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EXPOSURE MASK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of Us. applica 
tion Ser. No. 11/462,824, ?led Aug. 7, 2006, noW allowed, 
Which claims the bene?t of a foreign priority application ?led 
in Japan as Serial No. 2005-234906 onAug. 12, 2005 both of 
Which are incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an exposure mask, 
and particularly relates to optimal conditions of phase differ 
ence and transmittance of an exposure mask. 
[0004] 2. Description of the Related Art 
[0005] Note that in this speci?cation, a “semiconductor 
device” refers to any device that utiliZes semiconductor char 
acteristics to function, and electro-optical devices, semicon 
ductor circuits and electronic devices are all included in the 
category of the semiconductor device. 
[0006] An active matrix type liquid crystal or an EL display 
technique of utiliZing thin ?lm transistors (TFTs) has been in 
the spotlight in recent years. An active matrix display is 
advantageous compared to a passive matrix display in 
response speed and contrast. 
[0007] For such a semiconductor device having a display, 
various TFTs of Which roles are different have been used 
depending on its use application and function; an LDD 
(Lightly Doped Drain) structure Which realiZes a small off 
current value, a GOLD (Gate Overlapped LDD) structure 
having a region Where a gate electrode and an LDD region are 
overlapped, Which is superior as a measure against hotcarri 
ers, a single-drain structure, and the like have been used. 
[0008] Conventionally, an LDD region and a GOLD region 
have been formed in a self-aligned manner With a gate elec 
trode as a mask, Which is advantageous in that increase in the 
number of photolithography steps can be suppressed. 
[0009] In case, the formation of an LDD structure and a 
GOLD structure is performed by using only a process such as 
dry etching; thus, a single drain structure, an LDD structure, 
and a GOLD structure cannot be formed separately for each 
circuit. 
[0010] Further, in the case of forming an LDD region by 
using a step of forming a spacer (also called a sideWall) on a 
side Wall of a gate electrode, the manufacturing steps Would 
become complex. 
[0011] As a method for solving the above problems, a pho 
tomask or a reticle provided With an assistant pattern (a half 
tone ?lm) having a function of reducing light intensity, Which 
is made of a semi-transparent ?lm is used in a photolithogra 
phy step of forming a gate electrode, thereby transistors hav 
ing an LDD structure, a GOLD structure, and a single-drain 
structure are formed for respective circuits (reference 1 : Japa 
nese Patent Laid-Open No. 2002-151523). Note that such a 
photomask or a reticle provided With a halftone ?lm is called 
an exposure mask (a halftone mask). 
[0012] In the case Where a resist for obtaining a desired gate 
electrode by using the above-mentioned halftone mask, shape 
of the resist depends on the phase difference and the trans 
mittance With respect to exposure light, of the halftone mask. 
Therefore, the transmittance and the phase difference of 
exposure light are required to be controlled. 
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[0013] For example, a shape of a resist required for obtain 
ing a gate electrode With Which an LDD region can be formed 
in a self-aligned manner is a shape Where a central portion of 
the resist has a region With a certain thickness, a region 
including both end portions of the resist has a region With a 
smaller thickness than the central portion, and both the end 
portions have gentle slope. 
[0014] FIG. 12 shoWs a resist shape manufactured by using 
a halftone mask formed in such a condition that the transmit 
tance of i-line (365 nm), n:0.2 (or also de?ned as T:20%), 
and the phase difference of i-line, (Av):l30°. As indicated by 
arroWs, both end portions of the resist are convex. When a 
conductive layer is etched using the resist shoWn in FIG. 12 to 
form a gate electrode, the conductive layer becomes thick 
locally under the convex portion. As a result, in a doping step 
to a semiconductor layer Which is performed after the forma 
tion of the gate electrode, the carrier concentration in a semi 
conductor layer provided in a layer under the locally-thick 
conductive layer is locally changed. 
[0015] The folloWing is considered as a reason thereof; 
exposure light Which transmits through a transparent region 
of the halftone mask and exposure light Which transmits 
through a halftone ?lm (semi-transparent region), interfere 
With each other, and intensity of the exposure light Which 
transmits through a boundary portion of the halftone ?lm is 
decreased, thereby a convex portion is formed in an end 
portion of the resist (boundary portion of the halftone ?lm). 

SUMMARY OF THE INVENTION 

[0016] In vieW of solving the foregoing problems, it is an 
object of the present invention to propose an optimal condi 
tion of a halftone mask for obtaining a resist having different 
thicknesses Without forming a convex portion in its end por 
tion. 
[0017] According to the invention, a phase difference A0 of 
exposure light Which transmits through a transparent region 
and a semi-transparent region and a transmittance n of the 
semi-transparent region With respect to the exposure light 
satisfy the folloWing formula 1. 

[0018] According to the invention, a phase difference A0 of 
exposure light Which transmits through a transparent region 
and a semi-transparent region and a transmittance n of the 
semi-transparent region With respect to the exposure light 
satisfy the folloWing formula 2, and the transmittance n is in 
the range of 0.15 to 0.8. 

[0019] According to the invention, an exposure mask 
including a light-transmitting substrate, a semi-transparent 
?lm provided over the light-transmitting substrate, and a 
light-shielding ?lm provided over the semi-transparent ?lm is 
provided, and a phase difference A0 betWeen the semi-trans 
parent ?lm and the light-transmitting substrate With respect to 
exposure light and a transmittance n of the semi-transparent 
?lm With respect to the exposure light satisfy the folloWing 
formula 3. 

