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(57) ABSTRACT 
A semiconductor element is operated without being affected 
even when the substrate is largely affected by heat shrink such 
as a large Substrate. Furthermore, a thin film semiconductor 
circuit and a thin film semiconductor device each having the 
semiconductor element. Also, a semiconductor element is 
operated without being affected even if there is slight mask 
deviation. In view of them, a plurality of gate electrodes 
formed so as to overlap a lower concentration impurity region 
of a semiconductor layer than drain regions on a drain region 
side. Also, source regions and the drain regions correspond 
ing to the respective gate electrodes are formed so that current 
flows in opposite directions each other through channel 
regions corresponding to the gate electrodes. Further, the 
number of the channel regions in which a current flows in a 
first direction is equal to the number of the channel regions in 
which a current flows in a direction opposite to the first 
direction. 
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THIN FILM TRANSISTOR, 
SEMICONDUCTOR DEVICE, AND METHOD 

FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a thin film element 
formed over a glass Substrate and to a glass Substrate over 
which a thin film element is formed. 
0003 2. Description of the Related Art 
0004. A glass substrate, which is low in cost as compared 
with a quartz. Substrate and easy to form in large size, has been 
frequently used as a Substrate for a flat panel display and the 
like. 
0005. However, a glass substrate is low in heat distortion 
temperature and weak of heat, thus there are many restrictions 
in the process of forming a thin film semiconductor over a 
glass Substrate. In view of this, in the case of forming poly 
silicon over a glass Substrate, a process using laser crystalli 
Zation is adopted so that the Substrate is not heated much. 
0006 Nevertheless, the substrate is necessarily heated to a 
certain degree in order to, for example, activate impurities, 
thus various countermeasures to alleviate the heat shrink have 
been devised as disclosed in Patent Document 1 and Patent 
Document 2. 

Patent Document 1 
0007 Japanese Patent Laid-Open No. 2002-175984 

Patent Document 2 
0008 Japanese Patent Laid-Open No. 2003-335547 
0009. In accordance with the cost reduction and enlarge 
ment of a display size, a glass Substrate has gradually been 
enlarged, thereby causing considerable Substrate distortion 
due to heat shrink. Thus, a further countermeasure is required. 
0010. In addition, as a design rule has been diminished, an 
acceptable margin for mask deviation has been Smaller, 
thereby causing deviation in Some cases due to misalignment 
or substrate distortion even if the mask is aligned with high 
precision. 
0011. In view of the foregoing, the invention provides a 
semiconductor element where the operation is not affected 
even when being formed over a substrate which is largely 
affected by heat shrink Such as a large Substrate. In addition, 
the invention provides a thin film semiconductor circuit and a 
thin film semiconductor device each provided with the semi 
conductor element. 
0012. In addition, according to the invention, a semicon 
ductor element is provided where the operation is not affected 
even if there is slight mask deviation. Furthermore, the inven 
tion provides a thin film semiconductor circuit and a thin film 
semiconductor device each provided with the semiconductor 
element. 

SUMMARY OF THE INVENTION 

0013. According to one aspect of the invention, there is 
provided a plurality of gate electrodes formed so as to overlap 
a lower concentration impurity region of a semiconductor 
layer than drain regions on a drain region side. Also, Source 
regions and the drain regions corresponding to the respective 
gate electrodes are formed so that current flows in opposite 
directions each other through channel regions corresponding 
to the gate electrodes. Further, the number of the channel 
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regions in which a current flows in a first direction is equal to 
the number of the channel regions in which a current flows in 
a direction opposite to the first direction. 
0014. According to another aspect of the invention, a thin 
film transistor comprises a plurality of gate electrodes formed 
over a semiconductor layer, channel regions corresponding to 
the gate electrodes, and source and drain regions correspond 
ing to the respective gate electrodes formed in the semicon 
ductor layer, which contain one conductivity type impurity 
element. In addition, the semiconductor layer comprises 
lower concentration impurity regions than the drain regions at 
one portions on the drain sides which overlap the gate elec 
trodes. Further, when a direction of a current flowing through 
one of the channel regions is referred to as a standard direc 
tion, the number of the channel regions in which a current 
flows in the standard direction and the number of the channel 
regions in which a current flows in a direction opposite to the 
standard direction are equal. 
0015. According to another aspect of the invention, a thin 
film transistor comprises a plurality of gate electrodes formed 
over a plurality of semiconductor layers, channel regions 
corresponding to the gate electrodes, and Source and drain 
regions corresponding to the respective gate electrodes 
formed in the plurality of semiconductor layers, which con 
tain one conductivity type impurity element. In addition, the 
plurality of semiconductor layers comprise lower concentra 
tion impurity regions than the drain regions at one portions on 
the drain sides which overlap the gate electrodes. Further, 
when a direction of a current flowing through one of the 
channel regions is referred to as a standard direction, the 
number of the channel regions in which a current flows in the 
standard direction and the number of the channel regions in 
which a current flows in a direction opposite to the standard 
direction are equal. 
0016. According to another aspect of the invention, a thin 
film transistor comprises a even numbers of gate electrodes 
formed over a semiconductor layer, channel regions corre 
sponding to the respective gate electrodes, and source and 
drain regions corresponding to the respective gate electrodes 
formed in the semiconductor layer, which contain a one con 
ductivity type impurity element. In addition, the semiconduc 
tor layer comprises lower concentration impurity regions than 
the drain regions at one portions on the drain sides which 
overlap the gate electrodes. Further, when a direction of cur 
rent flowing through one of the channel regions is referred to 
as a standard direction, the number of the channel regions in 
which a current flows in the standard direction and the num 
ber of the channel regions in which a current flows in a 
direction opposite to the standard direction are equal. 
0017. According to another aspect of the invention, a 
semiconductor device is provided which comprises a first 
transistor and a second transistor, wherein the first transistor 
and the second transistor each comprises a semiconductor 
layer, a gate insulating film for covering the semiconductor 
layer and a gate electrode formed over the gate insulating 
film. Further, the semiconductor layer is doped with a p-type 
oran n-type impurity element. Moreover, a source region of 
the first transistor and a source region of the second transistor 
are electrically connected each other. In the same manner, 
drain regions and the gate electrodes are electrically con 
nected each other in the two transistors. In addition, the semi 
conductor layer over which the gate electrode is formed com 
prises at least a channel region and a lower concentration 
impurity region than the drain region. Additionally, a current 
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flows in the two transistors in parallel directions to each other, 
the width of the respective gate electrodes of the two transis 
tors are equal, a part of a semiconductor layer which overlaps 
the gate electrode has the same shape between the two tran 
sistors, and current flows through the two transistors in oppo 
site directions to each other. 

0018. According to another aspect of the invention, a 
semiconductor device is provided which comprises a first 
transistor and a second transistor, and the first transistor and 
the second transistor each comprises a semiconductor layer, a 
gate insulating film for covering the semiconductor layer and 
a gate electrode formed over the gate insulating film. Further, 
the semiconductor layer is doped with a p-type or an n-type 
impurity element at a first concentration. In addition, the 
semiconductor layer over which the gate electrode is formed 
comprises at least a channel region and a lower concentration 
impurity region than the first concentration region. Moreover, 
both the two transistors are input from a first wiring and 
output to a second wiring, and respective gate electrodes are 
electrically connected between the two transistors. Addition 
ally, a current flows through the two transistors in parallel 
directions to each other, the width of the respective gate 
electrodes of the two transistors are equal, a portion of the 
semiconductor layer which overlaps the gate electrode has the 
same shape between the two transistors, and current flows 
through the two transistors in opposite directions to each 
other. 

0019. According to another aspect of the invention, a 
semiconductor device is provided which comprises a first 
transistor and a second transistor, and the first transistor and 
the second transistor each comprises a semiconductor layer, a 
gate insulating film for covering the semiconductor layer and 
a gate electrode formed over the gate insulating film. Further, 
the semiconductor layer is doped with a p-type or an n-type 
impurity element at a first concentration. In addition, the 
semiconductor layer over which the gate electrode is formed 
comprises at least a channel region and a lower concentration 
impurity region than the first concentration region. Moreover, 
parasitic capacitance between a source region and the gate 
electrode of the first transistor is equal to parasitic capaci 
tance between a drain region and the gate electrode of the 
second transistor. Additionally, a current flows through the 
two transistors in parallel directions to each other, the width 
of the respective gate electrodes of the two transistors are 
equal, a portion of the semiconductor layer which overlaps 
the gate electrode has the same shape between the two tran 
sistors, and a current flows through the two transistors in 
opposite directions to each other. 
0020. According to another aspect of the invention, a tran 
sistor is provided which comprises a plurality of transistors 
each comprises a semiconductor layer, an insulating film and 
a gate electrode, and the gate electrodes of the plurality of 
transistors are electrically connected to each other, each of the 
gate electrode comprises a first-layer gate electrode and a 
second-layer gate electrode, drain regions of the plurality of 
transistors are electrically connected to each other, Source 
regions of the plurality of transistors are electrically con 
nected to each other, the plurality of transistors comprises a 
transistor including a channel through which a current flows 
in a first direction and a transistor including a channel through 
which current flows in a second direction that is opposite to 
the first direction. 
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0021. According to another aspect of the invention, a tran 
sistor having the above-described structure comprises the 
semiconductor layer shared between the plurality of transis 
tOrS. 

0022. According to another aspect of the invention, a tran 
sistor having the above-described structure comprises the 
semiconductor layer which is different among the plurality of 
transistors. 
0023. According to another aspect of the invention, a tran 
sistor having the above-described structure comprises the 
Source region and the drain region which are added with an 
n-type or a p-type impurity element at a first concentration. 
0024. According to another aspect of the invention, a tran 
sistor having the above-described structure comprises a por 
tion of the semiconductor layer which overlaps only the sec 
ond-layer gate electrode is added with one impurity element 
as that of the source region and the drain region at a lower 
concentration than the first concentration. 
0025. According to another aspect of the invention, a tran 
sistor having the above-described structure characterized in 
that the number of the transistors through which current flows 
in the first direction and the number of the transistors through 
which current flows in the second direction are equal in the 
plurality of transistors, and the width of the semiconductor 
layers each of which overlaps the second-layer gate electrode 
and in a direction perpendicular to the first direction or the 
second direction in a plane parallel to a surface of the Sub 
strate is equal in the plurality of transistors. 
0026. According to another aspect of the invention, a tran 
sistor having the above-described structure has a first portion 
where the semiconductor layer through which current flows 
in the first direction overlaps the second-layer gate electrode. 
Further, the transistor has a second portion where the semi 
conductor layer through which current flows in the second 
direction overlaps the second-layer gate electrode. A total 
width of the first portions of a plurality of the transistors in a 
direction perpendicular to the first direction in a plane parallel 
to a surface of the substrate is equal to a total width of the 
second portions of a plurality of the transistors in a direction 
perpendicular to the first direction in a plane parallel to a 
surface of the substrate. 
0027. According to another aspect of the invention, a tran 
sistor is provided which comprises a first transistor having a 
first semiconductor layer, a gate insulating film and a first gate 
electrode and a second transistor having a second semicon 
ductor layer, the gate insulating film and a second gate elec 
trode. In addition, the first gate electrode and the second gate 
electrode are electrically connected to each other, and the first 
gate electrode and the second gate electrode are each com 
prises a first-layer gate electrode and a second-layer gate 
electrode. Additionally, a drain region of the first transistor 
and a drain region of the second transistor are electrically 
connected to each other, a source region of the first transistor 
and a source region of the second transistor are electrically 
connected to each other, and current flows through channels 
in the first transistor and the second transistor in opposite 
directions to each other. 
0028. According to another aspect of the invention, a tran 
sistor having the above-described structure has the source 
region and the drain region added with an n-type or a p-type 
impurity element at a first concentration. 
0029. According to another aspect of the invention, a tran 
sistor having the above-described structure has the first semi 
conductor layer which overlaps the second-layer gate elec 
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trode of the first gate electrode but does not overlap the 
first-layer gate electrode of the first gate electrode is added 
with the same impurity element as that of the source region 
and the drain region at a lower concentration than the first 
concentration, and the second semiconductor layer which 
overlaps the second-layer gate electrode of the second gate 
electrode but does not overlap the first-layer gate electrode of 
the second gate electrode is added with the same impurity 
element as that of the Source region and the drain region at a 
lower concentration than the first concentration. 
0030. According to another aspect of the invention, in a 
transistor having the above-described structure, when the 
width means the length in a direction perpendicular to a 
direction of flowing carriers through channels of the first 
transistor and the second transistor in a plane parallel to a 
surface of the substrate, the width of the first semiconductor 
layer which overlaps the first gate electrode is equal to the 
width of the second semiconductor layer which overlaps the 
second gate electrode. 
0031. According to another aspect of the invention, a tran 
sistor having the above-described structure is provided which 
comprises a first transistor having a semiconductor layer, a 
gate insulating film and a first gate electrode and a second 
transistor having the semiconductor layer, the gate insulating 
film and a second gate electrode. In addition, the first gate 
electrode and the second gate electrode are electrically con 
nected to each other, each of the first gate electrode and the 
second gate electrode comprises a first-layer gate electrode 
and a second-layer gate electrode. Additionally, a drain region 
of the first transistor and a drain region of the second transis 
tor are electrically connected to each other, a source region of 
the first transistor and a source region of the second transistor 
are electrically connected to each other, and current flows 
through channels in the first transistor and the second transis 
tor in opposite directions to each other. 
0032. According to another aspect of the invention, a tran 
sistor having the above-described structure has the source 
region and the drain region added with an n-type or a p-type 
impurity element at a first concentration. 
0033 According to another aspect of the invention, a tran 
sistor having the above-described structure has the semicon 
ductor layer which overlaps the second-layer gate electrode 
of the first gate electrode but does not overlap the first-layer 
gate electrode of the first gate electrode is added with the 
same impurity element as that of the Source region and the 
drain region at a lower concentration than the first concentra 
tion, and the semiconductor layer which overlaps the second 
layer gate electrode of the second gate electrode but does not 
overlap the first-layer gate electrode of the second gate elec 
trode is added with the same impurity element as that of the 
Source region and the drain region at a lower concentration 
than the first concentration. 
0034. According to another aspect of the invention, in a 
transistor having the above-described structure, when the 
width means the length in a direction perpendicular to a 
direction of flowing carriers through channels of the first 
transistor and the second transistor in a plane parallel to a 
surface of the substrate, the width of the semiconductor layer 
which overlaps the first gate electrode is equal to the width of 
the semiconductor layer which overlaps the second gate elec 
trode. 

