
(19) United States 
US 20070052021A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0052021 A1 
ISObe et al. (43) Pub. Date: Mar. 8, 2007 

(54) TRANSISTOR, AND DISPLAY DEVICE, 
ELECTRONIC DEVICE, AND 
SEMCONDUCTOR DEVICE USING THE 
SAME 

(75) Inventors: Atsuo Isobe, Atsugi (JP); Keiko Saito, 
Nagano (JP); Tomohiko Sato, Atsugi 
(JP) 

Correspondence Address: 
NIXON PEABODY, LLP 
401 9TH STREET, NW 
SUTE 900 
WASHINGTON, DC 20004-2128 (US) 

(73) Assignee: SEMICONDUCTOR ENERGY 
LABORATORY CO., LTD., Atsugi-shi 
(JP) 

(21) Appl. No.: 11/503,414 

(22) Filed: Aug. 14, 2006 

(30) Foreign Application Priority Data 

Aug. 23, 2005 (JP)...................................... 2005-24.1734 

122 
Sy 

N NIT 
ZSSZZ ZZZZZZZZZZZZZZZZZZZZ 

C////// 

Publication Classification 

(51) Int. Cl. 
HOIL 27/2 (2006.01) 
HOIL 2L/84 (2006.01) 

(52) U.S. Cl. .......................... 257/347; 438/149; 257/E29 

(57) ABSTRACT 

It is an object of an invention disclosed in the present 
specification to provide a transistor having low contact 
resistance. In the transistor, a semiconductor film including 
an impurity element imparting P-type or N-type conductiv 
ity, an insulating film formed thereover, and an electrode or 
a wiring that is electrically connected to the semiconductor 
film through a contact hole formed at least in the insulating 
film are included; the semiconductor film has a first range of 
a concentration of the impurity element (1x10"/cm or less) 
that is included in a deeper region than predetermined depth, 
and a second range of a concentration of the impurity 
element (more than 1x10'/cm) that is included in a shal 
lower region than the predetermined depth; and a deeper 
region than a portion in contact with the electrode or the 
wiring in the semiconductor film is in the first range of the 
concentration of the impurity element. 
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TRANSISTOR, AND DISPLAY DEVICE, 
ELECTRONIC DEVICE, AND SEMICONDUCTOR 

DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 
0002 An invention disclosed in the present specification 
relates to a transistor that is a semiconductor element (for 
example, a thin film transistor), and a display device using 
the same or the like. Further, the invention relates to 
manufacture of the transistor. 

0003 2. Description of the Related Art 
0004. In a case of manufacturing a thin film transistor, a 
contact hole is formed into a predetermined shape by 
performing dry etching with respect to an insulating film to 
connect a semiconductor film or a conductive film covered 
with the insulating film Such as an interlayer insulating film 
or a gate insulating film; and a wiring or an electrode (for 
example, refer to 34 paragraph in Japanese Patent Applica 
tion Laid-Open No. H10-189481). 

1. Field of the Invention 

0005 Dry etching is not a method where acidic or 
alkaline liquid is used but a method where gas is used for 
etching. By dry etching, a pattern having almost the same 
size as a mask Such as a resist mask can be obtained. This 
etching is referred to as an anisotropic etching and Suitable 
for micro-fabrication. 

SUMMARY OF THE INVENTION 

0006 When a contact hole is formed, dry etching is 
performed at a bottom surface of the contact hole on a 
condition that a semiconductor film or a conductive film in 
contact with a lower part of (just under) the insulating film 
is slightly etched. As a result, the insulating film can be 
completely removed. However, it is not intended that the 
semiconductor film or the conductive film be excessively 
etched so as to have a thickness of less than half a thickness 
before etching or to disappear. By performing etching more 
deeply than a thickness of an etching object (corresponding 
to an insulating film in the present specification), a film in 
contact with a lower part of the etching object, a Substrate, 
or the like are etched. Such etching is referred to as 
overetching. 

0007. In a case where the semiconductor film or the 
conductive film disappears at the bottom surface of the 
contact hole, there is a problem that contact resistance is 
extremely high even if a wiring or an electrode is formed in 
the contact hole, and therefore, a transistor to be manufac 
tured does not normally operate. The thinner film thickness 
of the semiconductor film or the conductive film just before 
forming the contact hole is formed, the more serious this 
problem becomes. 
0008 If the semiconductor film or the conductive film 
completely disappears at the bottom surface of the contact 
hole, the wiring or the electrode that is formed later in the 
contact hole is in contacted with only side faces of the 
semiconductor film or the conductive film. A semiconductor 
film in which a source region or a drain region of a thin film 
transistor is formed has generally a thickness of 100 nm or 
less. For example, in a case of a thin semiconductor film 
having a thickness of 30 to 40 nm, a contact area of the 
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wiring or the electrode and the semiconductor film is 
extremely small, and high contact resistance is caused. 
0009. In order to solve the problem, excessive etching 
that is not intended is attempted to be prevented by modi 
fying a condition in dry etching; however, it is difficult to 
obtain an appropriate condition. 
0010) By investigating a case of generating the excessive 
etching, it is found that excessive etching is generated in a 
case where an impurity element imparting predetermined 
conductivity Such as phosphorus with a high concentration 
is included in a semiconductor film of a transistor. In 
addition, it is also found that etching depth of the semicon 
ductor film is changed depending on a doping condition that 
concentration distribution of the impurity element in the 
semiconductor film is changed. 
0011. It is known that depth-direction distribution of a 
concentration of the impurity element is changed when 
changing an accelerating Voltage that is one of the condi 
tions in doping of the impurity element. By increasing an 
accelerating Voltage, a maximum value of a concentration of 
the impurity element usually occurs in a further deep portion 
in the depth-direction distribution of the concentration of the 
impurity element. It should be noted that an etching rate of 
the semiconductor film is changed due to a concentration of 
the impurity element imparting predetermined conductivity 
included in the semiconductor film. An etching rate can be 
determined by dividing an etched thickness or depth of an 
etching object by etching time. 
0012. As a gas used for dry etching in order to form a 
contact hole in an insulating film that is formed over a 
semiconductor film, CHF, CF, or the like (in addition, a 
rare gas such as helium or argon may be included) can be 
given, which selectively etches the insulating film. By using 
the gas, an etching rate with respect to the insulating film 
becomes higher than an etching rate with respect to the 
semiconductor film; however, it is not suggested that the 
semiconductor film be not etched at all. A ratio of an etching 
rate “a” of an etching object and an etching rate “b' of a 
material in contact with a lower part of the etching object 
(for example, corresponding to a semiconductor film in the 
present specification), that is a/b, is referred to as etching 
selectivity. It is to be noted that each “a” and “b' is a positive 
number. 

0013. According to an invention disclosed in the present 
specification, a semiconductor film including an impurity 
element imparting P-type or N-type conductivity, an insu 
lating film formed over the semiconductor film, and an 
electrode or a wiring that is electrically connected to the 
semiconductor film through a contact hole formed at least in 
the insulating film are included; the semiconductor film has 
a first range of a concentration of the impurity element that 
is included in a deeper region than predetermined depth, and 
a second range of a concentration of the impurity element 
that is included in a shallower region than the predetermined 
depth, which has a higher concentration than the first range; 
and a deeper region (a first region) than a portion in contact 
with the electrode or the wiring (a bottom surface of the 
contact hole) in the semiconductor film is in the first range 
of the concentration of the impurity element. For example, 
the first range is set to be 1x10'/cm or less, and the second 
range is set to be more than 1x10"/cm and 1x10/cm or 
less. The semiconductor film is used as a source, drain, or 
gate electrode or the like of a transistor. 
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0014. According to another invention disclosed in the 
present specification, a source region and a drain region 
including an impurity element imparting P-type or N-type 
conductivity, an insulating film over the Source region and 
the drain region, and an electrode or a wiring that is 
electrically connected to one of the Source region and the 
drain region through a contact hole formed at least in the 
insulating film are included; the Source region and the drain 
region have a first range of a concentration of the impurity 
element that is included in a deeper region than the prede 
termined depth, and a second range of a concentration of the 
impurity element that is included in a shallower region than 
the predetermined depth, which has a higher concentration 
than the first range; and a deeper region (a first region) than 
a portion in contact with the electrode or the wiring (a 
bottom surface of the contact hole) in one of the source 
region and the drain region is in the first range of the 
concentration of the impurity element. For example, the first 
range is set to be 1x10"/cm or less, and the second range 
is set to be more than 1x10'/cm and 1x10/cm or less. 
The Source region and the drain region are formed by 
implementing the impurity element in a region of part of a 
semiconductor film. 