[Formula 1] 

[Formula 2] 

[0020] According to the invention, an exposure mask 
including a light-transmitting substrate, a semi-transparent 
?lm provided over the light-transmitting substrate, and a 
light-shielding ?lm provided over the semi-transparent ?lm is 

[Formula 3] 
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provided, and a phase difference between the semi-transpar 
ent ?lm and the light-transmitting substrate With respect to 
exposure light is in the range of —1000 to 100°. 
[0021] According to the invention, an exposure mask 
including a light-transmitting substrate, a semi-transparent 
?lm provided over the light-transmitting substrate, and a 
light-shielding ?lm provided over the semi -transparent ?lm is 
provided, and a phase difference betWeen the semi-transpar 
ent ?lm and the light-transmitting substrate With respect to 
exposure light is in the range of —900 to 90°. 
[0022] According to the invention, a Cr ?lm or a ?lm 
formed of a multi-layer of Cr is used as a light-shielding ?lm. 
[0023] According to the invention, an alloy containing Mo 
and Si, an alloy containing Cr and Si, or Cr is used as a 
material for a semi-transparent ?lm. 
[0024] According to the invention, a transmittance n of a 
semi-transparent ?lm With respect to the exposure light is in 
the range of 0.15 to 0.8. 
[0025] According to the invention, exposure light is i-line 
(Wavelength: 365 nm). 
[0026] Here, a halftone mask is a photomask formed to 
have a light-shielding region and a region having a certain 
transmittance in a photolithography step. The mask has a 
structure in Which an assistant pattern (hereinafter referred to 
as a halftone ?lm, or merely a semi-transparent ?lm or an 
assistant pattern) having a function of reducing light intensity 
and made of a semi-transparent ?lm of Which transmittance is 
in the range of 1 to 99% is provided over a light-transmitting 
substrate of Which rate of transmitting exposure light is 
approximately 100% (n:1.0), and over the assistant pattern, a 
light-shielding ?lm is provided. Note that the halftone mask is 
not limited to the above structure as long as at least three 
regions of a transparent region, a semi-transparent region, and 
a light-shielding region are included. 
[0027] By performing light exposure using the halftone 
mask of the invention, thickness of a resist ?lm can be 
adjusted Within an exposure region. Accordingly, such a resist 
that has regions With different thicknesses and an edge having 
a gentle shape can be formed. By performing a process such 
as etching by using this resist, regions With different thick 
nesses can be formed in a self-aligned manner. As a result of 
this, a transistor, a capacitor, and a resistor having different 
electrode structures respectively can be formed separately by 
the same patterning (processing) step, for example. Accord 
ingly, elements having different modes can be manufactured 
and integrated Without increasing the number of manufactur 
ing steps, in accordance With circuit characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1A is a graph shoWing a relationship betWeen a 
phase difference A6 betWeen exposure light Which transmits 
through a semi-transparent region of a halftone mask and 
exposure light Which transmits through a transparent region 
thereof, and an exposure light intensity over a substrate in the 
vicinity of a boundary betWeen the semi-transparent region 
and the transparent region When a transmittance n of a semi 
transparent ?lm is changed; and FIG. 1B is a cross-sectional 
diagram of the halftone mask. 
[0029] FIG. 2 is a cross-sectional diagram of a half-tone 
mask and a resist pattern formed using the halftone mask. 
[0030] FIGS. 3A to 3D are cross-sectional diagrams for 
shoWing manufacturing steps of a semiconductor device. 
[0031] FIGS. 4A to 4C are cross-sectional diagrams for 
shoWing manufacturing steps of a semiconductor device. 
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[0032] FIG. 5 is a cross-sectional diagram of a light-emit 
ting device. 
[0033] FIG. 6 is a top-plan diagram of a pixel portion. 
[0034] FIG. 7 is a diagram shoWing an equivalent circuit of 
the pixel portion. 
[0035] FIGS. 8A to 8C are cross-sectional diagrams for 
shoWing manufacturing steps of a light-emitting device. 
[0036] FIGS. 9A and 9B are diagrams each shoWing an 
example of a module. 
[0037] FIGS. 10A to 10E are diagrams each shoWing an 
example of an electronic device. 
[0038] FIG. 11 is a diagram shoWing an example of an 
electronic device. 
[0039] FIG. 12 is a cross-sectional picture ofa resist pattern 
formed using a conventional halftone mask. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] Although the invention Will be fully described by 
Way of embodiment modes With reference to the accompany 
ing draWings, it is to be understood that various changes and 
modi?cations Will be apparent to those skilled in the art. 
Therefore, unless such changes and modi?cations depart 
from the scope of the invention, they should be construed as 
being included therein. 

Embodiment Mode 1 

[0041] FIG. 1B shoWs a halftone mask Which includes a 
light-transmitting substrate 100, a semi-transparent ?lm 101, 
and a light-shielding ?lm 104. FIG. 1A is a graph, as for the 
halftone mask shoWn in FIG. 1B, shoWing a relationship 
betWeen a phase difference A6 betWeen exposure light 107 
Which transmits through a transparent region (here, a region 
of the light-transmitting substrate 100 Where the semi-trans 
parent ?lm 101 does not overlap) and exposure light 106 
Which transmits through a semi-transparent region (here, a 
region Where only the semi-transparent ?lm 101 and the 
light-transmitting substrate 100 overlap each other), and an 
intensity of exposure light 108 Which transmits through the 
vicinity of a boundary betWeen the semi-transparent region 
and the transparent region When a transmittance n of the 
semi-transparent ?lm 101 With respect to exposure light is 
changed. Note that the exposure light Which transmits 
through the vicinity of the boundary can also be said exposure 
light Which transmits through an end surface or an end portion 
of the semi-transparent ?lm 101. Each curve shoWn in the 
graph is expressed by the folloWing approximation formula 4 
Which has been found out by the inventor. 

[0042] Note that Formula 4 above is standardiZed assuming 
that exposure intensity Without providing the semi-transpar 
ent ?lm is 1. 

[0043] For example, in the case Where n:0.2 is satis?ed, 
When the phase difference betWeen exposure light Which 
transmits through the transparent region of the halftone mask 
and exposure light Which transmits through the semi-trans 
parent region thereof is 130°, the exposure intensity in the 
vicinity of the boundary betWeen the transparent region and 
the semi-transparent region is smaller than 1.As a result, the 
transmittance of light in the vicinity of the boundary betWeen 
the transparent ?lm and the semi-transparent ?lm is 
decreased, so that a convex portion is formed in edges of a 
resist as shoWn in FIG. 12. 