0035. A method for forming a thin film transistor accord 
ing to one aspect of the invention comprises the steps of 
forming a plurality of semiconductor layers over a substrate 
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So as to be parallel each other, forming a gate insulating film 
So as to cover the plurality of semiconductor layers, forming 
first-layer gate electrodes which are electrically connected 
correspondingly to the plurality of semiconductor layers, 
adding a p-type oran n-type impurity at a first concentration 
to the plurality of semiconductor layers by using the first 
layer gate electrodes as masks, activating the impurity added 
to the plurality of semiconductor layers by heat treatment, 
forming respective second-layer gate electrodes correspond 
ingly to the plurality of first-layer gate electrodes so as to 
cover the plurality of semiconductor layers partially and the 
first-layer gate electrodes, adding the impurity added to the 
plurality of semiconductor layers by using the second-layer 
gate electrodes as masks So that a source region and a drain 
region are formed in each of the plurality of semiconductor 
layers to which the impurity is added at a higher concentration 
than the first concentration, forming an interlayer insulating 
film So as to cover the plurality of semiconductor layers, the 
second-layer gate electrodes and the gate insulating film, 
forming contact holes in the interlayer insulating film to reach 
each of the source regions and the drain regions, forming a 
conductive film over the interlayer insulating film, and per 
forming patterning and etching to form a wiring, a source 
electrode which are electrically connected between the 
Source regions of the plurality of semiconductor layers each 
other through the contact holes, and a drain electrode which 
are electrically connected between the drain regions of the 
plurality of semiconductor layers through the contact holes. 
In addition, the source regions and the drain regions of the 
plurality of semiconductor layers are arranged so as to be a 
first arrangement in which one of the source region is dis 
posed on the right side of the second-layer gate electrode or a 
second arrangement in which one of the Source region is 
disposed on the left side of the second-layer gate electrode, 
and the first arrangement and the second arrangement are 
equal in number in the plurality of semiconductor layers. 
Additionally, a portion of the semiconductor layer which 
overlaps the second-layer gate electrode has the same shape 
among the plurality of semiconductor layers. 
0036. A method for forming a thin film transistor accord 
ing to the invention comprises the steps of forming a semi 
conductor layer over a Substrate, forming a gate insulating 
film So as to cover the semiconductor layer, forming a plural 
ity of first-layer gate electrodes which are electrically con 
nected to each other on the semiconductor layer, adding a 
p-type or an n-type impurity at a first concentration to the 
plurality of semiconductor layer by using the first-layer gate 
electrodes as masks, activating the impurity added to the 
semiconductor layer by heat treatment, forming respective 
second-layer gate electrodes correspondingly to the plurality 
of first-layer gate electrodes so as to cover the semiconductor 
layer partially and the first-layer gate electrodes, adding the 
impurity added to the semiconductor layer by using the sec 
ond-layer gate electrodes as masks So that a source region and 
a drain region are formed in the semiconductor layer to which 
the impurity is added at a higher concentration than the first 
concentration, forming an interlayer insulating film So as to 
cover the semiconductor layer, the second-layer gate elec 
trodes and the gate insulating film, forming contact holes in 
the interlayer insulating film to reach each of the Source 
regions and the drain regions, forming a conductive film over 
the interlayer insulating film so as to fill the contact holes, and 
performing patterning and etching the conductive film to 
form a wiring, a source electrode for connecting electrically 
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to the Source regions each other, and a drain electrode for 
connecting electrically to the drain regions each other. In 
addition, the source regions and the drain regions of the 
semiconductor layer are arranged so as to be a first arrange 
ment in which one of the source regions is located on the right 
side of the second-layer gate electrode or a second arrange 
ment in which one of the source region is located on the left 
side of the second-layer gate electrode, and the first arrange 
ment and the second arrangement are equal in number in the 
semiconductor layer. Additionally, a portion of the semicon 
ductor layer which overlaps the second-layer gate electrode 
has the same shape in the semiconductor layer. 
0037. A method for forming a thin film transistor accord 
ing to the invention comprises the steps of forming a first 
semiconductor layer and a second semiconductor layer overa 
Substrate, forming a gate insulating film so as to cover the first 
semiconductor layer and the second semiconductor layer, 
forming a first first-layer gate electrode to overlap the first 
semiconductor layer and a second first-layer gate electrode to 
overlap the second semiconductor layer over the gate insulat 
ing film, adding a p-type or an n-type impurity at a first 
concentration to the first semiconductor layer and the second 
semiconductor layer by using the first-layer gate electrodes as 
masks, activating the impurity added to the first semiconduc 
tor layer and the second semiconductor layer by heat treat 
ment, forming a first second-layer gate electrode correspond 
ingly to the first first-layer gate electrode so as to cover the 
first semiconductor layer partially and the first first-layer gate 
electrode, forming a second second-layer gate electrode cor 
respondingly to the second first-layer gate electrode so as to 
cover the second semiconductor layer partially and the sec 
ond first-layer gate electrode, adding the impurity added to 
the semiconductor layer by using the second-layer gate elec 
trode as a mask so that source regions and drain regions are 
formed in the first semiconductor layer and the second semi 
conductor layer to which the impurity is added at a higher 
concentration than the first concentration, forming an inter 
layer insulating film so as to cover the first semiconductor 
layer, second semiconductor layer, the first second-layer gate 
electrode, and second second-layer gate electrode, forming 
contact holes in the interlayer insulating film to reach each of 
the source regions and the drain regions, forming a conduc 
tive film over the interlayer insulating film so as to fill the 
contact holes, and performing patterning and etching the con 
ductive film to form a wiring, a source electrode for connect 
ing electrically to the source regions each other, and a drain 
electrode for connecting electrically to the drain regions each 
other. In addition, when the gate electrode is regarded as the 
middle, the source regions and the drain regions of the first 
semiconductor layer are arranged oppositely to the Source 
regions and the drain regions of the second semiconductor 
layer. Additionally, the first first-layer gate electrode and the 
second first-layer gate electrode are electrically connected to 
each other, and a portion of the semiconductor layer which 
overlaps the second-layer gate electrode has the same shape 
between the first semiconductor layer and the second semi 
conductor layer 
0038. The invention may suppress a variation in parasitic 
capacitance of a transistor due to heat shrinkofa Substrate and 
misalignment of a mask. 
0039. According to another aspect of the invention, a tran 
sistor comprises a first semiconductor island, a second semi 
conductor island, a first gate electrode over the first semicon 
ductor island interposed an insulating film therebetween, and 
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a second gate electrode over the second semiconductor island 
interposed the insulating film therebetween. In addition, the 
first semiconductor island comprises a first source region, a 
first drain region, a first channel region between the first 
Source region and the first drain region, and the second semi 
conductor island comprises a second source region, a second 
drain region, a second channel region between the second 
Source region and the second drain region. Additionally, the 
first source region and the second source region are electri 
cally connected to each other, the first drain region and the 
second drain region are electrically connected to each other, 
and a first current flow direction through the first channel 
region of the first semiconductorisland is opposite to a second 
current flow direction through the second channel region of 
the second semiconductor island. Further, each of the first 
gate electrode and the second gate electrode may comprise a 
first layer and a second layer. 
0040. According to another aspect of the invention, a tran 
sistor comprises a semiconductor layer, a first gate electrode 
over the semiconductor layer interposed an insulating film 
therebetween, and a second gate electrode over the semicon 
ductor layer interposed the insulating film therebetween. In 
addition, the semiconductor layer comprises a first Source 
region, a second source region, a drain region, a first channel 
region between the first source region and the drain region, 
and a second channel region between the second source 
region and the drain region. Additionally, the first source 
region and the second source region are electrically con 
nected to each other, and a first current flow direction through 
the first channel region of the semiconductor layer is opposite 
to a second current flow direction through the second channel 
region of the semiconductor layer. Further, each of the first 
gate electrode and the second gate electrode may comprise a 
first layer and a second layer. 
0041 According to another aspect of the invention, a tran 
sistor comprises a plurality of first semiconductor islands, a 
plurality of second semiconductor islands, an insulating film, 
and a gate electrode having a first layer and a second layer. In 
addition, each of the first semiconductor islands comprises a 
first source region, a first drain region, a first channel region 
between the first source region and the first drain region. 
Additionally, each of the second semiconductor island com 
prises a second source region, a second drain region, a second 
channel region between the second source region and the 
second drain region, and each of the first source region of the 
plurality of first semiconductor islands and each of the second 
Source region of the plurality of second semiconductor 
islands are electrically connected to each other. Moreover, 
each of the first drain region of the plurality of first semicon 
ductor islands and each of the second drain region of the 
plurality of second semiconductor islands are electrically 
connected to each other. Furthermore, a first current flow 
direction through the first channel regions of the respective 
first semiconductor islands is opposite to a second current 
flow direction through the second channel regions of the 
respective second semiconductor islands. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042 FIGS. 1A and 1B are diagrams illustrating a semi 
conductor device according to the invention. 
0043 FIGS. 2A and 2B are diagrams each illustrating a 
semiconductor device according to the invention. 
0044 FIGS. 3A and 3B are diagrams illustrating a semi 
conductor device according to the invention. 
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0045 FIG. 4 is a diagram illustrating a semiconductor 
device according to the invention. 
0046 FIG. 5 is a diagram describing an example of a 
semiconductor device according to the invention. 
0047 FIGS. 6A to 6C are diagrams illustrating a manu 
facturing process of a semiconductor device according to the 
invention. 

0048 FIGS. 7A to 7D are diagrams illustrating a manu 
facturing process of a semiconductor device according to the 
invention. 

0049 FIGS. 8A to 8C are diagrams illustrating a manu 
facturing process of a semiconductor device according to the 
invention. 

0050 FIGS. 9A to 9C are diagrams illustrating a manu 
facturing process of a semiconductor device according to the 
invention. 

0051 FIGS. 10A to 10C are diagrams illustrating a manu 
facturing process of a semiconductor device according to the 
invention. 

0052 FIG. 11 is a top plan diagram of a semiconductor 
device according to the invention. 
0053 FIG. 12 is a cross sectional diagram of a liquid 
crystal display device manufactured using a semiconductor 
device according to the invention. 
0054 FIG. 13 is a cross sectional diagram of a light 
emitting display device manufactured using a semiconductor 
device according to the invention. 
0055 FIG. 14 is a cross sectional diagram of a light 
emitting display device manufactured using a semiconductor 
device according to the invention. 
0056 FIGS. 15A to 15C are diagrams each showing a 
structure and a light-emitting direction of a light-emitting 
device. 

0057 FIGS. 16A and 16B are diagrams each illustrating 
an element structure of a light-emitting element. 
0058 FIGS. 17A to 17F are diagrams each illustrating a 
pixel circuit of a light-emitting device. 
0059 FIG. 18 is a diagram illustrating a protective circuit 
of a light-emitting device. 
0060 FIGS. 19A to 19E each illustrates an electronic 
device applicable to the invention. 
0061 FIGS. 20A to 20O are diagrams each illustrating a 
semiconductor device of related art. 

0062 FIG. 21 is a top plan picture of a semiconductor 
device according to the invention. 
0063 FIG. 22 is a top plan picture of a semiconductor 
device according to the invention. 
0064 FIG. 23 is a diagram illustrating a semiconductor 
device according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0065. Although the invention will be described by way of 
Embodiment Modes and with reference to the accompanying 
drawings, it is to be understood that various changes and 
modifications will be apparent to those skilled in the art. 
Therefore, unless such changes and modifications depart 
from the scope of the invention, they should be construed as 
being included therein. 
0066. Description will be made on a thin film transistor, 
however, the invention can be applied to another transistor as 
well as the thin film transistor. 
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Embodiment Mode 1 

0067. An embodiment mode of the invention is described 
with reference to FIGS. 1A and 1B. FIG. 1A is a top plan 
diagram of a semiconductor device according to the inven 
tion, which comprises a semiconductor layer 101a, a semi 
conductor layer 101b, a gate electrode 102, a source electrode 
and wiring 103, and a drain electrode and wiring 104. FIG. 1B 
is a cross sectional diagram of FIG. 1A along a line of A-B, 
which comprises a substrate 110, a base insulating film 111, 
a gate insulating film 112, and an interlayer insulating film 
113. The gate electrode 102 is structured by a first-layer gate 
electrode 102a and a second-layer gate electrode 102b. 
0068. The semiconductor layer 101a and the semiconduc 
tor layer 101b are doped with the same impurity of either an 
n-type or a p-type, which comprise high concentration impu 
rity regions 114 to 117 where the impurity is doped at a high 
concentration, low concentration impurity regions 118 to 121 
where the impurity is doped at a low concentration, and 
channel regions 122 and 123. The gate electrode 102 overlaps 
the semiconductor layers 101a and 101b respectively with the 
gate insulating film 112 interposed therebetween such that the 
first-layer gate electrode 102a overlaps the channel regions 
122 and 123 respectively. The second-layer gate electrode 
102b covers the first-layer gate electrode 102a, and at least 
partially overlaps the low concentration impurity regions 118 
to 121 respectively. That is, the low concentration impurity 
regions 118 to 121 overlap the second-layer gate electrode 
102b with the gate insulating film 112 interposed therebe 
tween respectively. 
0069. A wiring 103 and a wiring 104 are formed over the 
interlayer insulating film 113 and electrically connected to 
the high concentration impurity regions 114 to 117 through a 
source electrode 103 or a drain electrode 104 respectively 
both of which are formed at opening portions of the interlayer 
insulating film 113 to reach the high concentration impurity 
regions 114 to 117. Note that source electrodes 103a and 
103b are connected to the wiring 103 and the high concen 
tration impurity regions (source regions) 115 and 116 respec 
tively, while drain electrodes 104a and 104b are connected to 
the wiring 104 and the high concentration impurity regions 
(drain regions) 114 and 117 respectively. 
0070 That is, the two thin film transistors are electrically 
connected between the source regions, between the drain 
regions, and between the gate electrodes. Both of the two thin 
film transistors are input from a first wiring and output to a 
second wiring, and the gate electrodes are electrically con 
nected to each other. 