0.015 A thickness of the first region is thinner than a 
thickness of a second region of the semiconductor film (or 
one of the Source region and the drain region) except for the 
first region (for example, thinner by 1 nm or more), and 50% 
of a thickness of the second region, preferably 60%, and 
more preferably 65% as a lower limit. This is so that the 
insulating film in a bottom surface of the contact hole does 
not remain and contact resistance between the semiconduc 
tor film and the electrode or the wiring is not increased. Even 
if the semiconductor film has a thickness of 45 nm or less, 
of which a lower limit is a thickness of 30 nm, the semi 
conductor film in the bottom surface of the contact hole does 
not disappear. 

0016. As the predetermined depth, depth of 1 nm or more 
is needed. The predetermined depth is set to be 50% or less 
of a thickness of the second region in the semiconductor 
film, preferably 40% or less, and more preferably 35% or 
less. In the present specification, depth refers to a value 
measured on condition that an arbitral position on a surface 
of an object (a semiconductor film, a source region, a drain 
region, or the like), which is not overetched, is made to be 
a base, in other words, depth of 0 nm. 

0017. As the semiconductor film, a film containing sili 
con as its main component, a film containing silicon and 
germanium, or the like can be used. The semiconductor film 
may contain hydrogen. Further, the semiconductor film may 
be any one of a polycrystalline semiconductor film, a single 
crystal semiconductor film, a microcrystalline semiconduc 
tor film, and an amorphous semiconductor film. Instead of 
the semiconductor film, a single crystal or polycrystalline 
semiconductor Substrate, typically, a silicon Substrate, may 
be used to manufacture an electric-field effect transistor by 
applying an invention disclosed in the present specification. 
In this case, depth of a source region (a drain region) formed 
in the semiconductor Substrate corresponds to a thickness of 
the semiconductor film. 

0018. In a case where the impurity element has N-type 
conductivity, the impurity element is typically phosphorus: 
however, another impurity element Such as arsenic may be 

Mar. 8, 2007 

used. In a case where the impurity element has P-type 
conductivity, the impurity element is typically boron; how 
ever, another impurity element may be used. 
0019 Even if a semiconductor film is thin, the semicon 
ductor film can be made not to disappear in a bottom Surface 
of a contact hole. In addition, the semiconductor film in the 
bottom surface of the contact hole can be made to leave a 
thickness corresponding to 50% or more of a thickness of a 
portion where the contact hole is not formed. Therefore, 
increase in contact resistance between the semiconductor 
film and a wiring or an electrode, which are connected 
through the contact hole, can be Suppressed. 
0020. In a case where a contact hole is formed by dry 
etching of an insulating film, overetching can be stopped at 
desired depth. Therefore, a transistor without a contact 
defect can be obtained, in which an insulating film is 
completely removed in a bottom surface of the contact hole. 

BRIEF DESCRIPTION OF DRAWINGS 

0021 FIGS. 1A to 1D show cross-sectional views for 
showing a process of manufacturing a TFT, 
0022 FIG. 2 shows a graph for showing concentration 
distribution in a depth direction of phosphorus: 
0023 FIGS. 3A to 3C show cross-sectional views for 
showing a process of manufacturing a TFT, 
0024 FIGS. 4A and 4B show a photograph of a cross 
section of a contact portion and a graph for showing contact 
chain resistance; 
0.025 FIGS. 5A and 5B show a photograph of a cross 
section of a contact portion and a graph for showing contact 
chain resistance; 
0026 FIGS. 6A to 6D show cross-sectional views for 
showing a process of manufacturing a TFT, 
0027 FIG. 7 shows a cross-sectional view for showing a 
liquid crystal display device; 
0028 FIGS. 8A to 8C show schematic views from a top 
Surface of a display device; 
0029 FIG.9 shows a cross-sectional view for showing an 
electroluminescence display device; 
0030 FIGS. 10A to 10D show views for showing elec 
tronic devices; 
0031 FIGS. 11A and 11B show block diagrams for 
showing a wireless IC tag; and 
0032 FIGS. 12A to 12E show examples of usage of a 
wireless IC tag. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment Mode 1 

0033. An example of manufacturing a thin film transistor 
(hereinafter, referred to as a TFT in the present specification) 
will be explained below. 
0034. As shown in FIG. 1A, a base insulating film 112 
having a thickness of 100 to 300 nm is formed over a 
substrate 111. As the substrate 111, an insulating substrate 
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Such as a glass Substrate, a quartz. Substrate, a plastic 
Substrate, or a ceramic Substrate, a metal Substrate, a semi 
conductor Substrate, or the like can be used. 
0035) In the base insulating film 112, a single-layer 
structure of an insulating film containing oxygen or nitrogen 
such as silicon oxide (SiO), silicon nitride (SiN.), silicon 
oxide containing nitrogen (SiON) (x>y>0) (also referred 
to as silicon oxynitride), or silicon nitride containing oxygen 
(SiN.O.) (x>y>0) (also referred to as silicon nitride oxide); 
or a stacked-layer structure of these insulating films can be 
used. In particular, when there is a problem that an impurity 
such as an alkali metal included in the substrate 111 or 
contaminant attached to the substrate 111 is dispersed, the 
base insulating film 112 is preferably formed. 
0.036 When a glass substrate is used as the substrate 111, 
a surface of the glass Substrate may be directly Subjected to 
plasma treatment by using plasma, which is excited by a 
microwave and has a high electron density and a low 
electron temperature, on the condition that an electron 
temperature is 0.5 eV or more and 1.5 eV or less, an ion 
energy is 5 eV or less, and an electron density is 1x10"/cm 
or more and 1x10"/cm or less. The plasma can be gener 
ated by using a plasma treatment device for microwave 
excitation with the use of a radial slot antenna. At this time, 
by introducing a nitride gas such as nitrogen (N), ammonia 
(NH), or nitrous oxide (N2O), the surface of the glass 
substrate can be nitride. A nitride layer formed over the 
Surface of the glass Substrate contains silicon nitride as its 
main component; therefore, the nitride layer can be used as 
a blocking layer to an impurity dispersing from the glass 
substrate. A silicon oxide film or a silicon oxide film 
containing nitrogen may be formed over this nitride layer by 
a plasma CVD method to be the base insulating film 112. 
0037. In addition, a surface of the base insulating film 112 
formed of silicon oxide or silicon oxide containing nitrogen 
is subjected to the above plasma treatment, and then nitrid 
ing treatment can be performed to the Surface and a portion 
having depth of 1 to 10 nm from the surface. This extremely 
thin nitride layer allows the base insulating film 112 be a 
blocking layer without affecting stress to a semiconductor 
film formed over the base insulating film 112 later. 
0038. The base insulating film 112 in contact with a lower 
part of the semiconductor film is preferably formed to be a 
silicon nitride film or a silicon nitride film containing 
oxygen having a film thickness of 0.01 to 10 nm, preferably 
1 to 5 nm. When a metal element is used for a crystallization 
method with respect to the semiconductor film, the metal 
element is needed to be gettered. At this time, when the base 
insulating film 112 is a silicon oxide film, a metal element 
in the semiconductor film and oxygen in the silicon oxide 
film react to be metal oxide in an interface between the 
silicon oxide film and the semiconductor film, and then the 
metal element may be difficult to be gettered. Therefore, the 
silicon oxide film is not preferably used in a portion of the 
base insulating film 112 in contact with the semiconductor 
film. 

0.039 Subsequently, in this embodiment mode, a film 
containing silicon as its main component is formed to have 
a film thickness of 60 to 70 nm as the semiconductor film. 
As the semiconductor film, a crystalline semiconductor film 
can be used. The crystalline semiconductor film is formed by 
forming an amorphous semiconductor film or a microcrys 
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talline semiconductor film by a CVD method, and crystal 
lizing the film by a laser crystallization method using an 
excimer laser or the like. The microcrystalline semiconduc 
tor film can be obtained by glow discharge decomposition of 
a gas made from a compound of silicon Such as SiH4. The 
microcrystalline semiconductor film can be easily formed by 
using a diluted gas made from a compound of silicon. Since 
the semiconductor film formed by a CVD method contains 
large amount of hydrogen, heat treatment for dehydrogena 
tion is performed as needed before crystallization. In a case 
of performing laser crystallization, heat treatment for dehy 
drogenation is preferably performed in advance. Instead of 
the crystalline semiconductor film, an amorphous semicon 
ductor film may be used. 
0040. Further, as a crystallization technique, a rapid ther 
mal annealing method (RTA method) using a halogen lamp 
or a technique of crystallization using a heating furnace can 
be applied. In addition, a method for solid-phase growth of 
an amorphous semiconductor film by using a metal element 
Such as nickel as a crystalline nucleus. 
0041. A film containing silicon as its main component is 
formed to have a predetermined shape through a photoli 
thography process. In this embodiment mode, the predeter 
mined shape indicates an island-shape. An island-shape film 
113 containing silicon as its main component is formed. 
Boron (B) as an impurity element may be added to the 
island-shape film 113 containing silicon as its main compo 
nent. In this case, a concentration of boron in the island 
shape film 113 containing silicon as its main component is 
set to be 1x10' to 1x10'/cm (preferably, 1x10' to 
5x10'7/cm). 
0042 A first insulating film 114 is formed by a CVD 
method or a sputtering method to have a thickness of 5 to 50 
nm so as to cover the island-shape film 113 containing 
silicon as its main component. The first insulating film 114 
is in contact with the island-shape film 113 containing 
silicon as its main component, and serves as a gate insulating 
film. 