[Formula 4] 
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[0044] Next, When the phase difference is about 90° or less, 
in the case of the transmittance n:0.1 to 0.7, the exposure 
intensity becomes 1 or more. Therefore, in this case, respec 
tive exposure light Which transmit through the transparent 
region and the semitransparent ?lm of the halftone mask 
interfere and are strengthened With each other, so that a resist 
having gentle edges, in Which a convex portion is not formed 
in end portions can be formed. Note that the closer to 1 the 
transmittance n is, the larger the exposure intensity becomes 
in the case of the phase difference of 900. HoWever, When the 
transmittance n is extremely close to 1, the resist thickness 
corresponding to the semi-transparent ?lm disappears at the 
time of development. Thus, the transmittance n of the semi 
transparent ?lm is preferably 0.8 or less. 

[0045] In the case Where the exposure light Which transmits 
through the transparent region of the halftone mask and the 
exposure light Which transmits through the semi-transparent 
region thereof interfere With each other, that is, When the 
value of 3°(A0) in Formula 4 is 1 or more, a resist in Which a 
convex shape is not formed in an end portion can be formed. 
When 3°(A0) a 1 is Worked out in Formula 4, the folloWing 
formula 5 can be obtained. 

[0046] Therefore, the phase difference A0 and the transmit 
tance n preferably satisfy Formula 5. Note that the transmit 
tance n is preferably in the range of 0.1 to 0.8 (preferably 0.15 
to 0.8, and more preferably 0.2 to 0.5). In addition, the phase 
difference A0 is preferably in the range of —100° to 1000 
(preferably —90° to 90°, and more preferably 600 to 90°. 
[0047] FIG. 2 is a schematic diagram of a half-tone mask 
and a resist pattern formed using the halftone mask of the 
invention. In an exposure mask, a halftone ?lm 201 made of 
molybdenum silicide (MoSi) is provided over a light-trans 
mitting substrate 200, and a light-shielding ?lm 204 made of 
a metal ?lm of chromium (Cr) or the like is stacked over the 
substrate 200. As for the halftone ?lm 201, it is required that 
the transmittance (n) With respect to i-line (Wavelength: 365 
nm) exposure light be 0.15 or more and the phase difference 
(A0) betWeen i-line Which transmits through the light-trans 
mitting substrate 200 and i-line Which transmits through the 
light-transmitting substrate 200 and the halftone ?lm 201 be 
90° or less. Further, the halftone ?lm 201 can also be formed 
using a compound of Si and a metal or the like Which satis?es 
the phase difference and the transmittance of Formula 5, e. g., 
satis?es a condition of n a 0.15 and A0§90°. As the com 

pound of Si and a metal, an alloy or a compound of Si and Mo, 
such as MoSi, MoSiO, or MoSiON is used. Alternatively, an 
alloy or a compound of Cr and Si, such as CrSi can be used. 
Further alternatively, Cr can be used by itself. A ?at resist 203 
Which is formed over a substrate 202 is irradiated With expo 
sure light from above the exposure mask. Then, through a 
photoresist step, a resist pattern 205 is formed. 

[0048] Since the light intensity in both end portions of the 
halftone ?lm is strengthened by interference betWeen the 
exposure light Which transmits through the transparent region 
and the exposure light Which transmits through the semi 
transparent region, the resist pattern 205 not having a convex 
portion in an end portion but having a gentle end portion in a 
boundary betWeen the transparent region and the semi -trans 
parent region as shoWn in FIG. 2, can be obtained. In other 
Words, a resist pattern can be formed Which has such a shape 
that, in a ?rst region Which is thick formed in a position 
corresponding to the light-shielding ?lm 204 a second region 

[Formula 5] 
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Which is thinner than that of the ?rst region, formed in a 
position corresponding to the semi-transparent ?lm Where the 
light-shielding ?lm does not overlap, and a third region over 
a substrate corresponding to the light-transmitting substrate 
200 Where the light-shielding ?lm 204 and the halftone ?lm 
201 do not overlap, the second region is not convex in the 
vicinity of a boundary betWeen the second region and the 
third region. By using this resist pattern 205, gate electrodes 
having different shapes can be formed in a self-aligned man 
ner over the same substrate and the Width of an LDD region, 
or the like can be controlled in accordance With each struc 
ture. 

[0049] Here, being semi-transparent means that the trans 
mittance of a semi-transparent ?lm is in the range of 1 to 99% 
Where the rate of transmitting expo sure light through a trans 
parent region is assumed to be 100%. Note that the optimal 
transmittance of the semi -transparent ?lm is in the range of 1 5 
to 80% according to the inventor’s experience. 

[0050] Therefore, in the halftone mask, the phase differ 
ence of i-line Which transmits through the transparent region 
and the semi-transparent region is preferably 100° or less 
(preferably 90° or less), and the transmittance n is preferably 
in the range of0.15 to 0.8. 

[0051] Note that as a method for precisely controlling the 
phase difference of exposure light Which transmits through 
the transparent region and the semi-transparent region, the 
light-transmitting substrate may be removed With a predeter 
mined depth by performing a process such as etching. 

[0052] In addition, in FIG. 2, the light-shielding ?lm 204 
may be omitted as long as a resist having a similar shape can 
be formed by adjusting thickness of the halftone ?lm 201 or 
disposing interval thereof. 
[0053] In this embodiment mode, for the photomask or 
reticle for forming a gate electrode, a pattern structure for a 
positive-type resist is used. Positive-type resist is a resist in 
Which a region irradiated With expo sure light can be dissolved 
in developer. If possible, a negative-type resist may also be 
used. Negative-type resist is a resist in Which a region irradi 
ated With exposure light cannot be dissolved in developer. 
[0054] Next, steps for forming a gate electrode of a TFT by 
using the halftone mask of the invention Will be described 
With reference to FIGS. 3A to 3D. 