0071. According to the above-described structure, a thin 
film transistor 105a is formed using the semiconductor layer 
101 a whereas a thin film transistor 105b is formed using the 
semiconductor layer 101b, and when a direction of flowing 
current means a direction of length whereas a direction per 
pendicular to the direction of length in a plane parallel to a 
surface of the substrate means a direction of width, the chan 
nel regions 122 and 123 are equal to each other in the width 
and length, and the low concentration impurity regions 118 to 
121 are equal to each other in the width. In addition, the 
semiconductor layers 101a and 101b are arranged parallelly 
in the direction of length. Note that as for a direction of length 
and a direction of width, the above definition is adopted in this 
invention. 

(0072. In the thin film transistors 105a and 105b, respective 
Source regions, drain regions, source electrodes, and drain 
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electrodes are arranged Such that current flows through the 
thin film transistors 105a and 105b in parallel and opposite 
directions to each other. 
0073. Described above is a thin film transistor according to 
the invention. A thin film transistor 105 of the invention 
includes the thin film transistor 105a and the thin film tran 
sistor 105b. The thin film transistor 105 has nearly the same 
property as a thin film transistor of the related art like shown 
in FIG. 20A (though the width of a channel region 218 of a 
thin film transistor 205 in FIG. 20A is twice the width of the 
channel region 122 of the thin film transistor 105a or the 
channel region 123 of the thin film transistor 105b in FIGS. 
1A and 1B, or equal to the total of the width of them. 
0074 The conventional thin film transistor 205 in FIGS. 
20A to 200 comprises a semiconductor layer 201, a gate 
electrode 202 (a first-layer gate electrode 202a and a second 
layer gate electrode 202b), a wiring and source electrode 203, 
a wiring and drain electrode 204, a substrate 210, a base 
insulating film 211, a gate insulating film 212, an interlayer 
insulating film 213, high concentration impurity regions 214 
and 215, low concentration impurity regions 216 and 217, and 
a channel region 218. 
0075 Now, in the thin film transistor formed as shown in 
FIGS. 1A and 1B, or FIGS. 20A to 20O, parasitic capacitance 
is formed by the low concentration impurity region and the 
gate electrode. When the second-layer gate electrode 202b of 
the thin film transistor of the related art as shown in FIG. 20A 
is formed while being deviated in the direction of length of the 
Semiconductor layer due to Some reason (e.g., mask misalign 
ment, distortion, and Substrate shrinkage), the area occupied 
by 220 to 223 (Gate Overlapped Lightly doped Drain regions: 
GOLD regions) each where the low concentration impurity 
region and the second-layer gate electrode 202b are over 
lapped becomes different from the designed area. As the area 
where the low concentration impurity region and the second 
layer gate electrode 202b are overlapped becomes different, 
the parasitic capacitance is changed in value as well, thereby 
causing a problem in Such that a circuit using the thin film 
transistor becomes different in circuit load and has a narrower 
operation margin. 
0076. In the case of mask deviation due to heat shrink of a 
Substrate, in particular, the Substrate shrinks toward its center, 
thereby shrinking in different directions between at both ends 
of the Substrate. Consequently, parasitic capacitance on a 
drain side is considered to be large at one end of the substrate 
whereas small at the other end. Therefore, the parasitic 
capacitance of a thin film transistor may be varied in property 
between at both the ends of the substrate, though which is 
normally required to be the same. This phenomenon appears 
remarkably to be a problem particularly in a large Substrate 
and the like. Furthermore, in a source driver or a gate driver of 
a display device each of which is formed by repeating the 
same pattern, a circuit operation thereof largely varies 
between at both the ends of the substrate when the parasitic 
capacitance varies. 
0077 On the other hand, the thin film transistor 105 
(FIGS. 1A and 1B) of the invention is described. Here, it is 
assumed that the thin film transistor 105 according to the 
invention is formed with the second-layer gate electrode 102b 
deviated in the direction of length as is shown in FIGS. 20B 
and 20O (FIGS. 2A and 2B). 
0078. In FIG. 2A, the second-layer gate electrode 102b is 
deviated leftward from the normal position when is seen the 
drawing from the front. In the two thin film transistors 105a 
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and 105b which structure the thin film transistor 105 of the 
invention, a source region and a drain region are located 
oppositely between for the channel region 122 and for the 
channel region 123. Therefore, by the leftward deviation of 
the second-layer gate electrode 102b, the area of the second 
layer gate electrode 102b which overlaps a semiconductor 
layer on a drain side becomes larger in the thin film transistor 
105.a whereas the area becomes smaller in the thin film tran 
sistor 105b. 

0079. In addition, the thin film transistors 105a and 105b 
are arranged such that current flows through the respective 
channels in opposite directions to each other, and the width of 
the semiconductor layers 101a and 101b are equal to each 
other. Therefore, the area increase of the second-layer gate 
electrode 102b on the drain side in the thin film transistor 
105a is equal to the area decrease of the second-layer gate 
electrode 102b on the drain side in the thin film transistor 
105b. In addition, the capacitance varies in accordance with 
the area variation where the impurity region and the second 
layer gate electrode 102b are overlapped with each other. 
Therefore, the variation of the parasitic capacitance due to the 
GOLD region is 0 in the thin film transistor 105 of the inven 
tion which is structured by the two thin film transistors 105a 
and 105b. That is, the thin film transistor 105 according to the 
invention may be less affected by capacitance variation due to 
mask deviation. 

0080. In FIG. 2B, the second-layer gate electrode 102b is 
formed with positional deviation in a direction opposite to 
that in FIG. 2A (rightward when is seen the drawing from the 
front). The area of a GOLD region303 becomes smaller in the 
thin film transistor 105a whereas the area of a GOLD region 
304 becomes larger in the thin film transistor 105b here. In 
this case also, the total capacitance variation results in 0. 
Description thereof is the same as in FIG. 2A, and is thus 
omitted here. 

I0081. That is, the area increase of a GOLD region 301 in 
the thin film transistor 105a having the semiconductor layer 
101a as the active layer is equal to the area decrease of a 
GOLD region 302 in the thin film transistor 105b having the 
semiconductor layer 101b as the active layer, thereby the total 
variation is balanced out to be 0. The same applies to the 
capacitance on the Source side. In this manner, the thin film 
transistor according to the invention may be less affected by 
capacitance variation of the GOLD region that is caused by 
mask deviation due to mask misalignment, distortion, Sub 
strate shrinkage, and the like. Accordingly, parasitic capaci 
tance of the thin film transistor is less varied, and circuit load 
of a circuit formed using the thin film transistor may be less 
varied as well. 

I0082. Accordingly, a semiconductor element may be pro 
vided where the operation is not affected even when being 
formed over a substrate which is largely affected by heat 
shrink Such as a large Substrate. In addition, a thin film semi 
conductor circuit and a thin film semiconductor device may 
be provided each provided with the semiconductor element. 
I0083. In addition, a semiconductor element may be pro 
vided where the operation is not affected even if there is slight 
mask deviation. Furthermore, a thin film semiconductor cir 
cuit and a thin film semiconductor device may be provided 
each provided with the semiconductor element. 
I0084. In addition, it is preferable that the direction of 
length be set along the direction in which the same patterns 
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are aligned, in which case a circuit having few variations of 
circuit load may be formed by arranging the thin film transis 
tors of the invention. 
0085. Note that in this embodiment mode, two gate elec 
trodes are provided for one thin film transistor, however, more 
number of gate electrodes may be provided, and desirably an 
even number of gate electrodes are provided. At the same 
time, it is preferable that current flow through respective 
channels in semiconductor layers correspondingly to the gate 
electrodes in a first direction or a second direction opposite to 
the first direction, and the number of the channels for flowing 
current in the first direction be as close as possible to the 
number of the channels for flowing current in the second 
direction. That is, it is preferable that, as for the number of the 
channels for flowing current in the first direction and the 
number of the channels for flowing current in the second 
direction in a transistor, the respective numbers of the chan 
nels be different by one when an odd number of channels is 
formed or they be equal to each other when an even number of 
channels is formed. 
0.086 Note that deviation in the direction of width does not 
affect much in the case of Such slight mask deviation as to be 
Supposed in the invention, because a margin for deviation in 
the direction of width is larger than that for deviation in the 
direction of length. 

Embodiment Mode 2 

0087 An embodiment mode of a transistor according to 
the invention which differs from Embodiment Mode 1 is 
described with reference to FIGS. 3A and 3B. FIG.3A is atop 
plan diagram of a thin film transistor 405 according to the 
invention, which comprises a semiconductor layer 401, a gate 
electrode 402, a drain electrode and wiring (including a drain 
electrode 403a) 403, and a source electrode and wiring (in 
cluding source electrodes 404a and 404b) 404. The thin film 
transistor 405 is structured by a thin film transistor 405a 
comprising the source electrode 404a and the drain electrode 
403a, and a thin film transistor 405b comprising the source 
electrode 404b and the drain electrode 403a. 
I0088 FIG. 3B is a cross sectional diagram of FIG. 3A 
along a line of A-B, which comprises a first-layer gate elec 
trode 402a, a second-layer gate electrode 402b, a substrate 
410, a base insulating film 411, a gate insulating film 412, an 
interlayer insulating film 413, high concentration impurity 
regions 414 to 416, low concentration impurity regions 417 to 
420, and channel regions 421 and 422. The gate electrode is 
structured by the first-layer gate electrode 402a and the sec 
ond-layer gate electrode 402b. In addition, the width of 
respective gate electrodes which overlap the semiconductor 
layer 401 is overlapped is equal to each other between in the 
thin film transistor 405a and in the thin film transistor 405b. 
Other reference numerals in FIG. 3B are identical to those in 
FIG. 3A, thus description thereof is omitted here. 
0089. In the thin film transistor 405 in this embodiment 
mode, the semiconductor layer 401 corresponds to the semi 
conductor layers 101a and 101b in Embodiment Mode 1, 
while the thin film transistors 405a and 405b correspond to 
the thin film transistors 105a and 105b. The thin film transis 
tor 405 in this embodiment mode is provided with the semi 
conductor layer 401 in continuity, that is different from the 
thin film transistor 105 in FIGS 1A and 1B. Current flows 
through the thin film transistors 405a and 405b which struc 
ture the thin film transistor 405 in parallel and opposite direc 
tions to each other. 
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0090 Therefore, even if the second-layer gate electrode 
402b is formed with positional deviation due to some reason, 
the area variation of the second-layer gate electrode 402b on 
the drain side in the thin film transistor 405a is equal to the 
area variation of the second-layer gate electrode 402b on the 
source side in the thin film transistor 405b. The capacitance 
varies in accordance with the area variation where the impu 
rity region and the gate electrode are overlapped with each 
other. Therefore, the variation of the parasitic capacitance is 0 
in the thin film transistor 405 of the invention which is struc 
tured by the two thin film transistors 405a and 405b. That is, 
the thin film transistor 405 according to this embodiment 
mode has substantially the same structure as the thin film 
transistor 105 described in Embodiment Mode 1, which may 
be less affected by capacitance variation due to mask devia 
tion. 

0091 FIG. 4 is different from that described in Embodi 
ment Mode 1 in appearance, though, which comprises semi 
conductor layers 501a and 501b, a first-layer gate electrode 
502a, a second-layer gate electrode 502b, a drain electrode 
and wiring 503, and a source electrode and wiring 504 for 
jointly forming a thin film transistor 505. A gate electrode is 
structured by the first-layer gate electrode 502a and the sec 
ond-layer gate electrode 502b. The thin film transistor 505 
has the same structure as that described in Embodiment Mode 
1, provided that drain electrodes 503 are connected to the 
common wiring, the gate electrode is structured by two lay 
ers, and a channel region is formed where both of the first 
layer gate electrode 502a and the second-layer gate electrode 
502b overlap, a low concentration impurity region is formed 
where only the second-layer gate electrode 502b overlaps, 
and the rest of the region is a high concentration impurity 
region respectively in the semiconductor layers 501a and 
501b. In this manner, even if the layout seems different, the 
structure of the invention may be applied and a similar effect 
can be obtained. 
0092. Accordingly, a semiconductor element may be pro 
vided where the operation is not affected even when being 
formed over a substrate which is largely affected by heat 
shrink Such as a large Substrate. In addition, a thin film semi 
conductor circuit and a thin film semiconductor device may 
be provided each provided with the semiconductor element. 
0093. In addition, a semiconductor element may be pro 
vided where the operation is not affected even if there is slight 
mask deviation. Furthermore, a thin film semiconductor cir 
cuit and a thin film semiconductor device may be provided 
each provided with the semiconductor element. 
0094. In addition, it is preferable that the direction of 
length be set along the direction in which the same patterns 
are aligned, in which case a circuit having few variations of 
circuit load can be formed by arranging the thin film transis 
tors of the invention. 