0043. The first insulating film 114 may have a stacked 
layer structure by appropriately combining any of silicon 
oxide (SiO), silicon nitride (SiN), silicon oxide containing 
nitrogen (SiON) (x>y>0), and silicon nitride containing 
oxygen (SiN.O.) (x>y>0). In this embodiment mode, the 
insulating film 114 has a stacked-layer structure of a SiN.O. 
film and a SiO, N, film. A surface of the first insulating film 
114 may be densified with oxidation or nitriding treatment 
by the above plasma having the high electron density and 
low electron temperature. This treatment may be performed 
preceding formation of the first insulating film 114. In other 
words, plasma treatment is performed with respect to the 
Surface of the island-shape film 113 containing silicon as its 
main component. At this time, plasma treatment is per 
formed at a substrate temperature of 300° C. to 450° C. 
under an oxidative atmosphere (such as O or N2O) or a 
nitriding atmosphere (such as N or NH) so that an interface 
between the island-shape film 113 containing silicon as its 
main component and an insulating film deposited thereover 
can be favorably formed. 
0044 Subsequently, a conductive film that is to be a gate 
electrode is formed over the first insulating film 114. As the 
conductive film, any one of an aluminum (Al) film, a copper 
(Cu) film, a film containing aluminum or copper as its main 
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component, a chromium (Cr) film, a tantalum (Ta) film, a 
tantalum nitride (TaN) (x>0) film, a titanium (Ti) film, a 
tungsten (W) film, a tungsten nitride (WN) (x>0) film, and 
a molybdenum (Mo) film; or a stacked-layer film of any two 
or more kinds of the above films, for example, a stacked 
layer of an Al film and a Tafilm, a stacked layer of an Al film 
and a Ti film, or a stacked layer of a TaN film and a W film, 
can be used. In this embodiment mode, as the conductive 
film, a stacked-layer film of tantalum nitride (TaN) of about 
30 nm and tungsten (W) of about 370 nm is used. 
0045. Then, an electrode 116 having a predetermined 
shape is formed of the conductive film through the photo 
lithography process (FIG. 1A). In this embodiment mode, 
first etching is selectively performed with respect to tungsten 
(W) of a stacked-layer film forming the conductive film. In 
this case, etching is preferably performed on a condition of 
high etching selectivity of tungsten (W) with respect to 
tantalum nitride (TaN) so as not to etch tantalum nitride 
(TaN). An example of a condition of the first etching is as 
follows: a mixed gas of CF, Cl, and O is used; a mixed 
ratio is set to be CF/C1/O=60 sccm/50 sccm/45 sccm; 
electric power of 2000 W is supplied to a coiled electrode 
with pressure of 0.67 Pa to generate plasma; electric power 
of 150 W is applied to a substrate side (a sample stage); and 
a temperature of the sample stage is set to be -10° C. 
0046. As a resist mask used for the photolithography 
process, one having a perpendicular shape can be used. After 
performing the first etching, the resist mask is peeled to be 
found that a reaction product due to the etching is attached 
to a side wall of a pattern 116a of the obtained tungsten (W). 
The reaction product is removed by being soaked in a drug 
solution (name of commodity: SPR301) containing oxalic 
acid as its main component at 60° C. for 10 minutes. 
0047 Subsequently, by using the pattern 116a oftungsten 
(W) as a mask, second etching is selectively performed with 
respect to tantalum nitride (TaN) (x>0). At this time, 
etching is preferably performed on a condition of high 
etching selectivity of tantalum nitride (TaN) and the first 
insulating film 114 So as not to etch the first insulating film 
114. In addition, the etching is also performed on a condition 
of high etching selectivity of tantalum nitride (TaN) and 
tungsten (W) so as not to etch tungsten (W). An example of 
the second etching condition is as follows: a Cl gas is used; 
electric power of 1000 W is supplied to a coiled electrode 
with pressure of 2.00 Pa to generate plasma; electric power 
of 50 W is applied to the substrate side (the sample stage); 
and a temperature of the sample stage is set to be -10° C. 
0.048. By second etching, a pattern 116b of tantalum 
nitride (TaN) is obtained, and then the electrode 116 having 
approximately perpendicular shape is formed by combining 
the pattern 116b and the pattern 116a of tungsten (W). This 
electrode 116 serves as a gate electrode or a gate wiring. In 
a case where a sidewall is not formed later, a shape of the 
electrode 116 is not limited to the perpendicular shape. One 
or both of the pattern 116a of tungsten (W) and the pattern 
116b of tantalum nitride (TaN) may be formed to have a 
taper shape. 
0049 Dry etching is used as etching in this embodiment 
mode. The etching can be performed by using an ICP 
(Inductively Coupled Plasma) etching method. 
0050. Next, the island-shape film 113 containing silicon 
as its main component is doped with an impurity element 
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imparting P-type or N-type conductivity (FIG. 1B). In this 
embodiment mode, phosphorus (P) that is an impurity 
element imparting N-type conductivity is added to the 
island-shape film 113 containing silicon as its main compo 
nent through the first insulating film 114; therefore, a low 
concentration impurity region 113a is formed. A concentra 
tion of an impurity element imparting N-type conductivity in 
the law concentration impurity region 113a is set to be 
1x10 to 1x10/cm (preferably, 1x10' to 5x10'7/cm). As 
a doping method of an impurity element, an ion doping 
method or an ion implanting method can be used. Instead of 
phosphorus, arsenic (AS) may be used. 

0051. Then, a second insulating film is formed to cover 
the first insulating film 114 and the electrode 116. In this 
embodiment mode, the second insulating film is formed by 
forming a silicon oxide film containing nitrogen (SiO.N.) 
(x>y>0) with a thickness of about 100 nm by a plasma CVD 
method, and then forming a silicon oxide film (SiO) (x>0) 
with a thickness of about 200 nm by a thermal CVD method. 
0052 Next, the second insulating film is selectively 
etched by anisotropic etching mainly in a perpendicular 
direction to form insulators 117 in contact with side surfaces 
of the electrode 116 (FIG. 1C). In a process of forming the 
insulators 117, a top surface of the electrode 116 is exposed. 
However, in a case where an insulating film used as a mask 
is formed over the electrode 116, the top surface of the 
electrode 116 may not be exposed. The insulators 117 on the 
side surfaces of the electrode 116 become a sidewall, which 
can be formed to have width of 10 to 300 nm. 

0053. These insulators 117 are formed so as to provide 
both of the low concentration impurity region 113a and a 
high concentration impurity region described below in the 
island-shape film 113 containing silicon as its main compo 
nent. This insulators 117 are not always needed to be 
formed, but may be formed as needed. In a case where the 
low concentration impurity region 113a is not formed, the 
insulator 117 is not needed. 

0054 By the process of forming the insulators 117, part 
of the first insulating film 114 is also removed to be an 
insulating film 118 as shown in FIG. 1C, and then part of the 
island-shape film 113 containing silicon as its main compo 
nent (part of the low concentration impurity region 113a) is 
exposed. This exposed portion is to be a source region and 
a drain region afterwards. The insulating film 118 serves as 
a gate insulating film. In a case where etching selectivity of 
the first insulating film 114 and the low concentration 
impurity region 113a is low, the low concentration impurity 
region 113a that is the exposed position has a thin film 
thickness due to overetching. 
0055. Thereafter, as shown in FIG. 1D, the island-shape 
film 113 containing silicon as its main component (the low 
concentration impurity region 113a) is doped with an impu 
rity element imparting P-type or N-type conductivity by 
using the electrode 116, the insulators 117, and the insulating 
film 118 as a mask to form high concentration impurity 
region 113b. This high concentration impurity region 113b 
corresponds to a source region and a drain region. In this 
embodiment mode, phosphorus is used as the impurity 
element. 

