convex por 
tion of the second semiconductor layer is set at greater than or 
equal to 3 nm and less than or equal to 80 nm. 

8. The thin film transistor according to claim 1, wherein the 
impurity semiconductor layers are formed using a crystalline 
semiconductor. 

9. The thin film transistor according to claim 1, wherein a 
material used for at least a part of the source electrode layer 
and the drain electrode layer comprises at least one of yttrium, 
Zirconium, titanium and titanium nitride. 

10. A thin film transistor comprising: 
a gate electrode layer, 
a first semiconductor layer; 
a second semiconductor layer provided on and in contact 

with the first semiconductor layer, wherein carrier 
mobility of the second semiconductor layer is lower than 
carrier mobility of the first semiconductor layer; 

16 
Jun. 17, 2010 

a gate insulating layer provided between and in contact 
with the gate electrode layer and the first semiconductor 
layer; 

impurity semiconductor layers provided in contact with the 
second semiconductor layer; 

a source electrode layer provided partially in contact with 
one of the impurity semiconductor layers, the first semi 
conductor layer, and the second semiconductor layer; 
and 

a drain electrode layer provided partially in contact with 
the other of the impurity semiconductor layers, the first 
semiconductor layer, and the second semiconductor 
layer; 

wherein an entire surface of the first semiconductor layer 
on the gate electrode layer overlaps with the gate elec 
trode layer; and 

wherein a work function of a material for forming the 
Source electrode layer and the drain electrode layer is (p. 
a difference between a vacuum level and a bottom of a 
mobility edge of the first semiconductor layer is X, a 
width of a forbidden band of the first semiconductor 
layer is E. and E+%-p is greater than or equal to 0.5 eV. 

11. The thin film transistor according to claim 10, wherein 
a width of a forbidden band of the second semiconductor 
layer is larger than a width of a forbidden band of the first 
semiconductor layer with which the source electrode layer 
and the drain electrode layer are in contact. 

12. The thin film transistor according to claim 10, wherein 
the first semiconductor layer includes a crystalline semicon 
ductor and the second semiconductor layer includes an amor 
phous semiconductor. 

13. The thin film transistor according to claim 12, wherein 
the first semiconductor layer is formed using a microcrystal 
line semiconductor and the microcrystalline semiconductor 
comprises crystal grains having a grain size of greater than or 
equal to 2 nm and less than or equal to 200 nm. 

14. The thin film transistor according to claim 13, wherein 
the second semiconductor layer comprises the amorphous 
semiconductor and a minute semiconductor crystal grain. 

15. The thin film transistor according to claim 14, wherein 
the amorphous semiconductor comprises an NH group. 

16. The thin film transistor according to claim 10, wherein 
a distance from an interface between the gate insulating layer 
and the first semiconductor layer to the top of a convex por 
tion of the second semiconductor layer is set at greater than or 
equal to 3 nm and less than or equal to 80 nm. 

17. The thin film transistor according to claim 10, wherein 
the impurity semiconductor layers are formed using a crys 
talline semiconductor. 

18. The thin film transistor according to claim 10, wherein 
a material used for at least a part of the source electrode layer 
and the drain electrode layer comprises at least one of yttrium, 
Zirconium, titanium and titanium nitride. 

c c c c c 
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