[0055] First, a ?rst insulating ?lm 302 as a base ?lm is 
formed over a substrate 301 having an insulating surface. As 
for the substrate 301 having an insulating surface, a light 
transmitting substrate such as a glass substrate, a crystalline 
glass substrate, or a plastic substrate can be used. In addition, 
in the case Where a thin ?lm transistor to be formed later is 
used in a light-emitting display device of a top emission type 
or a liquid crystal display device of a re?ective type, a ceram 
icubstrate, a semiconductor substrate, a metal substrate, or the 
like can also be used. As the semiconductor substrate, a sili 
con substrate such as an n-type or a p-type single crystalline 
silicon substrate or a high-purity silicon substrate canbe used. 
For example, in the case of using an n-type substrate, a p-Well 
into Which an p-type impurity is injected may be formed so 
that a MOS transistor using a top layer of this Well as a 
semiconductor layer may be formed instead of a TFT. 

[0056] As the ?rst insulating ?lm 302, a single layer or a 
multi-layer of an insulating ?lm such as a silicon oxide ?lm, 
a silicon nitride ?lm, or a silicon oxynitride ?lm (SiOxNy) is 
used. Subsequently, a semiconductor layer 303 is formed over 
the ?rst insulating ?lm 302. 
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[0057] The semiconductor layer 303 is formed as follows: a 
semiconductor ?lm having an amorphous structure is formed 
by a knoWn method (e.g., sputtering, LPCVD, or plasma 
CVD) and crystallized by heat treatment to form a crystal 
lized crystalline semiconductor ?lm; a resist ?lm is formed on 
the crystalline semiconductor ?lm and then light exposure 
and development are performed to obtain a ?rst resist mask; 
and the crystalline semiconductor ?lm is processed into a 
desired shape by using the ?rst resist mask. 
[0058] This semiconductor layer 303 is formed to have a 
thickness of 25 to 80 nm (preferably 30 to 70 nm). The 
material of the crystalline semiconductor ?lm is not limited; 
hoWever, the crystalline semiconductor ?lm is preferably 
formed of silicon, a silicon-germanium (SiGe) alloy, or the 
like. 
[0059] For the heat treatment described above, a heating 
furnace, laser irradiation, irradiation With light that is emitted 
from a lamp (hereinafter referred to as lamp annealing) 
instead of laser light, or a combination thereof can be used. 

[0060] Alternatively, a crystalline semiconductor ?lm may 
be formed by thermal crystallization in Which the heat treat 
ment described above is performed after a catalyst such as 
nickel is added. It is to be noted that When such crystallization 
is performed by thermal crystallization using a catalyst such 
as nickel to obtain a crystalline semiconductor ?lm, it is 
preferable to perform gettering treatment of removing the 
catalyst such as nickel after the crystallization. 
[0061] Further, in the case Where a crystalline semiconduc 
tor ?lm is formed by laser crystallization, a continuous Wave 
laser beam (a CW laser beam) or a pulsed Wave laser beam (a 
pulsed laser beam) can be used. As a laser beam that can be 
used here, a laser beam emitted from one or more kinds of gas 
lasers such as anAr laser, a Kr laser, and an excimer laser; a 
laser using, as a medium, a single crystal of YAG, YVO4, 
forsterite (Mg2SiO4), YAlO3, or GdVO4 or a polycrystal (ce 
ramic) of YAG, Y2O3, YVO4, YAlO3, or GdVO4 doped With 
one or more kinds of Nd, Yb, Cr, Ti, Ho, Er, Tm, and Ta as a 
dopant; a glass laser; a ruby laser; an alexandrite laser; a 
Tizsapphire laser; a copper vapor laser; and a gold vapor laser 
can be used. Irradiation With the fundamental Waves of these 
laser beams or the second to fourth harmonic of these funda 
mental Waves alloWs crystals having large grain size to be 
obtained. For example, the second harmonic (532 nm) or the 
third harmonic (355 nm) of a NdzYVO4 laser (fundamental 
Wave: 1064 nm) can be used. The energy density of the laser 
in this case needs to be about 0.01 to 100 MW/cm2 (preferably 
0.1 to 10 MW/cm2). Then, the irradiation is performed at a 
scanning rate of about 10 to 2000 cm/sec. 