0056 FIG. 2 shows concentration distribution (a depth 
profile) in a depth direction of phosphorus in silicon, where 
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a horizontal axis indicates depth from a silicon Surface that 
is doped, and a vertical axis indicates a concentration of 
phosphorus. In order to obtain concentration distribution of 
FIG. 2, there are two doping conditions. One condition 
(hereinafter, referred to as a “condition A' in the present 
specification) is as follows: a using gas is one diluting PH 
(phosphine) to have a concentration of 5%; a gas flow rate 
is 40 sccm; an accelerating Voltage is 10 kV; a current 
density is 5.0 LA; and dose amount is 3.0x10"/cm. The 
other condition (hereinafter, referred to as a “condition B” in 
the present specification) is as follows: a using gas is one 
diluting PH (phosphine) to have a concentration of 5%; a 
gas flow rate is 40 sccm; an accelerating Voltage is 20 kV. 
a current density is 5.0 LA; and dose amount is 3.0x10"/ 
cm. 

0057. In FIG. 2, the “condition A' in which an acceler 
ating voltage is 10 kV is indicated by a solid line, and the 
“condition B in which an accelerating voltage is 20 kV is 
indicated by a broken line. When the depth becomes deeper 
than 20 nm, a concentration of phosphorus in the “condition 
A' is remarkably reduced more than that in the “condition 
B". In the “condition A", a region of which depth is deeper 
than 30 nm has a concentration of phosphorus of 1x10/ 
cm or less. On the other hand, in the “condition B”, a region 
of which depth is shallower than 45 nm has a concentration 
of phosphorus of more than 1x10"/cm. 
0.058. In this embodiment mode, as a doping condition of 
phosphorus for forming the high concentration impurity 
region 113b, the “condition A' in which an accelerating 
voltage is 10 kV is adopted. 
0059. Then, the impurity element subjected to doping is 
activated by performing heat treatment or the like. Activa 
tion may be performed after forming an interlayer insulating 
film 120 having a single-layer structure described below or 
after forming a first layer or a second layer of the interlayer 
insulating film 120 having a stacked-layer structure. As a 
method for activation, irradiation of laser light, RTA, heat 
treatment using a furnace at 550°C. or less for four hours or 
less, or the like can be used. It is to be noted that this 
activation is needed to be performed on a condition that 
concentration distribution in the depth direction of phospho 
rus contained in the high concentration impurity region 113b 
is not uniformed. 

0060. The interlayer insulating film 120 with a thickness 
of 600 nm or more is formed to cover at least the high 
concentration impurity region 113b that is part of the island 
shape film 113 containing silicon as its main component and 
the electrode 116 (FIG. 3A). The interlayer insulating film 
120 is formed using an organic material or an inorganic 
material. The interlayer insulating film 120 may have a 
single-layer structure or a stacked-layer structure having 
two-layer or three-layer. In this embodiment mode, a 
stacked-layer structure having three-layer with a silicon 
nitride film interposed between silicon oxide films contain 
ing nitrogen (SiON) (x>y>0) is used for the interlayer 
insulating film 120. 
0061. In the interlayer insulating film 120, a contact hole 
121 for exposing at least part of the high concentration 
impurity region 113b are formed by dry etching (FIG. 3B). 
At the same time as forming the contact hole 121, a contact 
hole for exposing at least part of the electrode 116, which is 
not illustrated, may be formed in the interlayer insulating 
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film 120. However, it should be noted that depth of overetch 
ing with respect to the electrode 116 is concerned. 

0062. In this embodiment mode, dry etching for forming 
the contact hole 121 is performed through three steps. A gas 
used for dry etching in this embodiment mode is a mixed gas 
of helium (He) and CHF; however, a mixed ratio of the gas 
in each step is different. In a first step, a mixed ratio is set 
to be CHF/He=50 sccm/100 sccm, and plasma is generated 
with pressure of 5.5 Pa. In a second step, a mixed ratio is set 
to be CHF/He=7.5 sccm/142.5 sccm, and the interlayer 
insulating film 120 is etched so as to have a remaining film 
thickness of about 200 nm with the same pressure as that of 
the first step. In a third step, a mixed ratio is set to be 
CHF/He=48 sccm/152 sccm in order to adopt a condition of 
high etching selectivity of the interlayer insulating film 120 
and the high concentration impurity region 113b, and the 
contact hole 121 is finally formed with the same pressure as 
that of the first step and the second step. 

0063. In this embodiment mode, a time required for the 
third step is set to be longer than that of the first step and the 
second step, and overetching is performed in the third step. 
Hereinafter, the above three steps are referred to as a 
“condition C in the present specification. As a gas used for 
this “condition C", another gas CF (X and Y are positive 
integer number) instead of CHF, for example, CF can be 
used, and another rare gas instead of helium, for example, 
argon (Ar) can be used. 
0064 Subsequently, a conductive layer having a stacked 
layer structure of a layer containing titanium (Ti) as its main 
component and a layer containing aluminum (Al) as its main 
component thereover is formed in the contact hole 121 by a 
sputtering method so that wiring or electrodes 122 are 
formed through a photolithography process (FIG. 3C). In 
Such a manner, a TFT is manufactured. Instead of titanium, 
a metal Such as copper (Cu), molybdenum (Mo), tantalum 
(Ta), or tungsten (W), which has higher melting point than 
aluminum, can be used. In addition, the stacked-layer struc 
ture may include conductive metal nitride and be formed 
without using the layer containing aluminum as its main 
component. The wiring or the electrode 122 is electrically 
connected to the high concentration impurity region 113b. In 
a case where the contact hole, which is not illustrated, for 
exposing at least part of the electrode 116 is formed, a wiring 
that is electrically connected to the electrode 116 is formed 
by concurrently forming the above conductive layer in the 
contact hole. 

0065 FIG. 4A shows a cross-section of a portion in 
which the high concentration impurity region 113b that is 
formed by doping the film containing silicon as its main 
component with phosphorus on the “condition A' and the 
wiring or the electrode 122 are connected through the 
contact hole formed on the “condition C in the interlayer 
insulating film 120, which is observed by an electron micro 
Scope. As a result of overetching informing the contact hole, 
the high concentration impurity region 113b has a thickness 
of about 40 nm in a first region that is a deeper portion than 
a portion in contact with the wiring or the electrode 122 (a 
bottom surface of the contact hole). The high concentration 
impurity region 113b has a thickness of about 62 nm in a 
second region except for the first region. Therefore, the high 
concentration impurity region 113b is overetched to depth of 
about 22 nm. This depth of about 22 nm by overetching of 
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the high concentration impurity region 113b corresponds to 
40% or less of the above thickness of about 62 nm of the 
high concentration impurity region 113b. Sheet resistance of 
the high concentration impurity region 113b is 320 to 
340.2/square. 

0.066 FIG. 4B shows a measurement result of contact 
chain resistance of an element that has a contact structure of 
the film containing silicon as its main component doped with 
phosphorus on the “condition A' and a wiring or an elec 
trode having a stacked-layer structure made of the same 
material as the wiring or the electrode 122. In the present 
specification, the contact chain resistance refers to a resis 
tance value of an element (contact chain) in which 1000 
pieces of contact structures of a conductor and a semicon 
ductor, conductors, or semiconductors are connected in 
series. Accordingly, a one-1000th of a value of contact chain 
resistance as shown in FIG. 4B corresponds to resistance of 
a piece of a contact chain of the film containing silicon as its 
main component doped with phosphorus on the “condition 
A” and the wiring or the electrode, which is calculated to be 
14092 or more and 17092 or less. This result shows low 
resistance and small variation. In FIG. 4B, a horizontal axis 
indicates Substrates each having a contact chain, which are 
different from each other, and a vertical axis indicates a 
measurement result of contact chain resistance in plural 
portions with respect to the contact chains each of which is 
formed over the substrate. 

0067 By referring to FIG.2, concentration distribution of 
phosphorus contained in the high concentration impurity 
region 113b as shown in FIG. 4A is estimated as flows: a 
concentration of phosphorus in a region of which depth from 
a surface not overetched is up to 22 nm (a shallower region 
than depth of 22 nm) is 4x10'/cm or more and 1x10/cm 
or less; a concentration of phosphorus in a Surface 
overetched (a portion in contact with the wiring or the 
electrode 122) is about 4x10'/cm; and a concentration of 
phosphorus in a region of which depth is deeper than 22 nm 
is lower than 4x10'/cm. 