0095. Note that in this embodiment mode, two gate elec 
trodes are provided for one thin film transistor, however, more 
number of gate electrodes may be provided, and desirably an 
even number of gate electrodes are provided. At the same 
time, it is preferable that current flow through respective 
channels in semiconductor layers correspondingly to the gate 
electrodes in a first direction or a second direction opposite to 
the first direction, and the number of the channels for flowing 
current in the first direction be as close as possible to the 
number of the channels for flowing current in the second 
direction. That is, it is preferable that, as for the number of the 
channels for flowing current in the first direction and the 
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number of the channels for flowing current in the second 
direction in a transistor, the respective numbers of the chan 
nels be different by one when an odd number of channels is 
formed or they be equal to each other when an even number of 
channels is formed. 

Embodiment Mode 3 

0096. An embodiment mode of a transistor according to 
the invention which differs from Embodiment Mode 1 and 
Embodiment Mode 2 is described with reference to FIG. 23. 
FIG. 23 is a top plan diagram of a transistor 151 according to 
the invention, which comprises semiconductor layers 150a, 
150b and 150c, a gate electrode 152 (structured by a first 
layer gate electrode 152a and a second-layer gate electrode 
152b), a drain electrode and wiring 154, and a source elec 
trode and wiring 153. The transistor 151 is structured by a 
transistor comprising the semiconductor layer 150a, a tran 
sistor comprising the semiconductor layer 150b, and a tran 
sistor comprising the semiconductor layer 150c. 
0097. In the semiconductor layers 150a to 150c respec 

tively, a region which overlaps the first-layer gate electrode 
152a is substantially added with neitheran n-type nor a p-type 
impurity, a region which overlaps only the second-layer gate 
electrode 152b is added with the impurity at a low concentra 
tion, and the rest of the region is added with the impurity at a 
high concentration. 
0098. The common source electrode and wiring 153, and 
the common drain electrode and wiring 154 are connected to 
these three transistors respectively through contact holes, and 
when current flows through the transistor comprising the 
semiconductor layer 150a in a first direction, current flows 
through the transistor comprising the semiconductor layer 
150b in a second direction that is parallel and opposite to the 
first direction, and current flows through the transistor com 
prising the semiconductor layer 150c in the first direction. 
The total width of a width 159a of the semiconductor layer 
150a where the gate electrode 152 is overlapped and a width 
159c of the semiconductor layer 150c where the gate elec 
trode 152 is overlapped is equal to a width 159b of the semi 
conductor layer 150b where the gate electrode 152 is over 
lapped. 
0099. Accordingly, even if the second-layer gate electrode 
152b is formed with positional deviation in the direction of 
length due to Some reason, the total increase (decrease) of the 
area of the semiconductor layer 150a which overlaps only the 
second-layer gate electrode 152b on the drain side in the 
transistor comprising the semiconductor layer 150a and the 
area of the semiconductor layer 150c which overlaps only the 
second-layer gate electrode 152b on the drain side in the 
transistor comprising the semiconductor layer 150c is equal 
to the area decrease (increase) of the second-layer gate elec 
trode 152b on the drain side in the transistor comprising the 
semiconductor layer 150b. The capacitance varies in accor 
dance with the area variation where the impurity region and 
the gate electrode are overlapped with each other. Therefore, 
the variation of the parasitic capacitance is 0 in the thin film 
transistor 151 of the invention which is structured by the three 
transistors. That is, the thin film transistor 151 according to 
this embodiment mode has substantially the same structure as 
the thin film transistor 105 described in Embodiment Mode 1, 
which may be less affected by capacitance variation due to 
mask deviation. 
0100. Accordingly, a semiconductor element may be pro 
vided where the operation is not affected even when being 
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formed over a substrate which is largely affected by heat 
shrink Such as a large Substrate. In addition, a thin film semi 
conductor circuit and a thin film semiconductor device may 
be provided each provided with the semiconductor element. 
0101. In addition, a semiconductor element may be pro 
vided where the operation is not affected even if there is slight 
mask deviation. Furthermore, a thin film semiconductor cir 
cuit and a thin film semiconductor device may be provided 
each provided with the semiconductor element. 
0102. In addition, it is preferable that the direction of 
length be set along the direction in which the same patterns 
are aligned, in which case a circuit having few variations of 
circuit load can be formed by arranging the thin film transis 
tors of the invention. 
(0103) Note that in this embodiment mode, the transistor 
151 according to the invention is structured by three transis 
tors, however, the invention is not limited to this and the 
number of transistors for structuring the transistor of the 
invention is not restricted, as long as the transistors are elec 
trically connected between the source regions, between the 
drain regions and between the gate electrodes, and the width 
of the semiconductor layer which overlaps the gate electrode 
in the transistor through which channel current flows in the 
first direction is equal in total to the width of the semiconduc 
tor layer which overlaps the gate electrode is overlapped in 
the transistor through which channel current flows in the 
second direction that is parallel and opposite to the first direc 
tion. 

Embodiment 1 

0104. This embodiment describes an inverter circuit 
employing a bootstrap method as an example using the thin 
film transistor according to the invention. Three transistors 
are denoted by Tr1, Tr2 and Tr3 respectively, a capacitor is 
denoted by C1, and parasitic capacitance due to a gate elec 
trode of Tr2 is denoted by C2. 
0105. An equivalent circuit of the inverter circuit employ 
ing a bootstrap method is shown in FIG. 5, and an operation 
thereof is described below. It is assumed that VDD=16 V. 
VSS=0 V, and a threshold of each of the transistors Vth=3 V 
here. When IN1 is input with 16 V and IN2 is input with 0 V. 
Tr1 is turned ON and a potential at a point A is charged up to 
a voltage that is equal to the input Voltage dropped by the 
threshold of Tr1 (16V-3 V=13 V in this embodiment). When 
the potential at the point Areaches 13 V, the Tr1 is turned OFF 
and the point A becomes the floating state. 
0106 Meanwhile, when the point A is charged to exceed 
the threshold of Tr2 (3 V), Tr2 is turned ON, and then a 
Voltage at a point B is increased as well as an output Voltage. 
After the point Abecomes the floating state, when the voltage 
at the point B is increased, the Voltage at the point A is 
increased due to the capacitance coupling, and a gate Voltage 
of Tr2 is increased as well. When the gate voltage of Tr2 
exceeds 19 V (16 V+3 V), an output voltage of Tr2 is 16 V 
which is equal to an input Voltage of Tr2. A Voltage increase 

at the point A in the floating state is expressed by the 
following formula, when a Voltage increase at the point B is 
denoted by B DVx C1/(C1+C2). That is, the 
parasitic capacitance due to the gate electrode of the thin film 
transistor affects the circuit operation. 
0107. In the circuit as described above, if the parasitic 
capacitance due to the gate electrode of the thin film transistor 
Tr2 is varied due to some reason (e.g., Substrate shrinkage and 
mask deviation due to misalignment or distortion), the opera 
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tion is affected. Therefore, an operation margin is required to 
be set in consideration of this. 
0108. However, by using the thin film transistor of the 
invention for at least Tr2 in the circuit, a variation in parasitic 
capacitance between the gate electrode and the low concen 
tration impurity region may be Suppressed even if there is 
slight mask deviation. Accordingly, a circuit which is less 
affected by mask deviation may be formed. 
0109. In the case of mask deviation due to heat shrink of a 
substrate which is caused by heat treatment and the like, in 
particular, the substrate shrinks toward its center, thereby 
deviating in different directions depending on the position. 
When the mask is deviated in various directions, the parasitic 
capacitance is Small at Some position whereas it is large at 
another position, thereby the operation is more largely 
affected. However, the circuit formed using the thin film 
transistor of the invention, which may be less affected by this, 
has a great advantage in securing an operation margin. In this 
case, when the direction of length of Tr2 which brings a 
problem by the variation of the parasitic capacitance is set 
along the direction in which large variations caused by the 
Substrate shrinkage are recognized (that is the direction in 
which the same patterns are aligned toward a direction of 
shrinking the Substrate), a circuit having few variations of 
circuit load may be formed. 
0110. Accordingly, a thin film semiconductor circuit and a 
thin film semiconductor device can be provided whose semi 
conductor element operates without being affected even 
when being formed over a substrate which is largely affected 
by heat shrink Such as a large Substrate. 
0111. In addition, a thin film semiconductor circuit and a 
thin film semiconductor device can be provided where the 
operation is not affected even if there is slight mask deviation. 
0112 This embodiment can be implemented in combina 
tion with Embodiment Modes 1 to 3. 

Embodiment 2 

0113. A forming method of a thin film transistor according 
to the invention is described using FIGS. 6A to 9C. 
0114 First, a base insulating film 11 is formed over a 
substrate 10. Then, an amorphous silicon film is formed, 
which is irradiated with laser to be a crystalline silicon film 
12. 

0115 For the substrate 10, an insulating substrate such as 
a glass Substrate, a quartz. Substrate and a crystalline glass, a 
ceramic Substrate, a stainless Substrate, a metal Substrate 
(e.g., tantalum, tungsten, and molybdenum), a semiconductor 
Substrate, a plastic Substrate (e.g., polyimide, acrylic, poly 
ethylene terephthalate, polycarbonate, polyarylate, and poly 
ether Sulfone), or the like can be employed as long as it can 
withstand at least the heat generated during the process. The 
substrate may be polished by CMP or the like as required in 
advance. A glass Substrate is employed in this embodiment 
mode. 

0116. The base insulating film 11 is provided in order to 
prevent an alkali metal or an alkaline earth metal in the 
substrate 10 from diffusing in the crystalline silicon film. This 
is because these elements adversely affect the semiconductor 
property of the crystalline silicon film. The base insulating 
film 11 can be formed with a single-layer structure or a 
laminated Structure by employing silicon oxide, silicon 
nitride, silicon oxynitride, silicon nitride oxide, or the like. 
Note that the base insulating film 11 is not necessarily pro 
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vided in the case of using the substrate which is free of the 
dispersion of an alkali metal, an alkaline earth metal, or the 
like. 
0117. In this embodiment, the base insulating film 11 is 
formed with a laminated structure in which a silicon nitride 
oxide film is formed at a thickness of 50 nm as a first-layer 
insulating film and a silicon oxynitride film is formed at a 
thickness of 100 nm as a second-layer insulating film. Note 
that the difference between a silicon nitride oxide film and a 
silicon oxynitride film is the difference in composition ratio 
of nitride to oxide. The former indicates that the content of 
nitrogen is larger than the latter. Both of them can be formed 
by plasma CVD. 
0118. Subsequently, the amorphous silicon film is formed 
at a thickness of 25 to 100 nm (preferably, at a thickness of 30 
to 60 nm) over the base insulating film. As the forming 
method, a known method such as Sputtering, low pressure 
CVD, and plasma CVD can be adopted. In this embodiment, 
the amorphous silicon film is formed at a thickness of 50 nm 
by plasma CVD. Subsequently, dehydrogenation is per 
formed by heat treatment for 1 hour at a temperature of 500° 
C 
0119 Then, the amorphous silicon film is crystallized to 
form the crystalline silicon film 12 by using a laser irradiation 
apparatus. For the laser crystallization in this embodiment, 
laser beam oscillated by an excimer laser is formed into a 
rectangular beam spot by using an optical system to irradiate 
to the semiconductor film. 
0120 Alternatively, as the crystallization method, heat 
treatment can be adopted using an element for promoting the 
crystallization thereof. An element for promoting crystalliza 
tion, which is typified by nickel, enables crystallization to be 
performed at low temperature in short time as compared with 
the crystallization without using Such an element. Therefore, 
this method can be preferably adopted in the case where the 
Substrate is relatively weak of heat Such as a glass Substrate. 
The element for promoting crystallization includes iron, pal 
ladium, tin, lead, cobalt, platinum, copper, and gold as well as 
nickel. One or more elements selected from them can be 
employed. In addition, after this, the substrate may be irradi 
ated with laser and the like in order to improve the crystallin 
ity. 
I0121 Alternatively, it is possible that a microcrystalline 
semiconductor film is formed by plasma CVD or the like and 
then crystallized by a laser so as to be employed as the 
crystalline semiconductor film. 
0.122 Subsequently, so-called channel doping is per 
formed by doping a slight amount of impurities for control 
ling the threshold to the crystalline silicon film 12 as required. 
In order to obtain the appropriate threshold, boron, phospho 
rous, or the like is added by ion doping or the like. 
I0123. Then, 12 is patterned into predetermined shapes to 
obtain island-shape crystalline silicon films 13a to 13c as 
shown in FIG. 6B. The patterning is performed by coating a 
photo resist over the crystalline silicon film 12; exposing to be 
the predetermined mask shape and baking it to form a mask 
over the crystalline semiconductor film; and etching the crys 
talline silicon film 12 using the mask by dry etching. CFO, 
or the like is used as a gas in the dry etching. The semicon 
ductor layers 13a and 13b are semiconductor layers to be 
active layers of the thin film transistor of the invention which 
correspond to active layers 101a and 101b in FIG. 1B. A 
portion denoted by A-B in FIGS. 6A to 9C corresponds to a 
cross sectional diagram of FIGS. 1A and 1B along a line of 
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A-B. The thin film transistor formed in the portion A-B may 
have a structure described in Embodiment Mode 2. 