[0062] Note that, as for the laser using, as a medium, a 
single crystal ofYAG,YVO4, forsterite (Mg2SiO4),YAlO3, or 
GdVO4 or a polycrystal (ceramic) of YAG, Y2O3, YVO4, 
YAlO3, or GdVO4 doped With one or more kinds of Nd, Yb, 
Cr, Ti, Ho, Er, Tm, and Ta as a dopant; the Ar ion laser; or the 
Tizsapphire laser, continuous Wave oscillation is possible, and 
besides, pulsed oscillation at an oscillation frequency of 10 
MHz or more is also possible by performing O-sWitch opera 
tion, mode locking, or the like. When pulsed oscillation at an 
oscillation frequency of 10 MHz or more is performed, the 
semiconductor ?lm is irradiated With a next pulse until the 
semiconductor ?lm is solidi?ed after being melted by laser. 
Accordingly, unlike the case of using a pulsed laser at a loWer 
repetition rate, the solid-liquid interface in the semiconductor 
?lm can be continuously moved, thus crystal grains groWn 
continuously in the scanning direction can be thus obtained. 
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[0063] When ceramic (polycrystal) is used as the medium, 
the medium can be formed in any shape at loW cost in short 
time. While a columnar medium of several mm in diameter 
and several tens mm in length is generally used When a single 
crystal is used, larger mediums in size can be formed When 
ceramic is used. 
[0064] Since the concentration of the dopant such as Nd 
and Yb Which directly contributes to light emission in the 
medium is not able to be signi?cantly changed regardless of 
Whether a single crystal or a polycrystal, improvement in 
laser poWer by increasing the concentration is limited to some 
extent. HoWever, in the case of ceramic, drastic improvement 
in poWer can be expected since the size of the medium can be 
signi?cantly increased as compared With a single crystal. 
[0065] Further, in the case of ceramic, a medium in the 
shape of a parallel six-hedron shape or a cuboid shape can be 
easily formed. When a medium in this shape is used to make 
emitted light travel in zigzags Within the medium, the emitted 
light path can be made longer. Therefore, the ampli?cation is 
increased to enable oscillation With large poWer. In addition, 
a laser beam that is emitted from a medium With this shape has 
a cross section of a quadrangular shape When the beam is 
emitted, and is therefore advantageous in shaping into a linear 
beam as compared With a circular shape. Shaping thus emit 
ted laser beam With the use of an optical system makes it 
possible to easily obtain a linear laser beam that has a shorter 
side of 1 mm or less in length and a longer side of several mm 
to several m in length. In addition, irradiating the medium 
uniformly With excitation light makes the linear beam have a 
uniform energy distribution in the longer side direction. 
[0066] Irradiation of the semiconductor ?lm With this linear 
beam alloWs more uniform annealing of the entire surface of 
the semiconductor ?lm. In the case Where uniform annealing 
is required up to both ends of the linear beam, such a tech 
nique as arranging slits at both the ends for shielding light in 
an energy attenuating portion is required. 
[0067] By using thus obtained uniform intensity linear 
beam to anneal the semiconductor ?lm and manufacturing an 
electronic device by using this semiconductor ?lm, the elec 
tronic device has favorable and uniform characteristics. 
[0068] Then, if necessary, doping With a slight amount of 
impurity element (boron or phosphorous) is performed to the 
semiconductor layer in order to control the threshold voltage 
of a TFT; here, ion doping in Which diborane (B2H6) is not 
mass-separated but plasma-excited is used. 
[0069] Subsequently, after removing the ?rst resist mask, 
an oxide ?lm is removed With an etchant containing hydrof 
luoric acid and at the same time, the surface of the semicon 
ductor layer is cleaned With the etchant. Then, a second insu 
lating ?lm 304 Which is a gate insulating ?lm covering the 
semiconductor layer is formed. The second insulating ?lm 
304 is formed by plasma CVD, sputtering, or thermal oxida 
tion to have a thickness of 1 to 200 nm, preferably 70 to 120 
pm. As the second insulating ?lm 304, a ?lm composed of an 
insulating ?lm such as a silicon oxide ?lm, a silicon nitride 
?lm, or a silicon oxynitride ?lm is formed; here, a silicon 
oxynitride ?lm (composition ratio: Si:32%, O:59%, N:7%, 
and H:2%) is formed by plasma CVD to have a thickness of 
1 15 nm. 

[0070] After forming the insulating layer as the base ?lm, 
the semiconductor layer, the gate insulating layer, the inter 
layer insulating layer, or the like over the substrate, oxidation 
or nitridation may be performed by plasma treatment so as to 
oxidize or nitride the surface of the substrate, the insulating 
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layer as the base ?lm, the semiconductor layer, the gate insu 
lating layer, the interlayer insulating layer, or the like. When 
the semiconductor layer or the insulating layer is oxidized or 
nitrided by plasma treatment, the surface thereof can be 
reformed to be an insulating ?lm that has higher density than 
an insulating ?lm formed by CVD or sputtering. Therefore, 
defects such as pinholes can be suppressed and the semicon 
ductor device can exhibit improved characteristics. The 
aforementioned plasma treatment may also be applied to a 
gate electrode layer, a source electrode layer, a drain electrode 
layer, a Wiring layer, or the like, so that a nitride ?lm or an 
oxide ?lm can be formed by nitridation or oxidation. 

[0071] Note that in the case Where the ?lm is oxidiZed by 
plasma treatment, the plasma treatment is performed in an 
oxygen atmosphere (e.g., an atmosphere including oxygen 
(02) and a rare gas (containing at least one of He, Ne, Ar, Kr, 
and Xe); an atmosphere including oxygen, hydrogen (H2), 
and a rare gas; or an atmosphere including dinitrogen mon 
oxide and a rare gas). On the other hand, in the case Where the 
?lm is nitrided by plasma treatment, the plasma treatment is 
performed in a nitrogen atmosphere (e.g., an atmosphere 
including nitrogen (N 2) and a rare gas (containing at least one 
of He, Ne, Ar, Kr, and Xe); an atmosphere including nitrogen, 
hydrogen, and a rare gas; or an atmosphere including NH3 and 
a rare gas). As the rare gas, Ar can be used for example. 
Alternatively, a mixed gas of Ar and Kr may be used. Thus, 
the insulating ?lm formed by such plasma treatment includes 
the rare gas (containing at least one of He, Ne, Ar, Kr, and Xe) 
used for the plasma treatment, and in the case Where Ar is 
used, Ar is contained in the insulating ?lm. 
[0072] In addition, in the case Where such plasma treatment 
is performed to the second insulating ?lm 304, the plasma 
treatment is performed at an electron density of l X101 1 cm“3 
or more and an electron temperature of plasma of 1.5 eV or 
less in the atmosphere containing the gas described above. 
More speci?cally, the electron density is in the range of 
l><l0ll to l><l0l3 cm_3, and the electron temperature of 
plasma is in the range of 0.5 to 1.5 eV. The electron density of 
plasma is high and the electron temperature around an object 
to be treated (here, the second insulating ?lm 304 functioning 
as a gate insulating layer) formed over the substrate is loW; 
therefore, the object to be treated can be prevented from being 
damaged due to plasma. In addition, because of the plasma 
electron density as high as l><l0ll cm“3 or more, the oxide 
?lm or the nitride ?lm formed by oxidiZing or nitriding the 
object to be treated by the plasma treatment can be superior in 
uniformity of ?lm thickness as compared With a ?lm formed 
by CVD, sputtering, or the like, and dense. In addition, since 
the electron temperature of plasma is as loW as 1.5 eV or less, 
the oxidation or nitridation treatment can be performed at a 
loWer temperature than conventional plasma treatment or 
thermal oxidation method. For example, the oxidation or 
nitridation treatment can be performed suf?ciently even When 
the plasma treatment is performed at a temperature loWer by 
at least 100° C. than a strain point of a glass substrate. As the 
frequency for producing plasma, high frequency Waves such 
as microWaves (2.45 GHZ) can be employed. Note that in this 
speci?cation, plasma treatment is performed in the aforemen 
tioned conditions, unless otherWise noted. 
[0073] Next, a stacked layer of a ?rst conductive layer 305a 
and a second conductive layer 30611 is formed. The stacked 
layer is not limited to tWo layers of the ?rst conductive layer 
and the second conductive layer, and a stacked layer of three 
layers or more may also be used. 
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[0074] The ?rst conductive layer is formed of a refractory 
metal such as tungsten (W), chromium (Cr), tantalum (Ta), 
tantalum nitride (TaN), or molybdenum (Mo), or an alloy or a 
compound containing the refractory metal as a main compo 
nent to have a thickness of 20 to 50 nm. In addition, the second 
conductive layer is formed of a refractory metal such as 
tungsten (W), chromium (Cr), tantalum (Ta), tantalum nitride 
(TaN), or molybdenum (Mo), or an alloy or a compound 
containing the refractory metal as a main component to have 
a thickness of 300 to 600 nm. 