0068 Accordingly, it is considered that the high concen 
tration impurity region 113b in a region having a concen 
tration of phosphorus of 4x10'/cm or more and 1x10/ 
cm or less easily disappears by overetching in dry etching, 
while the high concentration impurity region 113b in a 
region having a concentration of phosphorus of lower than 
4x10'/cm, in particular, 1x10'/cm or less (0/cm is a 
lower limit) is hardly overetched in dry etching. 
0069. In such a manner, depth of overetching can be 
controlled by controlling depth direction distribution of a 
concentration of an impurity element such as phosphorus 
contained in a semiconductor film. 

0070 A result by an experiment is shown, which is 
confirmed that an etching rate of a semiconductor film by 
dry etching is changed depending on a concentration of 
phosphorus in the semiconductor film and dose amount in a 
case of doping the semiconductor film with phosphorus. It is 
to be noted that Small etching rate indicates that the semi 
conductor film is hardly etched. 
0071. A sample for performing dry etching is a film 
containing silicon as its main component, which is doped 
with phosphorus, formed over a Substrate and a film con 
taining silicon as its main component, which is not doped 
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with phosphorus, formed over the substrate. A sample doped 
with phosphorus is subjected to heat treatment at 850° C. for 
2 hours after doping in order to uniform concentration 
distribution of phosphorus in the film containing the silicon 
as its main component, in particular, in a depth direction. 
Doping of phosphorus is performed on conditions of three 
patterns in which only dose amount is different from each 
other. Each of the does amounts of the three patterns is 
7x10"/cm, 7x10''/cm, and 7x10"/cm. A concentration 
of phosphorus in the film containing silicon as its main 
component after heat treatment was measured by SIMS (a 
secondary ion mass spectrometry method). As a result, a 
concentration of phosphorus was about 1x10'/cm in a 
sample doped by the dose amount of 7x10'/cm, about 
1x10/cm in a sample doped by dose amount of 7x10"/ 
cm, and about 1x10'/cm in a sample doped by does 
amount of 7x10'/cm. 

0072 Dry etching using a mixed gas of helium and CHF 
was performed for 2 minutes with respect to the sample to 
form a contact hole. Depth of the formed contact hole was 
about 10 nm in a sample that is not doped with phosphorus, 
about 17.4 nm in a sample that is doped with phosphorus by 
dose amount of 7x10"/cm, about 20.9 nm in a sample that 
is doped with phosphorus by dose amount of 7x10"/cm, 
and about 25.5 nm in a sample that is doped with phosphorus 
by dose amount of 7x10"/cm. This result shows that an 
etching rate becomes Smaller as a concentration of phos 
phorus in the film containing silicon as its main component 
becomes lower, and a sample that is not doped with phos 
phorus has the Smallest etching rate. 

0073. As described above, an example of manufacturing 
a TFT is mentioned in this embodiment mode; however, an 
invention disclosed in the present specification can be 
applied to a semiconductor element other than the TFT. For 
example, an electric-field effect transistor using a silicon 
Substrate can be manufactured. In this case, a base insulating 
film 112 and an island-shape film 113 containing silicon as 
its main component are not provided. In a case where a 
P-type silicon substrate is used as a substrate 111, the silicon 
Substrate is doped with an impurity element imparting 
N-type conductivity to form a high concentration impurity 
region 113b (a source region and a drain region). In addition, 
a low concentration impurity region 113a may be formed in 
contact with the high concentration impurity region 113b. 
When the high concentration impurity region 113b is 
formed, a concentration of an impurity element imparting 
N-type conductivity contained in a deeper region than 
predetermined depth of the high concentration impurity 
region 113b is set to be 1x10'/cm or less. 

Comparative Example 

0074. A case of performing doping of phosphorus on the 
“condition B in which an accelerating voltage described in 
Embodiment Mode 1 is 20 kV, is shown. FIG. 5A shows a 
photograph of a cross-section of a portion in which a high 
concentration impurity region 513b where a film containing 
silicon as its main component is doped with phosphorus on 
the “condition B and a wiring or an electrode 522 are 
connected through a contact hole in an interlayer insulating 
film 520, which is observed by an electron microscope. This 
comparative example has only one difference from Embodi 
ment Mode 1 where doping of phosphorus is performed on 
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the “condition B' instead of the “condition A' in which an 
accelerating voltage described in Embodiment Mode 1 is 10 
kV. 

0075. The high concentration impurity region 513b has 
an extremely thin thickness in a first region that is deeper 
than a portion in contact with the wiring or the electrode 522 
due to excessive etching in forming the contact hole. The 
thickness of the first region is less than 50% of a film 
thickness before forming the contact hole. The high con 
centration impurity region 513b has a thickness of about 60 
nm in a second region except for the first region. Sheet 
resistance of the high concentration impurity region 513b is 
190 to 21092/square, which is lower than the sheet resistance 
of the high concentration impurity region 113b in Embodi 
ment Mode 1. This result is due to a difference of concen 
tration distribution of phosphorus. 

0.076 FIG. 5B shows a measurement result of contact 
chain resistance of an element that has a contact structure of 
the film containing silicon as its main component doped with 
phosphorus on the “condition B' and the wiring and the 
electrode 522. The contact chain resistance shown in FIG. 
5B shows much higher value than that in FIG. 4B, and the 
contact chain resistance of FIG. 5B has large variation. This 
result intends that the “condition B is inappropriate to be 
practical use even if the high concentration impurity region 
513b has an advantage of small sheet resistance as described 
above. In FIG. 5(B), a horizontal axis indicates substrates 
each having a contact chain, which are different from each 
other, and a vertical axis indicates measurement results of 
contact chain resistance in plural portions with respect to the 
contact chains each of which is formed over the substrates. 

0077. By referring to FIG.2, concentration distribution of 
phosphorus contained in the high concentration impurity 
region 513b shown in FIG. 5A is estimated as follows: a 
concentration of phosphorus in a region of which depth from 
a surface not overetched is up to 45 nm (a shallower region 
than depth of 45 nm) is more than 1x10/cm to 1x10'/cm 
or less; and a concentration of phosphorus of a Surface 
overetched (a portion in contact with the wiring or the 
electrode 522) is 1x10'/cm to 2x10/cm. 
0078. Accordingly, the high concentration impurity 
region 513b in the region having a concentration of phos 
phorus of more than 1x10' to 1x10''/cm or less, easily 
disappears by overetching in dry etching. However, it is 
considered that the high concentration impurity region 513b 
in the region having a concentration of phosphorus of 
1x10/cm or less (0/cm is a lower limit), is hardly 
overetched in dry etching 
0079 A result of this comparative example shows that, in 
a case where the film containing silicon as its main compo 
nent doped with phosphorus on the “condition B has a film 
thickness of 45 nm or less, the film has a high possibility to 
disappearby over etching. When the film disappears in Such 
a manner, contact chain resistance becomes much larger than 
a value shown in FIG. 5B. 

0080. It is considered that a reason why depth of 
overetching in Embodiment Mode 1 and this comparative 
example are different from each other. There is only one 
difference of accelerating Voltages in the case of doping of 
phosphorus in processes of Embodiment Mode 1 and this 
comparative example. However, due to a difference of the 
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accelerating Voltages, concentration distribution of phos 
phorus has a difference as shown in FIG. 2. 
0081. In Embodiment Mode 1, the high concentration 
impurity region 113b has the largest concentration of phos 
phorus in the vicinity of depth of 10 nm. In the region that 
is deeper than depth of 10 nm, the concentration of phos 
phorus becomes lower. In a region that is in the vicinity of 
depth of 20 nm, the concentration of phosphorus becomes 
about 5x10'/cm. In a region that is deeper than depth of 30 
nm, the concentration of phosphorus becomes 1x10"/cm 
or less. In this case, as the region is deeper than 10 nm where 
the concentration of phosphorus is reduced, etching selec 
tivity of the interlayer insulating film 120 and the high 
concentration impurity region 113b becomes higher. In other 
words, since an etching rate of the high concentration 
impurity region 113b becomes Small, etching is Suppressed. 
Accordingly, overetching of the high concentration impurity 
region 113b is stopped at depth of about 22 nm. 
0082 On the other hand, in the case of this comparative 
example, the high concentration impurity region 513b has 
the largest concentration of phosphorus in the vicinity of 
depth of 20 nm. The concentration of phosphorus finally 
begins to become lower in a deeper region than depth of 20 
nm, however, the concentration is reduced more gradually 
than the case of Embodiment Mode 1. Thus, etching selec 
tivity of the interlayer insulating film 520 and the high 
concentration impurity region 513b is low differing from the 
case of Embodiment Mode 1, and etching of the high 
concentration impurity region 513b is not suppressed. 
Accordingly, a problem that the high concentration impurity 
region 513b is overetched to be further deeper than depth of 
22 nm is caused. 