0124 Subsequently, a gate insulating film 14 is formed so 
as to cover the crystalline semiconductor films 13a to 13c. 
The gate insulating film is formed by using an insulating film 
containing silicon by plasma CVD or Sputteringata thickness 
of 40 to 150 nm. In this embodiment, the gate insulating film 
14 is formed by using a silicon oxide film by plasma CVD at 
a thickness of 100 nm. 

0.125 Subsequently, tantalum nitride (TaN) 15 is stacked 
at a thickness of 30 to 60 nm as a first conductive layer, and 
tungsten (W) 16 is stacked at a thickness of 200 to 400 nm as 
a second conductive layer over the gate insulating film in this 
order. In this embodiment, a TaN film at a thickness of 30 nm. 
and a W film at a thickness of 370 nm are formed. Both of the 
TaN film and the W film are formed by sputtering in such a 
way that the TaN film is formed by using Ta as a target in a 
nitrogen atmosphere whereas the W film is formed by using 
Was a target (FIG. 6C). 
0126. Subsequently, resist masks 17a to 17e are formed 
through exposure step by photolithography in order to form 
electrodes and wirings by etching the conductive layers. 
Then, as shown in FIG. 7A, first conductive films 18a to 18e 
and second conductive films 19a to 19e are etched to be taper 
shape while the resist masks 17a to 17e being recessed. 
0127. Then, as shown in FIG. 7B, an n-type impurity such 
as phosphorus is ion-doped at a high concentration to the 
semiconductor layers 13a to 13c by using the resist patterns 
17a to 17e and second conductive layers 19a to 19e as masks 
in order to form source and drain regions 20 to 25 and a 
capacitance electrode 26. The doping condition of phospho 
rus differs depending on the thickness of the gate insulating 
film 14 and the activation condition of the impurity. In this 
embodiment, the gate insulating film 14 is formed by using a 
siliconoxide film atathickness of 100 nm so that acceleration 
voltage is 40 kV and the dosage is 1x10" to 8x10" atoms/ 
cm 
0128 Subsequently, as shown in FIG.7C, only the second 
conductive layers 19a to 19e are selectively etched by using 
the resist patterns 17a to 17e as masks. The second conductive 
layers 19a to 19e are processed to expose the first conductive 
films 18a to 18e so as to be about 1 in length in the channel 
direction. 

0129. Then, as shown in FIG.7D, the first conductive films 
18a to 18e are etched by using the resist patterns 17a to 17e 
and the second conductive layers 19a to 19e as masks to 
remove the exposed portions of the first conductive films 18a 
to 18e so that first-layer gate electrodes 27a to 27e are formed 
by the first conductive films 18a to 18e and the second con 
ductive films 19a to 19e. 

0130. Subsequently, as shown in FIG. 8A, the resist pat 
terns 17a to 17e are removed. An n-type impurity such as 
phosphorus is ion-doped at a low concentration to the semi 
conductor layers 13a to 13c by using the first-layer gate 
electrodes 27a and 27.c to 27e as masks in order to form LDD 
regions (low concentration impurity regions) 28 to 35. 
Accordingly, respective channel regions 36 to 39 of the n-type 
thin film transistors are equal in size to the respective gate 
electrodes, and the LDD regions 28 to 35 are formed in a 
self-aligned manner correspondingly to the gate electrodes. 
The phosphorus is doped to a region for forming a capacitor 
as well. Note that the LDD region is formed at least on the 
drain region side. 
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I0131 Subsequently, heat treatment is applied at a tem 
perature of 550° C. Since the gate electrode is exposed, the 
heat treatment is preferably performed in an atmosphere con 
taining less oxygen in order to prevent the oxidation of the 
gate electrode. By this heat treatment, the impurity in the 
semiconductor layers is activated. Note that in the case of 
performing the crystallization using an element for promot 
ing crystallization, the element for promoting crystallization 
is introduced to the high concentration impurity region (the 
Source and drain regions), accordingly, gettering can be car 
ried out as well. 

I0132 Heat is applied in the activation treatment, therefore, 
Substrate shrinkage may occur. If the Substrate is shrunk at 
this stage, second-layer gate electrodes 43a to 43c to be 
formed Subsequently are deviated from the designed posi 
tions. This bring a variation of gate parasitic capacitance so 
that a property of the thin film transistor and an operation of 
a circuit employing the thin film transistor may be affected 
and a variation thereof may occur. In a driver of a display 
device which is formed by repeating the same pattern, in 
particular, the variation tends to be easily detected. In addi 
tion, the deviation occurs in the opposite directions between 
one end of the substrate and the other end due to heat shrink 
age, which becomes an even more significant influence. How 
ever, by using the thin film transistor of the invention as 
described in this embodiment, the influence can be sup 
pressed, which leads to the improvement of the display qual 
ity and the decrease of the defect. In addition, the second 
layer gate electrodes 43a to 43c may be formed with 
positional deviation due to Such a simple reason that align 
ment is deviated in etching a third conductive film 40 after the 
third conductive film 40 is formed. That influence can be 
alleviated as well by using the thin film transistor or the 
semiconductor device of the invention. In this case, when the 
direction of length is set along the direction in which large 
variations are caused by the Substrate shrinkage (that is a 
direction in which the same patterns are aligned toward a 
direction of shrinking the Substrate), a circuit having few 
variations of circuit load can be formed. 

I0133. In addition, in the case of a large substrate, heat 
shrink is largely affected, and an exposure may be performed 
a plurality of times for each portion (a consecutive exposure) 
in exposing the photo resist. In the case where a consecutive 
exposure is performed, in particular, the mask alignment is 
difficult to be adjusted, thus the thin film transistor or the 
semiconductor device of the invention may be advanta 
geously applied. 
0.134. After the heat treatment, the third conductive film 40 
is formed by using a low-resistance material over a whole 
surface including the gate electrodes as shown in FIG. 8B. In 
this embodiment, a step of activating impurity and the like is 
already terminated at this stage and no more high heat is 
applied in the subsequent steps, therefore the third conductive 
film 40 can be formed by using Al. 
0.135 Subsequently, a photo resist film is coated over the 
third conductive film 40 as shown in FIG. 8C, and exposed 
and developed to form resist patterns 41a to 41d over the third 
conductive film 40. Then, the third conductive film 40 is 
etched by using the resist patterns 41a to 41d as masks So that 
the second-layer gate electrodes 43a to 43c are formed over 
the gate electrodes 27a to 27c of thin film transistors in a 
driver circuit portion 42, and a second capacitance electrode 
44 is formed over the high concentration impurity diffusion 
layer 26, which is to be a capacitance electrode with the gate 
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insulating film 14 interposed therebetween. Before the sec 
ond-layer gate electrodes are formed, the Substrate is shrunk 
due to the heat treatment for crystallization. Furthermore, the 
second-layer gate electrodes 43a to 43c and the second 
capacitance electrode 44 may be formed respectively at a 
position different from the actually designed position due to 
mask misalignment or the like. However, by applying the 
invention, a variation of parasitic capacitance of the thin film 
transistor due to such an influence thereofmay be suppressed. 
0136. The third conductive film 40 may be formed by 
using Cu, Ag, or the like. Since such a metal is resistant to 
heat, the heat treatment Such as the activation may be per 
formed after the third conductive film 40 is formed. In this 
case, deviation of the second-layer gate electrodes 43a to 43c 
and the second capacitance electrode 44 due to heat shrink of 
the substrate does not occur while influence due to mask 
misalignment can be suppressed according to this invention. 
0.137 In this manner, the n-type thin film transistor in the 
driver circuit portion 42 can beformed with a gate-overlapped 
LDD structure while an n-type thin film transistor 46 in a 
pixel portion 45 can be formed with an LDD structure. The 
thin film transistor having the gate-overlapped LDD structure 
exhibits a high current driving performance and is highly 
resistant to hot carrier deterioration with a power source 
voltage of 10 to 20 V. Meanwhile, the thin film transistor 
having the LDD structure, which is formed at the same time 
here, is confirmed to be effective for suppression of off 
leakage current. That is, in a liquid crystal display device for 
displaying a pixel by storing a pixel signal in a capacitor, the 
thin film transistor with the LDD structure is preferably 
employed which is Superior in Suppression of off-leakage 
current as a Switching element of the pixel whereas the thin 
film transistor with the gate-overlapped LDD structure is 
preferably employed which is superior in current driving 
performance and is highly resistant to hot carrier deteriora 
tion in the driver circuit portion at the periphery. The same 
applies to the case of a light-emitting display device. 
0.138. The second-layer gate electrodes 43a to 43c are 
preferably formed by using a low-resistance metal material. A 
single layer of Al or an alloy of Al, or a laminated layer of Al 
as a main component is preferably employed as the low 
resistance metal material. 

0.139. In this embodiment, a forming method of a thin film 
transistor is described in which a gate electrode has a lami 
nated structure, however, the thin film transistor of the inven 
tion can be applied to another structure than this. For 
example, the invention can be applied to a thin film transistor 
in which a gate electrode has a single-layer structure formed 
by Such a manner that a photo resist mask is formed over a 
gate insulating film, doping for a high concentration impurity 
region and an LDD region is performed, the photo resist is 
removed, activation of the impurity is performed, and then the 
gate electrode is formed. In this structure, a disadvantage due 
to mask deviation in forming the gate electrode or due to 
Substrate shrinkage by heat treatment, or the like may be 
alleviated as well. 

0140. A capacitor 47 is structured by the second capaci 
tance electrode 44, the gate insulating film 14, and the capaci 
tance electrode 26. Stable capacitance can be obtained by 
structuring the capacitor 47 similarly as the thin film transis 
tor and forming the capacitance electrode 26 in the same layer 
as source and drain regions even in the case where the second 
capacitance electrode 44 has 0V. Area of the capacitor 47 can 
be made Smaller by forming the gate insulating film 14 thin. 
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Therefore, in the step of etching the first conductive films 18a 
to 18e and the second conductive films 19a to 19e shown in 
FIGS. 7A to 7D, the thickness of the gate insulating film 14 in 
a region for forming the capacitor 47 is preferably made thin 
in order to thin the thickness thereof. Accordingly, the area of 
the capacitor 47 can be reduced without adding an etching 
step. 

0.141. Subsequently, as shown in FIG. 9A, an insulating 
film containing hydrogen such as a silicon nitride film 48 is 
formed over a whole Surface including the second-layer gate 
electrodes 43a to 43c and the second capacitance electrode 
44, and heat treatment for hydrogenation is performed at a 
temperature of 350° C. or more. By this heat treatment, a 
crystal defect of the semiconductor layer (crystalline silicon 
film) can be terminated with hydrogen. Note that the silicon 
nitride film 48 containing hydrogen is formed and then the 
heat treatment for hydrogenation is performed in this embodi 
ment, however, the same result can be obtained when a silicon 
oxide film is formed and then heat treatment is performed in 
an atmosphere containing 3 to 100% hydrogen at a tempera 
ture of 350° C. or more. In this case, a load of a circuit 
operation can be made Smaller as compared with the case 
where the silicon nitride film is employed and capacitance 
between electrodes can be reduced, because the relative per 
mittivity of the silicon nitride film is about twice that of the 
silicon oxide film. 

0142. Subsequently, an interlayer insulating film 49 is 
formed over the silicon nitride film 48 by using a self-flatter 
ing organic or inorganic insulating film. As the inorganic 
insulating film, for example, a silicon oxide film formed by 
CVD, a silicon oxide film formed by coating by SOG (Spin 
On Glass), a film made of a material Such as siloxane which 
has a bond of silicon and oxygen as a backbone structure and 
contains hydrogen as a Substituent or further contains at least 
one of fluorine, an alkyl group, and aromatic hydrocarbon as 
a substituent, or the like can be used. On the other hand, for 
the organic insulating film, polyimide, polyamide, BCB (ben 
Zocyclobutene), acrylic, a positive type photosensitive 
organic resin, a negative type photosensitive organic resin, or 
the like can be employed. In addition, a low-kmaterial can be 
preferably employed. Further, a laminated structure thereof 
may be employed. In this embodiment, the interlayer insulat 
ing film 49 is formed by using photosensitive polyimide. 
0143. Then, as shown in FIG.9B, a pixel electrode 50 is 
formed by using a transparent conductive film Such as an ITO 
over the interlayer insulating film 49. 
0144. Subsequently, as shown in FIG. 9C, contact holes 
(connection openings) to reach the Source region and the 
drain region are formed by etching in the interlayer insulating 
film 49, the silicon nitride film 48, and the gate insulating film 
14. Then, a conductive film is formed by using a low-resis 
tance material within the contact holes and over the interlayer 
insulating film 49, and etched. Accordingly, source and drain 
electrodes 51 to 55 each formed by the conductive film are 
formed in the n-type thin film transistors in the driver circuit 
portion 42 and the n-type thin film transistor 46 in the pixel 
portion respectively. The drain electrode 55 is connected to 
the pixel electrode 50. Note that the source and drain elec 
trodes 51 to 55 may be structured by a single layer made of Al, 
Cu, or the like, however, they may have a laminated structure. 
In particular, a laminated structure in which TiN, Al, TiN, and 
Tiare stacked in this order from the top layer may be prefer 
ably employed in the case of preventing diffusion of the 
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electrode material into the semiconductor layer as well the 
hillock generation due to stress migration. 
0145. In the semiconductor device according to this 
embodiment, not a p-type thin film transistor but an n-type 
thin film transistor is formed in the driver circuit portion 42 
and in the pixel portion 45, however, a p-type thin film tran 
sistor may be formed instead. In this case, only the step of 
injecting an impurity element is different between the respec 
tive steps. 
0146 The capacitor 47 functions to store a pixel signal 
which is transmitted to a pixel through a pixel Switching 
element, which is structured by the capacitance electrode 
having the high concentration impurity region in the same 
layer as the Source and drain regions of the n-type thin film 
transistor 46, the gate insulating film 14 of the thin film 
transistor 46, and the second capacitance electrode 44. 
0147 According to this embodiment, a thin film transistor 
with a gate-overlapped LDD structure and a thin film transis 
tor with an LDD structure can be formed over the same 
Substrate without adding a step. In addition, a material con 
taining as a main component Al which is low in resistance and 
inexpensive while low in heat resistance can be employed to 
the second-layer gate electrode, because the thin film transis 
tors are formed in such a manner that the thin film transistor 
with an LDD structure is formed, heat treatment for activating 
impurity is performed, and then the second-layer gate elec 
trode is formed to form the gate-overlapped LDD structure 
and reduce the resistance of the gate electrode wiring. 
Accordingly, a large-sized image display device may be pro 
vided at low price which is capable of operating at high speed 
and Superior in the image display property. Note that the gate 
electrode may have one layer in some cases where the LDD 
structure or the gate-overlapped LDD structure is formed by 
using a mask Such as a photo resist. 