[0075] Here, the tWo layers, namely the ?rst conductive 
layer and the second conductive layer are formed using dif 
ferent conductive materials respectively, so that difference in 
etching rate is generated in an etching step that is performed 
later. TaN is used for the ?rst conductive layer, and a tungsten 
?lm is used as the second conductive layer. 

[0076] Subsequently, after a resist ?lm is applied entirely 
on the second conductive layer 306a, light exposure is per 
formed using a mask shoWn in FIG. 3A. Here, a resist ?lm 
having a thickness of 1.5 pm is applied, and a light exposure 
machine of Which resolution is 1.5 um is used for the light 
exposure. Light used for the light exposure is i-line (Wave 
length: 365 nm), and the exposure energy is selected from a 
range of 20 to 140 mJ/cm2. In addition, the light is not limited 
to i-line, and light in Which i-line, g-line (Wavelength: 436 
nm) and h-line (Wavelength: 405 nm) are mixed may also be 
used for the light exposure. 
[0077] In FIG. 3A, as for the exposure mask, a light-shield 
ing portion 401 formed of a metal ?lm such as Cr, and a 
portion provided With a semi-transparent ?lm 402 (also called 
a semi-transparent portion or a halftone ?lm) as an assistant 
pattern having a function of reducing light intensity are pro 
vided. As the semi-transparent ?lm 402, a semi-transparent 
?lm of Which thickness, material, composition, or the like are 
controlled such that the transmittance (n) With respect to 
i-line is 0.2, and the phase difference betWeen exposure light 
Which transmits through a light-transmitting substrate 400 
and exposure light Which transmits through the light-trans 
mitting substrate 400 and the semi-transparent ?lm 402 is 
90°. In the cross-sectional diagram of the exposure mask, 
Width of the light-shielding portion 401 is denoted by t2, and 
Width of the portion provided With the semi-transparent ?lm 
402 is denoted by t1. 

[0078] When light exposure is performed to the resist ?lm 
by using the exposure mask shoWn in FIG. 3A, a non-exposed 
region 403a and an exposed region 4031) are formed. In the 
light exposure, the non-exposed region 403a shoWn in FIG. 
3A is formed by light that is conducted around the light 
shielding portion 401 or transmitted through the portion pro 
vided With the semi-transparent ?lm 402. 
[0079] Then by performing development, the exposed 
region 4031) is removed, and as shoWn in FIG. 3B, a resist 
pattern 3 0711 having a region With large thickness and a region 
With a thickness smaller than that of the above region can be 
obtained over the second conductive layer 30611. In the resist 
pattern 307a, resist thickness of the region With small thick 
ness can be controlled by controlling the exposure energy. 