Embodiment Mode 2 

0083. This embodiment mode shows an example of 
manufacturing a TFT by a different method from that of 
Embodiment Mode 1. 

0084 Doping for forming a high concentration impurity 
region (a source region and a drain region) in a region of a 
semiconductor film that is opened by a contact hole is 
performed not before forming the contact hole but after 
forming the contact hole. Consequently, etching selectivity 
of an interlayer insulating film and the semiconductor film 
becomes high, and etching can be easily stopped at an 
interface thereof. That is, in a case of forming the contact 
hole, the interlayer insulating film can be completely 
removed without overetching of the semiconductor film. A 
specific example is explained below. 
0085. In accordance with Embodiment Mode 1, the pro 
cesses are performed, which are up to exposing part of the 
island-shape film 113 containing silicon as its main compo 
nent (part of the low concentration impurity region 113a) as 
shown in FIG. 1C. Part of the exposed region, in other 
words, a region that is opened by a contact hole later, is 
covered with a mask Such as a resist mask. Then, the 
island-shape film 113 containing silicon as its main compo 
nent is doped with phosphorous on the “condition B 
adopted in the comparative example to form a high concen 
tration impurity region 613.b (FIG. 6A). On the other hand, 
the high concentration impurity region 613b is not formed in 
the region covered with the mask Such as a resist mask. In 
order to lower sheet resistance of the high concentration 
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impurity region 613b, doping of phosphorus is performed on 
the “condition B. Doping may be performed on the “con 
dition A' adopted in Embodiment Mode 1 instead of the 
“condition B'. Thereafter, the used mask such as a resist 
mask is removed to form the interlayer insulating film 120 
described in Embodiment Mode 1. 

0.086 Dry etching is performed to the interlayer insulat 
ing film 120 to form a contact hole 621 (FIG. 6B). In this 
point, the high concentration impurity region 613b is not 
formed in a bottom surface of the contact hole 621. In this 
embodiment mode, dry etching is performed on the condi 
tion of high etching selectivity of the interlayer insulating 
film 120 and the island-shape film 113 containing silicon as 
its main component (the low concentration impurity region 
113a). For example, a mixed gas of helium (He) and CHF 
is used, and a mixed ratio is set to be CHF/He=56 sccm/144 
sccm to perform dry etching with pressure of 7.5 Pa. The 
required time for the third step of “condition C described in 
Embodiment Mode 1 may be shortened to perform dry 
etching without overetching of the island-shape film 113 
containing silicon as its main component (the low concen 
tration impurity region 113a). In a case where the contact 
hole 621 is formed to have a size for exposing all regions 
where the high concentration impurity region 613b shown in 
FIG. 6C is formed, the above process in which the region is 
covered with a mask Such as a resist mask and doped with 
phosphorus is not needed. 

0087. In addition, in order to form the high concentration 
impurity region 613b in the island-shape film 113 containing 
silicon as its main component (the low concentration impu 
rity region 113a) through the contact hole 621, doping of 
phosphorus is performed on the “condition B (FIG. 6C). 
Doping may be performed on the “condition A' instead of 
the “condition B. Thereafter, an impurity element subjected 
to doping is activated. 
0088. Then, a wiring or an electrode 122 described in 
Embodiment Mode 1 is formed in the contact hole 621 (FIG. 
6D). 
0089. In this embodiment mode, though the processes are 
complicated as compared to those of Embodiment Mode 1, 
doping of phosphorus can be performed on the “condition 
B'. Therefore, sheet resistance of the high concentration 
impurity region 613b can be lowered, and the high concen 
tration impurity region 613b is not overetched. However, in 
also this embodiment mode, the contact hole 621 may be 
formed so that the high concentration impurity region 613b 
is overetched as similarly to Embodiment Mode 1. 

Embodiment 1 

0090. As a display device manufactured by using a TFT 
of an invention disclosed in the present specification, an 
example of a liquid crystal display device and an electrolu 
minescence display device is shown. Hereinafter, an elec 
troluminescence display device is referred to as an EL 
display device in the present specification. 

0.091 FIG. 7 shows an example of a cross-section of a 
liquid crystal display device. A liquid crystal layer 704 is 
interposed between a first substrate 701 and a second 
substrate 702, and these substrates are bonded to each other 
with a sealing material 700. At least a pixel portion 703 is 
formed over the first substrate 701, and at least a coloring 
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layer 705 is formed over the second substrate 702 by a 
printing method or the like. The coloring layer 705 is needed 
for color display. When using a RGB method, coloring 
layers corresponding to each color of red, green, and blue are 
provided corresponding to each pixel. Polarizing plates 706 
and 707 are respectively provided on external sides of the 
first substrate 701 and the second substrate 702. Further, a 
protective film 716 is formed on a surface of the polarizing 
plate 707 to relieve impact from the outside. 
0092 ATFT that is a semiconductor element is formed 
corresponding to each pixel in the pixel portion 703, where 
a TFT of an invention disclosed in the present specification 
can be applied thereto. Thus, the TFT in each pixel normally 
operates without operation defects; therefore, defects of a 
display image Such as a point defect and a line defect can be 
reduced. 

0093. A connecting terminal 708 provided over the first 
substrate 701 is connected to a wiring board 710 through an 
FPC 709. A driver circuit 711 (such as an IC chip) is 
provided over the FPC 709 or a connecting wiring, and 
external circuits 712 such as a control circuit and a power 
supply circuit are provided over the wiring board 710. 
0094) A cold-cathode tube 713, a reflector 714, and an 
optics film 715 are a backlight unit, which becomes a light 
source. The first substrate 701, the second substrate 702, the 
above light source, the wiring board 710, and the FPC 709 
are held and protected by bezels 717. 
0.095 FIGS. 8A to 8C show schematic views of a display 
device Such as a liquid crystal display device or an EL 
display device seen from a top. 
0096. In FIG. 8A, a pixel portion 801 in which a plurality 
of pixels 802 is arranged in matrix, a scanning line input 
terminal 803, and a signal line input terminal 804 are formed 
over a substrate 800. The pixels 802 are arranged in matrix 
by intersecting a scanning line extended from the scanning 
line input terminal 803 and a signal line extended from the 
signal line input terminal 804. Each of the plurality of pixels 
802 is provided with a TFT that is a switching element and 
a pixel electrode. FIG. 8A shows an example in which a 
signal inputted into the scanning line and the signal line is 
controlled by a driver circuit connected to an external 
portion of the Substrate through the scanning line input 
terminal 803 and the signal line input terminal 804. How 
ever, a COG method in which a driver circuit is formed over 
a Substrate may be employed. 
0097 FIG. 8B shows an example in which a pixel portion 
811 and a scanning line driver circuit 812 are formed over 
a substrate 810. Reference numeral 814 denotes a signal line 
input terminal similar to that of FIG. 8A. Further, FIG. 8C 
shows an example in which a pixel portion 821, a scanning 
line driver circuit 822, and a signal line driver circuit 824 are 
formed over a substrate 820. 

0098. The scanning line driver circuit 812 shown in FIG. 
8B, the scanning line driver circuit 822, and the signal line 
driver circuit 824 shown in FIG. 8C are formed by TFTs and 
can be formed concurrently with TFTs provided in a pixel 
portion. However, since the Scanning line driver circuit and 
the signal line driver circuit are required to have high-speed 
operation, a TFT in which a crystalline semiconductor film 
instead of an amorphous semiconductor film is used in a 
channel formation region may be adopted as TFTs used for 
these circuits. 
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0099. A TFT of an invention disclosed in the present 
specification is adopted to the scanning line driver circuit 
812 shown in FIG. 8B, the scanning line driver circuit 822 
and the signal line driver circuit 824 shown in FIG. 8C as 
well as the pixel portions shown in FIGS. 8A, 8B, and 8C, 
whereby a yield can be improved. 

0100 FIG. 9 shows an example of a cross-section of an 
EL display device. This EL display device has a terminal 
portion 900, a driver circuit portion 901, and a pixel portion 
902. The driver circuit portion 901 includes a P-channel TFT 
910 and an N-channel TFT 911. The pixel portion 902 
includes a switching TFT 912 and a driver TFT 913. The 
driver circuit portion 901 and the pixel portion 902 are 
formed over the same substrate. 