Embodiment 3 

0148. This embodiment describes an example of a thin 
film transistorto which the invention is applied with reference 
to FIGS. 10A to 10C, which differs from Embodiment Mode 
2. The steps up to FIG. 10A are the same as those shown in 
FIGS. 6A to 8A, therefore, description thereof is omitted. 
FIG. 10A illustrates the same state as FIG. 8A. 

0149 Following the state shown in FIG. 10A, an insulat 
ing film 700 is formed over a whole substrate. The insulating 
film 700 is formed by a single layer or multiple layers by 
using a silicon nitride film and a silicon nitride film containing 
oxygen. As the forming method, a known method such as 
plasma CVD can be employed. 
0150. Subsequently, heat treatment is performed at a tem 
perature of 550° C. Here, the gate electrode and wiring is 
prevented from being oxidized since it is covered with the 
insulating film 700. By this heat treatment, the impurity in the 
semiconductor layer is activated as well as Ni in the channel 
region is introduced to the high concentration impurity region 
(the Source and drain regions) to perform gettering. Note that 
the heat treatment can be performed by any of furnace anneal 
ing, lamp annealing, and laser annealing. Subsequently, a 
third conductive film 701 is formed by using a low resistance 
material over the insulating film 700. Note that the third 
conductive film 701 may be formed by a laminate layer in 
which a barrier film formed by titanium nitride and the like 
and a layer formed by Al or an Al alloy are laminated, or by a 
layer formed by AI or an AI alloy. 
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0151. Then, a photo resist film is coated over the third 
conductive film 701 to be exposed and developed. As a result, 
resist patterns 702 to 705 are formed over the third conductive 
film 701. Subsequently, the third conductive film 701 is 
etched by using the resist patterns 702 to 705 as masks, so that 
second-layer gate electrodes 706 to 708 are formed over the 
gate electrodes of the thin film transistors in the driver circuit 
portion 710 respectively with the insulating film 700 inter 
posed therebetween while a second-layer capacitance elec 
trode 709 is formed over a capacitance electrode 714 with the 
insulating film 700 interposed therebetween. A capacitor 712 
is structured by the second-layer capacitance electrode 709, 
the insulating film 700, and the capacitance electrode 714. 
Note that a reference numeral 711 denotes a pixel thin film 
transistor and a reference numeral 713 denotes a pixel por 
tion. 
0152. After that, the same steps as those shown back from 
FIG. 9A are performed to manufacture a display device. 
According to this embodiment, the insulating film 700 is 
interposed between the second-layer gate electrodes 706 to 
708 and the first-layer gate electrodes, and a first-layer gate 
electrode 800 and a second-layer gate electrode 801 are con 
nected as shown in FIG.11. Note that a reference numeral 802 
denotes a semiconductor layer and a reference numeral 803 
denotes a contact hole. In addition, an auxiliary capacitor may 
be formed by using the second-layer gate electrodes 706 to 
708, the insulating film 700, and the first-layer gate elec 
trodes. 

Embodiment 4 

0153. This embodiment describes a method for manufac 
turing a liquid crystal display device by using a substrate 
formed by a method described in Embodiment 2 with refer 
ence to FIG. 12. An insulating layer 56 called an alignment 
film is formed so as to cover the pixel electrode 50. Note that 
the insulating layer 56 can be selectively formed by screen 
printing or off-set printing. Then, rubbing is performed, and a 
sealant is formed around the pixel region. 
0154 Subsequently, an opposing substrate 59 provided 
with an insulating layer 57 functioning as an alignment film 
and a conductive layer 58 functioning as an opposite elec 
trode is attached to an element substrate 60 with a spacer, and 
a liquid crystal layerisprovided therebetween, so that a liquid 
crystal display panel can be manufactured. The sealant may 
be mixed with a filler, and the opposing substrate 59 may be 
provided with a color filter, a shielding film (a black matrix) 
or the like. Note that the liquid crystal layer can beformed by 
a dispensertype (a dropping type) methodora dipping type (a 
pumping type) method in which a liquid crystal is injected by 
using a capillary phenomenon after attaching the opposing 
Substrate 59. 
0.155. In a liquid crystal dropletinjection method employ 
ing the dispenser method, a closed loop is formed with the 
sealant, and therein a liquid crystal is dropped once or plural 
times. Then, the Substrates are attached in vacuum, and cured 
by ultraviolet to obtain the space filled with liquid crystals. 
0156 Subsequently, a wiring board for connection is pro 
vided with an anisotropic conductive layer interposed ther 
ebetween. The wiring board functions to transmit an external 
signal and potential. Through the above-described steps, the 
liquid crystal display panel is completed. 
0157 By the above-described steps, a liquid crystal dis 
play device provided with the thin film transistor and the 
semiconductor device of the invention can be manufactured. 
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Embodiment 5 

0158. This embodiment describes an example of manufac 
turing a light-emitting display device by using the thin film 
transistor of the invention with reference to FIG. 13. Similarly 
to the description in Embodiment 2, the thin film transistors 
are formed in the driver circuit portion 150 and the pixel 
portion 151 over the substrate 10. The layout of the thin film 
transistor and the impurity element to be injected into the 
semiconductor layer are arbitrarily determined depending on 
its expected performance. In this embodiment, the descrip 
tion is given from a step of forming the interlayer insulating 
film 49, on the assumption that the second conductive layer 
used as a portion of the gate electrode is made of molybdenum 
and a driving transistor 152 of a light-emitting element is a 
p-type transistor. 
0159. In this embodiment, the interlayer insulating film 49 

is formed by using siloxane. Siloxane polymer coated over a 
whole surface is dried by heat treatment for 10 minutes at a 
temperature of 50 to 200° C., and then baking treatment is 
employed for 1 to 12 hours at a temperature of 300 to 450° C. 
so that the interlayer insulating film 49 is formed. By this 
baking, a siloxane film is formed at a thickness of 1 um over 
a whole Surface. In this step, hydrogenation and impurity 
activation of the semiconductor layer are performed with 
hydrogen in the silicon nitride film 48 simultaneously with 
the baking of the siloxane polymer. 
0160 Subsequently, a silicon nitride oxide film or a silicon 
oxynitride film may be formed by CVD so as to cover the 
interlayer insulating film 49. This film functions as an etching 
stopper to prevent overetching of the interlayer insulating 
film when a conductive film that is formed later is etched. 
Note that the silicon oxynitride film is preferably formed at 
sufficient thickness to be removed simultaneously with the 
etching of the wiring, which beneficially affects on the reli 
ability of a light-emitting element that is formed later. 
0161 Then, the interlayer insulating film 49 is patterned 
and etched to form contact holes which reach the high con 
centration impurity regions 153 to 160 respectively. 
0162 Then, a metal film is laminated within the contact 
holes and patterned to form a source electrode and a drain 
electrode. In this embodiment, source or drain electrodes, or 
wirings 161 to 167 are formed respectively with a three-layer 
structure in which molybdenum, aluminum, and molybde 
num are stacked in this order over the substrate. 
0163 Subsequently, a step of manufacturing a light-emit 
ting device by using the above-described semiconductor ele 
ment follows. 

0164. In a light-emitting device described in this embodi 
ment, a layer containing a light-emitting material is sand 
wiched between a pair of electrodes, and an element which 
emits light by current flowing between the electrodes is 
arranged in matrix. 
0.165. As the excitation state of a light-emitting element, 
there are known a singlet excitation and a triplet excitation, 
and it is considered that the light emission can be obtained 
through either of the excitation states. Therefore, the element 
in the singlet excitation State and the element in the triplet 
excitation state may be used in combination in one light 
emitting device depending on the property of the each ele 
ment. For example, in three colors of RGB, an element of 
triplet excitation state may be used for red emission, whereas 
an element of singlet excitation state may be used for blue and 
green emission. Note that the element of triplet excitation 
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state generally has high luminous efficiency, thereby contrib 
uting to the decrease of the driving Voltage. 
0166 As the material for a light-emitting element, a low 
molecular weight light-emitting material, a high-molecular 
weight light-emitting material, or a medium-molecular 
weight light-emitting material having an intermediate prop 
erty between the low molecule and the high molecule can be 
employed. In this embodiment, a low-molecular weight light 
emitting material is employed. The low-molecular weight 
material or the high-molecular weight material dissolved in a 
Solvent can be coated by spin coating or inkjetting. Note that 
not only an organic material but also a composite material of 
the organic material and an inorganic material can be 
employed. 
0.167 A first electrode 168 of the light-emitting element is 
formed so as to partially overlap the drain electrode 167 of the 
thin film transistor formed through the preceding steps. The 
first electrode 168 serves as an anode or a cathode of the 
light-emitting element. In the case of using it as the anode, a 
metal with a high work function, an alloy, an electrically 
conductive compound, the mixture of them, or the like is 
preferably employed. A work function of about 4.0 eV or 
more is an approximate indication of the work function. As a 
specific material, ITO (indium tin oxide), IZO (indium zinc 
oxide) in which 2 to 20% zinc oxide (ZnO) is mixed in indium 
oxide, GZO in which gallium is doped to Zinc oxide, ITSO in 
which 2 to 20% silicon oxide (SiO2) is mixed into indium 
oxide, gold (Au), platinum (Pt), nickel (Ni), tungsten (W), 
chrome (Cr), molybdenum (Mo), iron (Fe), cobalt (Co), cop 
per (Cu), paradium (Pd), and nitride of a metal material Such 
as titanium nitride (TiN), and the like can be employed. 
0.168. On the other hand, in the case of using it as the 
cathode, a metal with a low work function (an appropriate 
indication is a work function of 3.8 eV or less), an alloy, an 
electrically conductive compound, a mixture of them, or the 
like is preferably employed. Specifically, an element belong 
ing to group 1 or 2 in the periodic table, that is, an alkaline 
metal Such as Li and Cs, an alkaline earth metal Such as Mg, 
Ca, and Sr, an alloy (Mg—Agor Al-Li) or a compound (LiF. 
CsF, or CaF) containing them, or a transition metal contain 
ing a rare-earth metal can be employed. However, in this 
embodiment, a second electrode is formed to transmit light, 
therefore, the metal or the alloy containing the metal is 
formed quite thin, and the second electrode is formed by 
stacking ITO, IZO. ITSO, GZO, or another metal (including 
an alloy). 
(0169. In this embodiment, the first electrode 168 serves as 
an anode, and ITSO is employed. When ITSO is used as an 
electrode, the reliability of a light-emitting device can be 
improved by performing vacuum baking. 
(0170 Note that in this embodiment, the first electrode 168 
is formed after the source or drain electrodes 161 to 167 of the 
thin film transistors are formed, however, the first electrode 
168 may be formed first, and then the electrodes of the thin 
film transistors may be formed. 
0171 Subsequently, an insulating film 169 is formed so as 
to cover the edge of the first electrode 168. The insulating film 
169 is called a bank or a partition wall. An inorganic insulat 
ing film or an organic insulating film can be used as the 
insulating film 169. As the inorganic insulating film, a silicon 
oxide film formed by CVD, a silicon oxide film coated by 
SOG (Spin On Glass), or the like can be used. As the organic 
insulating film, a film formed by using photosensitive or 
nonphotosensitive polyimide, polyamide, BCB (benzocy 
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clobutene), or acryl, or a positive type photosensitive organic 
resin, a negative type photosensitive organic resin, or a mate 
rial, so-called siloxane, which has a bond of silicon and oxy 
gen as a skeleton structure and contains hydrogen as a Sub 
stituent or further contains at least one of fluorine, an alkyl 
group, and aromatic hydrocarbon as a Substituent can be used. 
Alternatively, a laminated structure of them may be 
employed. When the insulating film 169 is formed using a 
photosensitive organic material, the opening has a shape of 
which curvature radius varies continuously. Thus, it is pref 
erable in that disconnection of the film hardly occur in depos 
iting an electroluminescent layer. In this embodiment, pho 
tosensitive polyimide is employed. 
0172 Subsequently, deposition of an electroluminescent 
layer 170 is performed by using a deposition apparatus while 
moving its evaporation source. The deposition is performed 
in a film formation chamber which is evacuated to the degree 
of 5x10Torr (0.665 Pa) or less, and preferably, the degree of 
10 to 10 Torr. In the deposition, the organic compound 
which is vaporized by resistance heating in advance is scat 
tered to the direction of the substrate by opening a shutter. The 
vaporized organic compound is scattered upward, and depos 
ited over the Substrate through an opening provided in the 
metal mask, so that the electroluminescent layer 170 (from 
the side of the first electrode: a hole injection layer, a hole 
transporting layer, a light-emitting layer, an electron trans 
porting layer, and an electron injection layer) is formed. Note 
that the structure of the electroluminescent layer 170 is not 
limited to this laminated structure, and the number of lami 
nated layers may be Small and a compound layer having the 
function of two layers may be employed as well. Further 
more, the electroluminescent layer 170 may be formed by a 
single layer or a mixed layer. 
0173. In this embodiment, a hole injection layer is formed 
by CuPc at a thickness of 20 nm, a hole transporting layer is 
formed by D-NPB at a thickness of 40 nm, a light-emitting 
layer is formed by Alqata thickness of 50 nm, and an electron 
injection layer is formed by Al Li at a thickness of 10 nm. 
0.174. After the electroluminescent layer 170 is formed, a 
second electrode 171 is formed so as to be in contact with the 
electroluminescent layer 170. In this embodiment, the second 
electrode 171 is formed to be a cathode since the first elec 
trode 168 serves as the anode. The material as described 
previously can be employed for the cathode. In this embodi 
ment, an aluminum film is formed at a thickness of 150 nm to 
form the second electrode (cathode) 171. 
(0175. In this embodiment, only the first electrode 168 is 
formed by using a light-transmitting material. Thus, light is 
taken from a bottom surface of the substrate. FIG. 14 is an 
example of a top-emission structure, in which a pixel elec 
trode 176 and source or drain electrodes 161 to 165,167, and 
173 of the thin film transistors are formed in different layers. 
A first insulating film 174 and a second interlayer insulating 
film 175 can be formed by using the same material as the 
insulating film 169 in FIG. 13, and the combination of mate 
rial can be freely determined. In this embodiment, both of the 
layers are formed by using siloxane. The pixel electrode 176 
is formed by stacking Al Si, TiN, ITSO in this order over the 
second interlayer insulating film 175, however, it may be a 
single layer or may have a laminated structure including two 
layers, or four or more layers. 
(0176 FIGS. 15A to 15C illustrate cases of a bottom-emis 
Sion, a dual-emission, and a top-emission respectively. The 
bottom-emission structure described in this embodiment cor 
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responds to the structure shown in FIG.15A. A dual-emission 
light-emitting device capable of taking light from both Sur 
faces as shown in FIG. 15B can be manufactured by stacking 
a material containing Lithin (at Sufficient thickness to trans 
mit light) under the second electrode 1200, and by forming 
the second electrode by using a light-transmitting material 
such as ITO, ITSO, and IZO. Note that aluminum or silver 
does not transmit light when being stacked to be a thick film 
whereas they transmits light when being stacked to be a thin 
film. Therefore, by forming the second electrode 1200 by 
using a film made of aluminum or silver at Sufficient thickness 
to transmit light, the dual-emission structure can be realized. 
0177 FIG. 15C illustrates a top-emission light-emitting 
device, which corresponds to FIG. 14. When the number of 
interlayer insulating films 1201 is increased by one than those 
in the structures of FIGS. 15A and 15B, a light-emitting 
element can be provided above the thin film transistor 1202 as 
well, which is an advantage of the top-emission structure in 
the point of an aperture ratio. 
(0178. The transparent electrode such as ITO and ITSO, 
which is used in the dual-emission structure or the top-emis 
sion structure, is difficult to be deposited by resistance heat 
ing, therefore, it is formed by Sputtering or electron beam 
deposition. When the second electrode 171 is formed by 
sputtering or electron beam deposition, the Surface of the 
electron injection layer or an interface between the electron 
injection layer and the electron transporting layer may be 
damaged, so that the property of the light-emitting element 
may be adversely affected. In order to prevent this, it is 
preferable to provide a material that is less subject to such 
damage at the position closest to the second electrode 171. 
The material that is less Subject to Such damage and that can 
be employed for the electroluminescent layer 170 is, for 
example, molybdenum oxide (Mo.Ox). However, since 
MoOx is the preferable material for the hole injection layer, it 
is necessary that the second electrode 171 is the anode in 
order to provide MoCox in contact with the second electrode 
171. 