[0080] Then, etching of the second conductive layer 306a 
and the ?rst conductive layer 30511 is performed by dry etch 
ing. As the etching gas, at least one of CF4, SP6, C12, and O2 
is used. A dry etching apparatus using a high-density plasma 
source such as ECR (Electron Cyclotron Resonance) or ICP 
(Inductively Coupled Plasma) is used to improve etching rate. 
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It is to be noted that the second insulating ?lm 304 may also 
be etched and thickness becomes partially small, depending 
on the etching condition. 
[0081] Note that the case of using an ICP etching apparatus 
is described here; however, the invention is not particularly 
limited, and for example, a parallel-plate etching apparatus, a 
magnetron etching apparatus, an ECR etching apparatus, or a 
helicon-type etching apparatus may also be employed. In 
addition, the invention is not limited to dry etching, and Wet 
etching may also be employed. Further, combination of dry 
etching and Wet etching may also be employed. 
[0082] In such a manner, as shoWn in FIG. 3C, a pattern of 
a conductive stacked layer composed of the ?rst conductive 
layer 3051) and the second conductive layer 3061) is formed 
over the second insulating ?lm 304. By etching, both side 
Walls of the ?rst conductive layer 3051) are exposed, and 
besides, a region of the same Where the second conductive 
layer 3061) does not overlap is exposed. Note that both the 
side-Walls of the ?rst conductive layer 3051) may have a taper 
shape. In addition, both side-Walls of the second conductive 
layer 3061) may also have a taper shape. 
[0083] Next, after a resist pattern 307!) is removed, an 
impurity having one conductivity type is added to the semi 
conductor layer 303. Here, phosphorus (or As) is used as an 
ion of the impurity having one conductivity type, to form an 
n-channel TFT. By using the pattern of the conductive stacked 
layer, an LDD region (GOLD region), a source region and a 
drain region can be formed in a self-aligned manner Without 
forming a sideWall. 
[0084] In the case Where doping treatment for forming a 
source region and a drain region provided outside a gate 
electrode is performed, ions of an impurity having one con 
ductivity type may be added to the semiconductor layer 303 
by using the pattern of the conductive stacked layer as a mask, 
to form high-concentration impurity regions 310 and 311 
having one conductivity type. As the doping condition for 
forming the source region and the drain region, the acceler 
ating voltage is set to be 50 kV or less. Impurity concentration 
of the high-concentration impurity regions 310 and 311 hav 
ing one conductivity type is set to be l><l0l9 to 5><l02l/cm3 
(the peak value by SIMS measurement). 
[0085] In addition, in the case Where doping treatment for 
forming an LDD region (GOLD region) overlapped With a 
gate electrode is performed, ions of an impurity having one 
conductivity type may be added to the semiconductor layer 
303 through the ?rst conductive layer 3051) in a region Where 
the second conductive layer is not stacked, to form loW 
concentration impurity regions 309a and 3091) having one 
conductivity type. As the doping condition in this case, 
though depending on thickness of the second conductive 
layer or the ?rst conductive layer, an accelerating voltage of 
50 kV or more is required. Impurity concentration of the 
loW-concentration impurity regions 309a and 3091) having 
one conductivity type is set to be l><l0l7 to 5><l019/cm3 (the 
peak value by SIMS measurement), provided that it is an 
LDD region. 
[0086] It is to be noted that the order of doping is not 
particularly limited; after performing doping treatment for 
forming a source region and a drain region, doping treatment 
for forming an LDD region (GOLD region) may be per 
formed, or alternatively, after performing doping treatment 
for forming an LDD region (GOLD region), doping treatment 
for forming a source region and a drain region may be per 
formed. 
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[0087] In addition, although the case Where doping treat 
ment is performed tWice separately to form impurity regions 
having different concentrations is described here, impurity 
regions having different concentrations may also be formed 
by one doping treatment by adjusting the treatment condition. 
[0088] In addition, although the case Where a resist pattern 
is removed before doping is described here, a resist pattern 
may also be removed after doping treatment. When doping is 
performed With a resist pattern left, doping can be performed 
While protecting the surface of the second conductive layer 
With the resist pattern. 
[0089] Note that, in the case of the doping treatment, the 
semiconductor layer in a position Where the second conduc 
tive layer overlaps is a region to Which the ions of the impurity 
having one conductivity type are not added and functions as a 
channel formation region of a TFT that is formed later. 
[0090] In addition, the pattern of the conductive stacked 
layer (the ?rst conductive layer 3051) and the second conduc 
tive layer 3 06b) in a portion intersected With the semiconduc 
tor layer 303 becomes a gate electrode. Further, a region of the 
?rst conductive layer 305b, Where the second conductive 
layer 3061) does not overlap, is the length of a Lov region. 
Note that a Lov region means a loW-concentration impurity 
region (LDD region) Where a gate electrode overlaps. The 
necessary length of the Lov region may be determined in 
accordance With a type or a use application of a circuit includ 
ing the TFT, and the exposure mask or etching condition may 
be set based on the length. Note that “ov” means “overlap”. 
[0091] After that, a third insulating ?lm 312 using silicon 
nitride oxide is formed. Then, activation and hydrogenation 
of the impurity elements added to the semiconductor layer are 
performed. 
[0092] Subsequently, a fourth insulating ?lm 313 is formed 
using a light transmitting inorganic material (e.g., silicon 
oxide, silicon nitride, or silicon oxynitride) or an organic 
compound material having a loW dielectric constant (a pho 
tosensitive or non-photosensitive organic resin material, e. g., 
polyimide or polybenZoxaZole). Alternatively, the fourth 
insulating ?lm may be formed using a material containing 
siloxane. Note that siloxane is a material including a skeleton 
structure formed by a bond of silicon (Si) and oxygen (O). As 
a substituent, an organic group containing at least hydrogen 
(e.g., an alkyl group or aromatic hydrocarbon) is used. A 
?uoro group may also be used as the substituent. Altema 
tively, as the sub stituents, both of an organic group containing 
at least hydrogen and a ?uoro group may be used. 
[0093] Then, a mask made of resist is formed using a third 
photomask, and the third insulating ?lm 312 functioning as an 
interlayer insulating ?lm, the fourth insulating ?lm 313, and 
the second insulating ?lm 304 functioning as a gate insulating 
?lm are selectively etched to form a contact hole. After that, 
the mask made of resist is removed. 
[0094] After a metal stacked layer ?lm is formed over the 
fourth insulating ?lm 313 by sputtering, a mask made of resist 
is formed using a fourth photomask, and the metal stacked 
layer ?lm is selectively etched to form a source electrode 314 
and a drain electrode 315 Which are in contact With the semi 
conductor layer. 
[0095] It is to be noted that a connection electrode (an 
electrode for electrically connecting plural TFTs) or a termi 
nal electrode (an electrode for connecting to an external 
poWer supply) can also be formed at the same time as the 
source electrode 314 and the drain electrode 315 of a TFT 
over the fourth insulating ?lm 313. Then, the mask made of 
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resist is removed. Note that the metal stacked layer ?lm has a 
stacked layer of three layers of a Ti ?lm With a thickness of 
100 nm, an Al ?lm containing a small amount of Si With a 
thickness of 350 nm, and a Ti ?lm With a thickness of 100 nm. 
The metal stacked layer ?lm is preferably formed continu 
ously in the same metal sputtering apparatus. 
[0096] Through the above-described steps, a top-gate TFT 
having the loW-concentration impurity regions 309a and 
3091) having one conductivity type on both sides of the chan 
nel formation region is formed as shoWn in FIG. 3D. In FIG. 
3D also, a channel length L is shoWn. 

[0097] As described above, in this embodiment mode, light 
exposure is performed using the photomask of Which trans 
mittance of the halftone mask With respect to exposure light 
and the phase difference are controlled, so that the resist 
pattern 307a having a gentle shape in an endportion is formed 
and the gate electrode is obtained using this resist pattern. By 
adjusting length of the portion With small thickness of the 
resist pattern 307a, length of the Lov region canbe adjusted in 
a self-aligned manner. 