0101 FIG.9 shows a so-called multi-gate structure as the 
switching TFT 912 and the driver TFT 913, of which 
purpose is to reduce an off-current of the TFT. For example, 
the switching TFT 912 can be made to be an N-channel TFT, 
and the driver TFT 913 can be made to be a P-channel TFT. 
A gate electrode of the switching TFT 912 is electrically 
connected to a scanning line. An electrode or a wiring, which 
is connected to a source region or a drain region of the 
switching TFT 912 through a contact hole, is electrically 
connected to a signal line. 
0102) An electrode or a wiring, which is connected to a 
source region or a drain region of the driver TFT 913 
through a contact hole provided in an interlayer insulating 
film, is electrically connected to a light emitting element 914 
in which an anode, a cathode, and a light emitting layer 
interposed therebetween are stacked. FIG. 9 shows a struc 
ture in which the electrode or the wiring is provided over the 
interlayer insulating film, another interlayer insulating film 
is provided thereover, and the light emitting element 914 is 
provided thereover. However, an invention of the present 
specification is not necessary to be limited to this structure. 
A transparent conductive film such as an ITO (Indium Tin 
Oxide) film can be used in one or both of the cathode and the 
anode of the light emitting element 914. The transparent 
conductive film is formed by a sputtering method or a 
printing method (a droplet discharging method such as 
inkjet, a screen printing method, or the like). A material for 
forming the transparent conductive film is not limited to the 
above ITO, and another material having a light transmitting 
property and conductivity may be used. By using the trans 
parent conductive film in both of the cathode and the anode, 
light ejected from a light emitting layer can be emitted to an 
upward direction and a downward direction. Therefore, an 
image can be seen from the both directions of a top surface 
and a back surface of the EL display device. 
0103 A TFT of an invention disclosed in the present 
specification can be applied to the pixel portion 902. Con 
sequently, defects of a display image Such as a point defect 
and a line defect can be reduced similarly to the case of the 
liquid crystal display device. Further, by applying this TFT 
to the driver circuit portion 901 as well as the pixel portion 
902, a yield can be improved. 

0104. A display device shown in this embodiment is 
mounted on various electronic devices. As examples of Such 
electronic devices, TV sets, cameras (such as video cameras 
and digital cameras), navigation systems, audio reproducing 
devices (such as car audios and audio component sets), 
personal computers, game machines, portable information 
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terminals (such as mobile computers, mobile phones, por 
table game machines, or electronic books), image reproduc 
ing devices provided with a recording medium (specifically, 
a device for reproducing the content of a recording medium 
such as a digital versatile disc (DVD) and provided with a 
display device for displaying the reproduced image), and the 
like can be given. The display device shown in this embodi 
ment is mounted on a display portion or the like of these 
electronic devices. 

0105 FIG. 10A shows an example of a TV set, which 
includes a chassis 1001, a display portion 1002, a speaker 
1003, an operation portion 1004, a video input terminal 
1005, and the like. A display device such as a liquid crystal 
display device or an EL display device, which is manufac 
tured by using a TFT of an invention disclosed in the present 
specification, is applied to the display portion 1002. 
0106 FIG. 10B and FIG. 10C show an example of a 
digital camera. FIG. 10B is a front view of the digital 
camera, and reference numeral 1011 denotes a release but 
ton; 1012, a main switch; 1013, a viewfinder; 1014, a 
stroboscope: 1015, a lens; and 1016, a chassis. FIG. 10C is 
a back view of the digital camera, and reference numeral 
1017 denotes a viewfinder eyepiece window; 1018, a display 
portion; 1019, an operating button; and 1020, an operating 
button. A display device Such as a liquid crystal display 
device or an EL display device, which is manufactured by 
using a TFT of the invention disclosed in the present 
specification, is applied to the display portion 1018. 
0.107 FIG. 10D shows an example of a mobile phone, 
which includes a main body (A) 1021 provided with opera 
tion switches 1024, a microphone 1025, and the like, and a 
main body (B) 1022 provided with a display panel (A) 1028, 
a display panel (B) 1029, a speaker 1026, and the like. The 
main body (A) 1021 and the main body (B) 1022 are 
connected with a hinge 1030 so that the mobile phone can 
be opened or folded. The display panel (A) 1028 and the 
display panel (B) 1029 are incorporated into a chassis 1023 
of the main body (B) 1022 together with a circuit substrate 
1027. Pixel portions of the display panel (A) 1028 and the 
display panel (B) 1029 are arranged so as to be seen from an 
open window formed in the chassis 1023. A display device 
Such as a liquid crystal display device or an EL display 
device, which is manufactured by using a TFT of an inven 
tion disclosed in the present specification, is applied to the 
display panel (A) 1028 and the display panel (B) 1029. 
0108. The specifications of the display panel (A) 1028 
and the display panel (B) 1029 such as the number of pixels 
can be appropriately set in accordance with a function of this 
mobile phone. For example, the display panel (A) 1028 and 
the display panel (B) 1029 can be used in combination so as 
to be used as a main display screen and a sub-display screen, 
respectively. 
0.109. By using such a display panel, the display panel 
(A) 1028 can be a high-definition color display screen 
displaying characters and an image, and the display panel 
(B) 1029 can be a unicolor information display screen 
displaying character information. Especially, by making the 
display panel (B) 1029 an active matrix type and having 
high-definition, a variety of character information can be 
displayed and an information display density per one screen 
can be improved. For example, the display panel (A) 1028 
can be set with 2 to 2.5 inches, 64 grayscales, and 260,000 
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colors QVGA (320 dotsx240 dots), and the display panel (B) 
1029 can be set as a high-definition panel with 180 to 220 
ppi, and unicolor from 2 to 8 grayscales, so as to display 
alphabets, hiragana, katakana, numeric characters, Chinese 
characters, and the like. 

0110. The mobile phone of this embodiment can be 
changed into various modes in accordance with the function 
or applications. For example, by incorporating an imaging 
element into the hinge 1030, a mobile phone equipped with 
a camera may be provided. In addition, the mobile phone 
may have a structure in which the operation switches 1024, 
the display panel (A) 1028, and the display panel (B) 1029 
are incorporated into one chassis. 

0111. This embodiment can be implemented by combin 
ing with Embodiment Mode 1 and Embodiment Mode 2. 

Embodiment 2 

0112 A transistor of an invention disclosed in the present 
specification can be used for a semiconductor device Such as 
an integrated circuit device or a non-contact integrated 
circuit device (it may be referred to as a wireless IC tag or 
an RFID (Radio Frequency Identification) tag). By attaching 
the non-contact integrated circuit device (hereinafter, 
referred to as a wireless IC tag in the present specification) 
to various electronic devices as shown in Embodiment 1, a 
distribution channel or the like of the electronic device can 
be made to be clear. 

0113 FIG. 11A and FIG. 11B show block diagrams of an 
example of a wireless IC tag. A wireless IC tag 1100 can 
communicate data wirelessly, which includes a power Sup 
ply circuit 1101, a clock generation circuit 1102, a data 
demodulation/modulation circuit 1103, a control circuit 
1104, an interface circuit 1105, a memory circuit 1106, a bus 
1107, and an antenna 1108. FIG. 11B shows a wireless IC tag 
provided with an CPU 1121 in addition to content of the 
wireless IC tag of FIG. 11A. 
0114. The power supply circuit 1101 generates electric 
power Supply based on an alternating current signal inputted 
from the antenna 1108. The clock generation circuit 1102 
generates a clock signal based on a signal inputted from the 
antenna 1108. The data demodulation/modulation circuit 
1103 demodulates/modulates data to be communicated with 
a reader/writer 1109. The antenna 1108 receives a signal and 
transmits data. 

0115. As a material forming the antenna 1108, for 
example, gold, silver, copper, aluminum, ferrite, or ceramics 
can be used. As a shape of the antenna 1108, for example, 
a dipole shape, an annular loop shape, a spiral shape, or a flat 
rectangular-patch shape can be used. 