0179. In this case, therefore, instead of structuring in the 
order shown in FIG. 16A (an anode 1210, a hole injection 
layer 1211, a hole transporting layer 1212, a light-emitting 
layer 1213, an electron transporting layer 1214, an electron 
injection layer 1215, and a cathode 1216) as is in this embodi 
ment, the first electrode 168 is formed as a cathode 1220 first, 
and then an electron injection layer 1221, an electron trans 
porting layer 1222, a light-emitting layer 1223, a hole trans 
porting layer 1224, a hole injection layer (MoCX) 1225, and 
a second electrode (anode) 1226 are formed in this order as 
shown in FIG. 16B. In addition, a driving thin film transistor 
of a pixel is required to be n-type. In this embodiment, the 
driving transistor of the light-emitting element 152 is a p-type 
transistor. However, by using the above-described element, 
all the transistors over the Substrate can be n-type transistors 
as well. 

0180. The MoOx is formed by deposition, and MoOx 
satisfying x=3 or more is preferably employed. Moreover, the 
MoCX layer may be formed to be an organic-inorganic com 
posite layer by co-evaporating with an organic metal complex 
Such as copperphthalocyanine (CuPc) or an organic material. 
In the case of using the light-emitting element as described 
above in which the first electrode 168 serves as a cathode, it is 
preferable that a transistor using a-Si:H, which is originally 
n-type, as the semiconductor layer be employed as a thin film 
transistor in the pixel portion because the process can be 
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simplified. In the case where the driver circuit portion is 
formed over the same substrate as the pixel portion, only the 
driver circuit portion is preferably crystallized by laser irra 
diation. 
0181 Subsequently, a passivation film 172 is formed by 
using a silicon oxide film containing nitrogen by plasma 
CVD. As for the silicon oxide film containing nitrogen, a 
silicon oxynitride film formed by using SiH, NO, and NH, 
a silicon oxynitride film formed by using SiH and NO, or a 
silicon oxynitride film formed by using a gas in which SiHa 
and NO are diluted with Ar may be formed by plasma CVD. 
Alternatively, a silicon oxynitride hydride film formed by 
using SiH, NO, and H may be used as the passivation film 
172. Needless to say, the passivation film 172 is not limited to 
have a single-layer structure and it may beformed by a single 
layer or multiple layers by using another insulating film con 
taining silicon. Moreover, a multilayer of a carbon nitride film 
and a silicon nitride film, a multilayer of styrene polymer, a 
silicon nitride film, or a diamond-like carbon film may be 
used instead of the silicon oxide film containing nitrogen or in 
addition to the silicon oxide film containing nitrogen in the 
form of a laminated structure. 

0182. Then, in order to protect the electroluminescent ele 
ment from the deterioration-promoting material such as 
water, the display portion is sealed. When an opposing Sub 
strate is used to seal the display portion, the element Substrate 
and the opposing Substrate are attached with an insulating 
sealant so as to expose an external connection portion. The 
space between the opposing substrate and the element Sub 
strate may be filled with an inert gas such as dry nitrogen, or 
the sealant may be coated over the whole pixel portion to form 
the opposing Substrate. For the sealant, an ultraviolet curable 
resin or the like is preferably employed. A drying agent or a 
particle for keeping the same gap may be mixed into the 
sealant. Subsequently, the flexible wiring board is attached to 
the external connection portion, so that an electroluminescent 
panel is completed. 
0183 Such an electroluminescent panel displays the 
image with a single color, an area color, a full color, or the 
like. The full-color display method is further divided into an 
RGB emitter's selective deposition method, a method in 
which RGB are made of a white-color light source by using a 
color filter, a method in which a color having a short wave 
length is converted into a color having a long wavelength by 
using a color conversion filter, and the like. Moreover, a color 
filter may be used in order to improve the color purity. 
0184. Note that either of an analog video signal and a 
digital video signal can be used in the light-emitting display 
device having a display function of the invention. As for the 
digital video signal, there are a video signal using Voltage and 
a video signal using current. The video signal input to the 
pixel uses the constant Voltage or the constant current when 
the light-emitting element emits light. When the video signal 
uses the constant Voltage, the Voltage applied to the light 
emitting element or the current flowing in the light-emitting 
element is constant. On the other hand, when the video signal 
uses the constant current, the Voltage applied to the light 
emitting element or the current flowing in the light-emitting 
element is constant. The former one in which the constant 
Voltage is applied to the light-emitting element is referred to 
as a constant voltage drive, while the latter one in which the 
constant current flows in the light-emitting element is referred 
to as a constant current drive. In the constant current drive, the 
constant current flows without being affected by change of 
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the resistance of the light-emitting element. Either of a driv 
ing method by the video signal using Voltage and the driving 
method by a video signal using current can used in the light 
emitting display device and its driving method of the inven 
tion. Moreover, either of the constant voltage drive and the 
constant current drive can employed. 
0185. Accordingly, a display device may be provided 
whose semiconductor element operates without being 
affected even when being formed over a substrate which is 
largely affected by heat shrink Such as a large Substrate. 

Embodiment 6 

0186 This embodiment describes a pixel circuit, a protec 
tive circuit, and an operation thereof. 
0187. In a pixel shown in FIG. 17A, a signal line 1410 and 
power source lines 1411 and 1412 are arranged in the column 
direction, and a scan line 1414 is arranged in the row direc 
tion. The pixel comprises a switching TFT 1401, a driving 
TFT 1403, a current controlling TFT 1404, a capacitor 1402, 
and a light-emitting element 1405. 
0188 A pixel shown in FIG. 17C has the same configura 
tion as the pixel shown in FIG. 17A, except that a gate elec 
trode of the TFT 1403 is connected to the power source line 
1412 arranged in the row direction. That is, the pixels shown 
in FIGS. 17A and 17C are equivalent circuit diagrams to each 
other. However, the power source line 1412 arranged in the 
row direction (FIG. 17A) and the power source line 1412 
arranged in the column direction (FIG. 17C) are formed by 
conductive films of different layers from each other. A wiring 
connected to the gate electrode of the driving TFT 1403 is 
focused on here, and description is made separately between 
FIGS. 17A and 17C in order to illustrate that the wirings are 
formed by different layers from each other. 
(0189 In the pixels shown in FIG. 17A and FIG. 17C, the 
TFTs 1403 and 1404 are connected in series in the pixels. A 
channel length L(1403) and a channel width W(1403) of the 
WI 1403 and a channel length L(1404) and a channel width 
W(1404) of the TFT 1404 are preferably set so as to satisfy 
L(1403)/W(1403):L(1404)/W(1404)=5 to 6000:1. 
0190. The TFT 1403 operates in a saturation region and 
controls a current value flowing through the light-emitting 
element 1405, while the 1404 operates in a linear region and 
controls current supply to the light-emitting element 1405. It 
is preferable in view of the forming step that both of the have 
the same conductivity type, and they are n-type TFTs in this 
embodiment. In addition, not only an enhancement type but 
also a depletion type may be used as the TFT 1403. According 
to the invention having the above-mentioned structure, the 
TFT 1404 operates in a linear region, therefore, a slight varia 
tion of Vgs of the TFT 1404 does not affect a current value of 
the light-emitting element 1405. That is, the current value of 
the light-emitting element 1405 can be determined by the 
TFT 1403 that operates in a saturation region. Accordingly, a 
display device can be provided in which the image quality is 
improved by improving a luminance variation of the light 
emitting element due to variations in TFT properties. 
(0191). In the pixels shown in FIGS. 17A to 17D, the TFT 
1401 is a TFT for controlling input of a video signal to the 
pixel. When the TFT 1401 turns ON and a video signal is 
inputted to the pixel, a Voltage of the video signal is stored in 
the capacitor 1402. FIGS. 17A and 17C each show a configu 
ration in which the capacitor 1402 is provided, however, the 
invention is not limited to this, and the capacitor 1402 is not 
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necessarily provided in the case where gate capacitance or the 
like can be substituted with a capacitor for storing a video 
signal. 
(0192. The pixel shown in FIG. 17B has the same pixel 
configuration as FIG. 17A, except that a TFT 1406 and a scan 
line 1416 are additionally provided. Similarly, the pixel 
shown in FIG. 17D has the same pixel configuration as FIG. 
17C, except that the TFT 1406 and the scan line 1416 are 
additionally provided. 
(0193 The TFT 1406 is controlled to turn ON/OFF by the 
scan line 1416 which is additionally provided. When the TFT 
1406 is turned ON. charges held in the capacitor 1402 are 
discharged, thereby turning the TFT 1404 OFF. That is, cur 
rent supply to the light-emitting element 1405 can be forcibly 
stopped by providing the TFT 1406. Thus, the TFT 1406 may 
be called an erasing TFT. Consequently, in the configurations 
shown in FIGS. 17B and 17D, a light-emitting period can start 
simultaneously with or shortly after a writing period before 
signals are written to all the pixels, thereby the duty ratio can 
be improved. 
(0194 In a pixel shown in FIG. 17E, the signal line 1410 
and the power source line 1411 are arranged in a column 
direction, while the scan line 1414 is arranged in a row direc 
tion. The pixel comprises the switching TFT 1401, the driving 
TFT 1403, the capacitor 1402, and the light-emitting element 
1405. A pixel shown in FIG. 14F has the same pixel configu 
ration as FIG. 17E, except that the TFT 1406 and the scan line 
1415 are additionally provided. Note that in the configuration 
of FIG. 17F, the duty ratio can be increased as well by pro 
viding the TFT 1406. 
0.195 As described above, various pixel circuits can be 
adopted. In the case where a thin film transistor is formed by 
an amorphous semiconductor film, in particular, a semicon 
ductor film of a driving TFT is preferably formed large. 
Therefore, the pixel circuits described above are preferably 
formed to be top-emission type in which light of the elec 
troluminescent layer is emitted from the sealing Substrate 
side. 