[0098] Note that the description is made using an n-channel 
TFT in this embodiment mode; hoWever, a p-channel TFT can 
also be formed by using a p-type impurity element instead of 
an n-type impurity element. 

[0099] Further, an n-channel TFT and a p-channel TFT can 
also be formed over the same substrate, and by combining 
these TFTs complementarily, a CMOS circuit can be formed. 
The CMOS circuit indicates a circuit having at least one 
n-channel TFT and one p-channel TFT (e.g., an inverter cir 
cuit, a NAND circuit, an AND circuit, a NOR circuit, an OR 
circuit, a shift register circuit, a sampling circuit, a D/A con 
verter circuit, an A/D converter circuit, a latch circuit, or a 
buffer circuit). In addition, by combining the CMOS circuits, 
a memory element such as an SRAM or a DRAM or another 

element can be formed over the substrate. Further, a CPU can 
also be formed over the substrate by integrating various ele 
ments or circuits. 

[0100] In addition, the description is made using a top gate 
TFT With a single gate structure in this embodiment mode; 
hoWever, a top gate TFT With a multi gate structure having a 
plurality of channel formation regions can also be formed. In 
addition, a top gate TFT With a single gate structure and a top 
gate TFT With a multi gate structure can also be formed over 
the same substrate only by changing an exposure mask, With 
out increasing the number of manufacturing steps. Note that 
a single gate structure is such a structure that one TFT has one 
gate electrode. A multi gate structure is such a structure that a 
plurality of gate electrodes are provided, in Which tWo or 
more TFTs are connected in series and respective gate elec 
trodes of the TFTs are connected. 

[0101] Accordingly, only by changing an exposure mask, 
Without increasing the number of manufacturing steps, vari 
ous circuits can be formed over the same substrate by allo 
cating transistors With appropriate structures. 

Embodiment Mode 2 

[0102] In this embodiment mode, the folloWing case Will be 
described With reference to FIGS. 4A to 4C; by using the 
exposure mask satisfying a condition of the invention, With 
out increasing the number of manufacturing steps, a top gate 
TFT With a structure in Which a Lov region on a drain side is 
Wider than that on a source side, and a top gate TFT With a 
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structure in Which Lov regions on both sides of a channel 
formation region respectively have the same Width are formed 
over the same substrate. 

[0103] In FIG. 4A, over a substrate 500 and an insulating 
layer 508, a semiconductor layer 502 and a semiconductor 
layer 503 are formed. So as to cover the semiconductor layer 
502 and the semiconductor layer 503, a gate insulating layer 
504, a ?rst conductive ?lm 505, and a second conductive ?lm 
506 are formed, and a resist pattern 529, a resist pattern 539, 
and a resist pattern 549 are formed to be different shapes 
respectively as shoWn in FIG. 4A. These resist patterns are, as 
described in Embodiment Mode 1, formed by using an expo 
sure mask Which is composed of a halftone mask and a light 
transmitting substrate and of Which phase difference betWeen 
expo sure light Which transmits through the halftone mask and 
the light-transmitting substrate and exposure light Which 
transmits through the halftone mask and of Which transmit 
tance of the halftone mask satisfy Formula 5. Therefore, a 
convex portion is not formed in respective end portions of the 
resist patterns, and the end portions of the resist patterns have 
gentle shape. 
[0104] The resist pattern 529 has such a shape that has 
gentle steps on both sides respectively (a symmetrical shape 
in the cross-section of FIG. 4A), the resist pattern 539 has 
such a shape that has a convex portion in a position disposed 
off-center (an asymmetrical shape in the cross-section of FIG. 
4A), and the resist pattern 549 has such a shape that has 
neither a step nor a convex or concave portion (a symmetrical 
shape in the cross-section of FIG. 4A). 
[0105] Patterning is performed using the resist patterns 
529, 539, and 549 by etching process, thereby forming a ?rst 
gate electrode layer 521, a second gate electrode layer 522, a 
?rst gate electrode layer 531, a second gate electrode layer 
532, a ?rst Wiring layer 541, and a second Wiring layer 542. 
[0106] An impurity element having one conductivity type 
is added to the semiconductor layers 502 and 503 With the 
second gate electrode layers 522 and 532 used as masks, 
thereby forming loW-concentration impurity regions 524a, 
524b, 534a, and 5341) (see FIG. 4B). 
[0107] Further, an impurity element having one conductiv 
ity type is added to the semiconductor layers 502 and 503 With 
the ?rst gate electrode layer 521, the second gate electrode 
layer 522, the ?rst gate electrode layer 531, and the second 
gate electrode layer 532 used as masks, thereby forming high 
concentration impurity regions 525a, 525b, 535a, and 53519. 
[0108] Then, a resist pattern 523, a resist pattern 533, and a 
resist pattern 543 are removed. 

[0109] In this manner, a ?rst TFT portion 530, a second 
TFT portion 520, and a Wiring portion 540 can be formed over 
the same substrate. In the ?rst TFT portion 530, a TFT having 
a loW-concentration impurity region 53611 on the source side 
and a loW-concentration impurity region 5361) on the drain 
side is formed; the loW-concentration impurity region 5361) is 
Wider than the loW-concentration impurity region 53 6a. In the 
second TFT portion 520, a TFT having loW-concentration 
impurity regions 526a and 5261) respectively on both sides of 
the channel formation region is formed. (see FIG. 4C) In 
addition, a stacked layer in Which end portions are in align 
ment, that is, a stacked layer of the ?rst Wiring layer 541 and 
the second Wiring layer 542 is obtained in the Wiring portion 
540. 

[0110] In addition, by using the same resist pattern, the 
same structure as that of the ?rst TFT portion 530 can be 
formed so that a capacitor and a TFT can be formed over the 






