0116. A circuit forming the wireless IC tag 1100 can be 
manufactured by using a transistor of an invention disclosed 
in the present specification. The antenna 1108 is provided to 
be electrically connected to the transistor. The antenna 1108 
can be manufactured together with the transistor over a 
substrate by a combination of a sputtering method or a CVD 
method and a photolithography process, a screen printing 
method in which a photolithography process is unnecessary, 
a droplet discharging method, or the like. Alternatively, a 
ready-made component as the antenna 1108 and a substrate 
over which a transistor is formed are bonded to each other 
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with a conductive paste or the like so that the antenna 1108 
can be electrically connected to the transistor. 
0117. As the memory circuit 1106, a DRAM, an SRAM, 
a mask ROM, an EPROM (Erasable Programmable Read 
Only Memory), an EEPROM (Electrically Erasable Pro 
grammable Read Only Memory), a flash memory, an organic 
memory, or the like can be used. An organic memory has a 
structure in which an organic compound layer is provided 
between a pair of electrodes, or a structure in which a layer 
having an organic compound or an inorganic compound is 
provided between a pair of electrodes. The organic memory 
contributes to the wireless IC tag in which a small, thin 
shape, and lightweight are realized by being applied to the 
memory circuit 1106 of the wireless IC tag. 
0118. Since a manufacturing cost of a wireless IC tag is 
higher than that of the conventional barcode, cost reduction 
is needed. By manufacturing a wireless IC tag by using an 
invention disclosed in the present specification, a yield is 
improved, and then, a wireless IC tag, which has high 
quality and Small variation of performance, can be provided 
at low cost. 

0119 FIGS. 12A to 12E show usage examples of a 
wireless IC tag. The wireless IC tag can be attached to a 
recording medium 1201 itself in which information is 
recorded or a case in which the recording medium 1201 is 
placed, a document 1202, a package 1203 of articles, a 
garment 1204, or goods such as a glass or plastic bottle 
1205, whereby the wireless IC tag can be used for applica 
tion of sales, stock, management of rental and return, 
prevention of loss or theft, collection, and the like. In each 
view of FIGS. 12A to 12E, an example of an attachment 
position 1200 of the wireless IC tag is shown. 
0.120. This embodiment can be implemented by combin 
ing with Embodiment Mode 1, Embodiment Mode 2, and 
Embodiment 1. 

0121 This application is based on Japanese Patent Appli 
cation serial no. 2005-241734 filed in Japan Patent Office on 
Aug. 23 in 2005, the entire contents of which are hereby 
incorporated by reference. 
What is claimed is: 

1. A transistor comprising: 
a semiconductor film including an impurity element 

imparting P-type or N-type conductivity; 

an insulating film formed over the semiconductor film; 
and 

an electrode or a wiring that is electrically connected to 
the semiconductor film through a contact hole formed 
at least in the insulating film, 

wherein the semiconductor film has a first range of a 
concentration of the impurity element that is included 
in a deeper region than predetermined depth, and a 
second range of a concentration of the impurity element 
that is included in a shallower region than the prede 
termined depth, which has a higher concentration than 
the first range, and 

wherein a deeper region than a portion in contact with the 
electrode or the wiring in the semiconductor film is in 
the first range of the concentration of the impurity 
element. 
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2. A transistor according to claim 1, wherein the impurity 
element is phosphorus, and the semiconductor film is a film 
containing silicon as its main component. 

3. A transistor according to claim 1, wherein the first range 
is set to be 1x10'/cm or less, and the second range is set 
to be more than 1x10'/cm and 1x10'/cm or less. 

4. A liquid crystal display device using a thin film 
transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 1. 

5. An electroluminescence display device using a thin film 
transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 1. 

6. An electronic device in which a liquid crystal display 
device using a thin film transistor at least in a pixel is 
mounted, 

wherein the thin film transistor is a transistor described in 
claim 1. 

7. An electronic device in which an electroluminescence 
display device using a thin film transistor at least in a pixel 
is mounted, 

wherein the thin film transistor is a transistor described in 
claim 1. 

8. A semiconductor device using a transistor described in 
claim 1. 

9. A wireless IC tag using a transistor described in claim 
1. 

10. A transistor comprising: 
a source region and a drain region including an impurity 

element imparting P-type or N-type conductivity; 
an insulating film formed over the Source region and the 

drain region; and 
an electrode or a wiring that is electrically connected to 

one of the source region and the drain region through 
a contact hole formed at least in the insulating film, 

wherein the source region and the drain region have a first 
range of a concentration of the impurity element that is 
included in a deeper region than predetermined depth, 
and a second range of a concentration of the impurity 
element that is included in a shallower region than the 
predetermined depth, which has a higher concentration 
than the first range, and 

wherein a deeper region than a portion in contact with the 
electrode or the wiring in one of the source region and 
the drain region is in the first range of the concentration 
of the impurity element. 

11. A transistor according to claim 10, wherein the impu 
rity element is phosphorus, and the Source region and the 
drain region are formed in a silicon Substrate. 

12. A transistor according to claim 10, wherein the first 
range is set to be 1x10"/cm or less, and the second range 
is set to be more than 1x10'/cm and 1x10'/cm or less. 

13. A liquid crystal display device using a thin film 
transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 10. 

14. An electroluminescence display device using a thin 
film transistor at least in a pixel, 
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wherein the thin film transistor is a transistor described in 
claim 10. 

15. An electronic device in which a liquid crystal display 
device using a thin film transistor at least in a pixel is 
mounted, 

wherein the thin film transistor is a transistor described in 
claim 10. 

16. An electronic device in which an electroluminescence 
display device using a thin film transistor at least in a pixel 
is mounted, 

wherein the thin film transistor is a transistor described in 
claim 10. 

17. A semiconductor device using a transistor described in 
claim 10. 

18. A wireless IC tag using a transistor described in claim 
10. 

19. A transistor comprising: 
a semiconductor film in which a source region and a drain 

region including an impurity element imparting P-type 
or N-type conductivity is formed; 

an insulating film formed over the semiconductor film; 
and 

an electrode or a wiring that is electrically connected to 
one of the source region and the drain region through 
a contact hole formed at least in the insulating film, 

wherein the source region and the drain region have a first 
range of a concentration of the impurity element that is 
included in a deeper region than predetermined depth, 
and a second range of a concentration of the impurity 
element that is included in a shallower region than the 
predetermined depth, which has a higher concentration 
than the first range, 

wherein a first region that is deeper than a portion in 
contact with the electrode or the wiring in one of the 
Source region and the drain region is in the first range 
of the concentration of the impurity element, and 

wherein a thickness of the first region is thinner than a 
thickness of a second region except for the first region 
in one of the Source region and the drain region, and 
50% of a thickness of the second region as a lower 
limit. 

20. A transistor according to claim 19, wherein the 
impurity element is phosphorus, and the semiconductor film 
is a film containing silicon as its main component. 

21. A transistor according to claim 19, wherein the first 
range is set to be 1x10'/cm or less, and the second range 
is set to be more than 1x10'/cm and 1x10'/cm or less. 

22. A liquid crystal display device using a thin film 
transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 19. 

23. An electroluminescence display device using a thin 
film transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 19. 

24. An electronic device in which a liquid crystal display 
device using a thin film transistor at least in a pixel is 
mounted, 
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wherein the thin film transistor is a transistor described in 
claim 19. 

25. An electronic device in which an electroluminescence 
display device using a thin film transistor at least in a pixel 
is mounted, 

wherein the thin film transistor is a transistor described in 
claim 19. 

26. A semiconductor device using a transistor described in 
claim 19. 

27. A wireless IC tag using a transistor described in claim 
19. 

28. A transistor comprising: 
a semiconductor film including an impurity element 

imparting P-type or N-type conductivity; 

an insulating film formed over the semiconductor film; 
and 

an electrode or a wiring that is electrically connected to 
the semiconductor film through a contact hole formed 
at least in the insulating film, 

wherein the semiconductor film comprises a first region 
and a second region having a higher impurity concen 
tration than the first region, the first region being deeper 
than the second region, and 

wherein the second region of the semiconductor film just 
under the electrode or the wiring is thinner than a 
portion of the second region, the portion being not 
under the electrode or the wiring. 

29. A transistor according to claim 28, wherein the 
impurity element is phosphorus, and the semiconductor film 
is a film containing silicon as its main component. 
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30. A transistor according to claim 28, wherein a concen 
tration of the impurity element in the first region is set to be 
1x10'/cm or less, and a concentration of the impurity 
element in the second region is set to be more than 1x10/ 
cm and 1x10/cm or less. 

31. A liquid crystal display device using a thin film 
transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 28. 

32. An electroluminescence display device using a thin 
film transistor at least in a pixel, 

wherein the thin film transistor is a transistor described in 
claim 28. 

33. An electronic device in which a liquid crystal display 
device using a thin film transistor at least in a pixel is 
mounted, 

wherein the thin film transistor is a transistor described in 
claim 28. 

34. An electronic device in which an electroluminescence 
display device using a thin film transistor at least in a pixel 
is mounted, 

wherein the thin film transistor is a transistor described in 
claim 28. 

35. A semiconductor device using a transistor described in 
claim 28. 

36. A wireless IC tag using a transistor described in claim 
28. 