0196. Such an active matrix light-emitting device is 
advantageous in that, when the pixel density is increased, it 
may be operated at low voltage since a TFT is provided for 
each pixel. 
0197) This embodiment describes an active matrix light 
emitting device in which each TFT is provided in one pixel, 
however, a passive matrix light-emitting device can be 
formed as well in which the TFT is provided per column. In 
the passive matrix light-emitting device, the high opening 
ratio is obtained since a TFT is not provided for each pixel. In 
the case of a light-emitting device in which light is emitted to 
both sides of the electroluminescent layer, the light transmit 
tance can be increased by employing a passive matrix light 
emitting device. 
0198 Described next is the case where the equivalent cir 
cuit shown in FIG. 17E is adopted and a diode is provided as 
a protective circuit to the scan line and the signal line. 
(0199. In FIG. 18, the TFTs 1401 and 1403, the capacitor 
1402, and the light-emitting element 1405 are provided in a 
pixel portion 1500. Diodes 1561 and 1562 are provided to the 
signal line 1410. Similarly to the TFTs 1401 and 1403, the 
diodes 1561 and 1562 are each structured based on the above 
described embodiment, and each comprises a gate electrode, 
a semiconductor layer, a source electrode, a drain electrode, 
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or the like. The diodes 1561 and 1562 are each operated by 
connecting the gate electrode to the drain electrode or the 
Source electrode. 
(0200 Common potential lines 1554 and 1555 connected 
to the diodes are formed by the same layer as the gate elec 
trode. Therefore, in order to connect to the source electrode or 
the drain electrode of the diode, a contact hole is required to 
be formed in the gate insulating layer. 
0201 Diodes 1563 and 1564 provided to the scan line 
1414 have the same structure. 

Embodiment 7 

0202) Examples of the electronic device to which the 
invention can be applied include a video camera, a digital 
camera, a goggle type display (head mounted display), a 
navigation system, an audio reproducing device (e.g., a car 
audio component system), a notebook personal computer, a 
game machine, a portable information terminal (e.g., a 
mobile computer, a mobile phone, a portable game machine, 
and an electronic book), and an image reproducing device 
provided with a recording medium (specifically, a device 
which is capable of reproducing a recording medium such as 
a digital versatile disc (DVD) and provided with a display of 
displaying the reproduced image). FIGS. 19A to 19E show 
specific examples thereof. 
0203 FIG. 19A shows a light-emitting display device 
such as a TV receiver, which includes a housing 2001, a 
display portion 2003 and a speaker portion 2004. The inven 
tion is applied to the display portion 2003. According to the 
invention, yield can be improved as well as the display qual 
ity. A polarizer or a circular polarizer may be provided in the 
pixel portion in order to improve the contrast. For example, a 
/4 w plate film, a /2 plate film, and a polarizer film may be 
provided in this order in the sealing substrate. Further, an 
antireflection film may be provided over the polarizer. 
0204 FIG. 19B shows a mobile phone including a main 
body 2101, housing 2102, a display portion 2103, an audio 
input portion 2104, an audio output portion 2105, an operat 
ing key 2106, and an antenna 2108. The light-emitting device 
of the invention is applied to the display portion 2103. 
According to the invention, yield can be improved as well as 
the display quality. 
0205 FIG. 19C shows a notebook computer including a 
main body 2201, a housing 2202, a display portion 2203, a 
keyboard 2204, an external connection port 2205, and a point 
ing mouse 2206. The invention can be applied to the display 
portion 2203. According to the invention, yield can be 
improved as well as the display quality. 
0206 FIG. 19D shows a mobile computer including a 
main body 2301, a display portion 2302, a switch 2303, 
operating keys 2304, and an infrared port 2305. The invention 
can be applied to the display portion 2302. According to the 
invention, yield can be improved as well as the display qual 
ity. 
0207 FIG. 19E shows a portable game machine including 
a housing 2401, a display portion 2402, a speaker portion 
2403, operating keys 2404, and a recording medium loading 
portion 2405. The invention can be applied to the display 
portion 2402. According to the invention, yield can be 
improved as well as the display quality. 
0208. As set forth above, the invention can be applied to a 
quite wide range of electronic devices in various fields. In 
addition, display is less affected by mask deviation so that the 
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yield is improved, the product can be provided at low cost, 
and a display device which exhibits high image quality can be 
provided. 

Embodiment 8 

0209 Pictures of semiconductor devices manufactured by 
actually using the invention are shown in FIGS. 21 and 22. 
0210. The picture shown in FIG. 21 is an actual transistor 
of the invention shown in a pattern diagram of FIG. 4. Refer 
ence numerals in the drawing are identical to those in FIG. 4. 
0211 A transistor 550 of the invention is structured by a 
transistor comprising the semiconductor layer 501a and a 
transistor comprising the semiconductor layer 501b, in which 
the respective gate electrodes 502, source electrodes 504, and 
drain electrodes 503 are electrically connected between the 
two transistors. The respective drain electrodes 503 are not 
connected in the picture, however, they are merged outside 
the picture to be electrically connected to each other. The 
semiconductor layers 501a and 501b are equal in width. The 
source electrode 504 is electrically connected to the transistor 
comprising the semiconductor layer 501 a through contact 
holes on the observers left as the gate electrode of the semi 
conductor layer 501a as the middle, while the source elec 
trode 504 is electrically connected to the transistor compris 
ing the semiconductor layer 501b through contact holes on 
the observers’ right as the gate electrode of the semiconductor 
layer 501b as the middle. The drain electrode and wiring is 
connected on the opposite side of the respective semiconduc 
tor layers. 
0212. The gate electrode 502 is structured by a first-layer 
gate electrode and a second-layer gate electrode. Respective 
semiconductor layers each of which does not overlap the 
first-layer gate electrode while overlaps the second-layer gate 
electrode are added with a p-type or an n-type impurity at a 
low concentration. On the other hand, respective semicon 
ductor layers each of which overlaps both the first-layer gate 
electrode and the second-layer gate electrode are Substan 
tially added with neither a p-type noran n-type impurity. The 
rest of the respective semiconductor layers is added with the 
impurity at a high concentration. 
0213. By forming a circuit by using such a transistor, a 
variation in parasitic capacitance formed between the second 
layer gate electrode and the semiconductor layer underlying 
the second-layer gate electrode to which the low concentra 
tion impurity is added is Suppressed, and an operation margin 
of the circuit can be easily secured. Furthermore, the circuit 
reliability and the reliability of an electronic device using the 
circuit are increased as well. 
0214 FIG. 22 is a picture of a transistor of the invention 
formed by using another layout. In FIG.22, a transistor 255 of 
the invention is structured by 60 transistors each of which 
comprises a semiconductor layer 251, a gate electrode 252 
structured by two layers, a source electrode and wiring 253, 
and a drain electrode and wiring 254. 
0215. The 60 transistors are electrically connected among 
the gate electrodes, among the Source electrodes, and among 
the drain electrodes each other, and the 60 transistors are input 
with the same signal and output to the same wiring. In the 60 
transistors, a transistor through which current flows in a first 
direction denoted in FIG. 22 and a transistor through which 
current flows in a second direction are equal in number. In 
addition, the total of the width of the respective semiconduc 
tor layers of the transistors through which current flows in the 
first direction and each of which overlaps only the second 
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layer gate electrode, and the total of the width of the respec 
tive semiconductor layers of the transistors through which 
current flows in the second direction and each of which over 
laps only the second-layer gate electrode are roughly equal to 
each other. Accordingly, a transistor of the invention may be 
formed in which the tolerance on deviation of the second 
layer gate electrode in the first direction and in the second 
direction is larger than that of a conventional structure for 
Securing an operation margin. 
0216. This application is based on Japanese Patent Appli 
cation serial no. 2004-071793 filed in Japan Patent Office on 
12th, March, 2004, the entire contents of which are hereby 
incorporated by reference. 

1. (canceled) 
2. An electroluminescent device comprising: 
a pixel over a glass Substrate, the pixel comprising: 

a base insulating film over and in contact with the glass 
substrate; 

a semiconductor layer over the base insulating film, the 
semiconductor layer having a rectangular shape and 
comprising a first doped region, a first channel forma 
tion region, a second doped region, a second channel 
formation region, and a third doped region in this 
order along a longitudinal direction of the semicon 
ductor layer; 

a gate insulating film over the semiconductor layer, 
a first wiring over the gate insulating film and overlap 

ping with the first channel formation region and the 
second channel formation region; 

an interlayer insulating film over the first wiring; 
a second wiring over the interlayer insulating film, the 

second wiring passing the interlayer insulating film 
and being indirect contact to the second doped region; 

a third wiring over the interlayer insulating film, the 
second wiring extending a direction parallel to the 
longitudinal direction, passing the interlayer insulat 
ing film, and being in direct contact to the first doped 
region and the second doped region; 

a pixel electrode over the interlayer insulating film; 
a bank covering an edge portion of the pixel electrode: 
an electroluminescent layer over the pixel electrode and 

the bank; and 
a second electrode over the electroluminescent layer, 

wherein the pixel electrode is transparent so that light 
emitted from the electroluminescent layer is extracted 
through the glass Substrate. 

3. The electroluminescent device according to claim 2, 
wherein the semiconductor layer is configured so that a 

current direction in the first channel formation region is 
opposite to that in the second channel formation region. 

4. The electroluminescent device according to claim 2, 
wherein the first doped region and the third doped region 

are doped with the same impurity. 
5. The electroluminescent device according to claim 2, 
wherein the first doped region, the second doped region, 

and the third doped region are doped with the same 
impurity. 

6. The electroluminescent device according to claim 4. 
wherein the impurity doped in the first doped region and 

the third doped region is a p-type impurity. 
7. The electroluminescent device according to claim 5, 
wherein the impurity doped in the first doped region, the 

second doped region, and the third doped region is a 
p-type impurity. 
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8. The electroluminescent device according to claim 2, 
wherein the bank is a silicon-oxide layer. 
9. The electroluminescent device according to claim 2, 
wherein the first wiring extends in a direction parallel to the 

longitudinal direction. 
10. An electronic device comprising the electrolumines 

cent device according to claim 2. 
11. An electroluminescent device comprising: 
a pixel over a glass Substrate, the pixel comprising: 

a base insulating film over and in contact with the glass 
Substrate; and 

a first transistor and a second transistor over the base 
insulating film, 

wherein the first transistor comprises a first semiconductor 
layer and a plurality of gate electrodes over the first 
semiconductor layer, and 

wherein the second transistor comprises: 
a second semiconductor layer over the base insulating 

film, the second semiconductor layer having a rectan 
gular shape and comprising a first doped region, a first 
channel formation region, a second doped region, a 
second channel formation region, and a third doped 
region in this order along a longitudinal direction of 
the second semiconductor layer, 

a gate insulating film over the second semiconductor 
layer, 

a first wiring over the gate insulating film and overlap 
ping with the first channel formation region and the 
second channel formation region; 

an interlayer insulating film over the first wiring; 
a second wiring over the interlayer insulating film, the 

second wiring passing the interlayer insulating film 
and being in direct contact to the second doped region; 

a third wiring over the interlayer insulating film, the 
second wiring extending a direction parallel to the 
longitudinal direction, passing the interlayer insulat 
ing film, and being in direct contact to the first doped 
region and the second doped region; 
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a pixel electrode over the interlayer insulating film; 
a bank covering an edge portion of the pixel electrode: 
an electroluminescent layer over the pixel electrode and 

the bank; and 
a second electrode over the electroluminescent layer, 
and 

wherein the pixel electrode is transparent so that light 
emitted from the electroluminescent layer is extracted 
through the glass Substrate. 

12. The electroluminescent device according to claim 11, 
wherein the second semiconductor layer is configured so 

that a current direction in the first channel formation 
region is opposite to that in the second channel forma 
tion region. 

13. The electroluminescent device according to claim 11, 
wherein the first doped region and the third doped region 

are doped with the same impurity. 
14. The electroluminescent device according to claim 11, 
wherein the first doped region, the second doped region, 

and the third doped region are doped with the same 
impurity. 

15. The electroluminescent device according to claim 13, 
wherein the impurity doped in the first doped region and 

the third doped region is a p-type impurity. 
16. The electroluminescent device according to claim 14, 
wherein the impurity doped in the first doped region, the 

second doped region, and the third doped region is a 
p-type impurity. 

17. The electroluminescent device according to claim 11, 
wherein the bank is a silicon-oxide layer. 
18. The electroluminescent device according to claim 11, 
wherein the first wiring extends in a direction parallel to the 

longitudinal direction. 
19. An electronic device comprising the electrolumines 

cent device according to claim 11. 
k k k k k 


