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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device including a circuit composed of a thin ?lm transistor 
(hereinafter referred to as TFT) and a method of manufac 
turing the same. For example, the present invention relates 
to an electro-optical device represented by a liquid crystal 
display panel and to an electronic equipment incorporating 
the above-mentioned electro-optical device as a part thereof. 

[0003] 2. Description of the Related Art 

[0004] Note that, the term semiconductor device de?ned 
in this speci?cation refers to all the devices Which can 
operate by utilizing a semiconductor characteristic, and the 
electro-optical device, a semiconductor circuit and the elec 
tronic equipment are all included in a category of the 
semiconductor device. 

[0005] In recent years, development of a semiconductor 
device has been in progress, in Which the thin ?lm transistor 
(TFT) is formed by using a semiconductor thin ?lm (?lm 
thickness: approximately several to several hundreds of nm) 
formed on a substrate having an insulating surface and the 
TFT is adapted to constitute a large-area integrated circuit. 

[0006] An active matrix type liquid crystal module, an EL 
module, and a contact image sensor are knoWn as a typical 
example thereof. In particular, the TFT using a silicon ?lm 
having a crystalline structure (typically, a polysilicon ?lm) 
as an active layer (hereinafter, referred to as polysilicon 
TFT) is high in a ?eld effect mobility and thus can be used 
to form a circuit having various functions. 

[0007] For example, the liquid crystal module mounted 
onto a liquid crystal display device includes on one substrate 
a pixel portion and a driver circuit such as a shift register 
circuit, level shifter circuit, buffer circuit, or sampling circuit 
Which is based on a CMOS circuit. The pixel portion 
performs an image display for each functional block and the 
driver circuit controls the pixel portion. 

[0008] Further, in a pixel portion of the active matrix type 
liquid crystal module, a TFT (pixel TFT) is arranged in each 
of several tens to several millions of pixels and each pixel 
TFT is provided With a pixel electrode. An opposing elec 
trode is provided on an opposite substrate side With a liquid 
crystal interposed betWeen the tWo electrodes, to thereby 
form a kind of capacitor With the liquid crystal used as a 
dielectric. Avoltage applied to each pixel is then controlled 
by a sWitching function of the TFT to control the application 
of charge to the capacitor to drive the liquid crystal, thereby 
displaying an image through the control of an amount of 
transmitted light. 

[0009] The pixel TFT is composed of an n-channel TFT 
and adapted to drive the liquid crystal by applying a voltage 
as a sWitching element. The liquid crystal is driven With an 
alternating current and a method called a frame inversion 
driving is employed in many cases. In this method, as a 
required characteristic of the pixel TFT, it is important to 
sufficiently loWer an OFF current value (a drain current 
caused to How at the time of TFT being in OFF state) in 
order to reduce the poWer consumption. 
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[0010] Conventionally, When irradiated With a laser light 
for crystalliZation or for improvement in crystallinity, the 
semiconductor ?lm is instantly melted from the surface 
thereof and then the melted semiconductor ?lm due to heat 
conduction to the substrate is cooled to solidify from the 
substrate side. Through the solidifying process, recrystal 
iZation is performed to form a semiconductor ?lm having a 
crystalline structure With a large grain siZe. HoWever, the 
semiconductor ?lm once melted causes a volume expansion 
to form unevennesses called ridges on the semiconductor 
surface. In particular, in a case of a top gate type TFT, the 
surface having the ridge serves as an interface With a gate 
insulating ?lm so that element characteristics are largely 
in?uenced. 

[0011] In general, an excimer laser or Ar laser is used for 
laser annealing in many cases. A method of performing the 
laser annealing described beloW has been preferably used 
because it is suited for mass production With high produc 
tivity. That is, a pulse oscillation type laser beam having a 
high output is processed by an optical system so as to be a 
square spot Whose side is of several centimeters or be linear 
With a length of, for example, 10 cm or more on a surface 
to be irradiated and the laser beam is scanned on the surface 
to be irradiated With the irradiation point relatively changed 
With respect to there. In particular, in a case Where a linear 
laser beam (hereinafter, referred to as linear beam) is used in 
the surface to be irradiated, unlike in a case of using a 
spot-shaped laser beam that requires scanning vertically and 
laterally, it is suf?cient to perform the scanning only in a 
direction perpendicular to a line direction of the linear beam 
in order to apply the laser beam to the entire surface to be 
irradiated, thereby achieving a high productivity. The reason 
the scanning, is performed in the direction perpendicular to 
the line direction is that the direction enables the most 
ef?cient scanning. Because of the high productivity, the 
linear beam obtained by processing laser having a high 
output by an appropriate optical system has been mainly 
used for the laser annealing. Also, the linear beam is applied 
While being overlapped by gradually shifting it in a trans 
verse direction thereof so that an entire surface of an 
amorphous silicon ?lm is subjected to the laser annealing, 
thereby making it possible to crystalliZe or improve the 
crystallinity. 
[0012] Thus, the technique of the laser annealing is indis 
pensable in order to form a semiconductor ?lm having 
higher electric characteristics in a loWer cost. 

[0013] HoWever, there remain problems in the conven 
tional crystalliZation by the laser light such that energy is not 
uniformly applied to the entire ?lm and Wavelike traces of 
irradiation With the laser light are remained in addition to the 
ridge. 
[0014] Further, if the unevennesses on the ?lm surface 
formed after the crystalliZation are leveled by using an etch 
back method a CMP method or the like, the number of steps 
increases and at the same time the semiconductor ?lm 
becomes thinner, so that it is dif?cult to level the surface of 
the semiconductor thin ?lm having a thickness of 100 nm or 
less With a good controllability. 

SUMMARY OF THE INVENTION 

[0015] The present invention has been made in vieW of the 
above-mentioned problems and provides a technique for 
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solving such problems. An object of the present invention is 
accordingly to provide a semiconductor device such as an 
electro-optical device represented by an active matrix type 
liquid crystal display device Which is formed by using a TFT 
and in Which an improvement in operational characteristic 
and a loW poWer consumption are realiZed. 

[0016] In particular, an object of the present invention is to 
obtain a TFT Which has a loW OFF current value With a 
reduced variation. 

[0017] In order to solve the various problems described 
above, many experiments and studies have been made in 
various ?elds so that the inventors of the present invention 
found that the levelness (a root mean square roughness (rms) 
and a peak to valley value (P-V value)) is high in a main 
surface of the semiconductor ?lm Which contains germa 
nium in a concentration of several %, preferably, 0.1 to 10 
atoms % and Which is subjected to a laser light irradiation as 
compared With a case of performing the laser light irradia 
tion to the semiconductor ?lm containing no germanium. 
Thus, the above-mentioned various problems can be solved 
to thereby accomplish the present invention. 

[0018] The structure of the present invention is described 
beloW. 

[0019] The invention disclosed in this speci?cation relates 
to a semiconductor device comprising a thin ?lm transistor 
having a semiconductor layer formed on an insulating ?lm, 
characteriZed in that: 

[0020] the semiconductor layer formed of a semicon 
ductor ?lm containing silicon as a main component 
and containing germanium, is used as an active 
layer; and 

[0021] the active layer has a P-V value of less than 70 
nm Which indicates a surface roughness of a main 
surface thereof. 

[0022] Further, according to another structure of the 
invention, there is provided a semiconductor device com 
prising a thin ?lm transistor having a semiconductor layer 
formed on an insulating ?lm, characteriZed in that: 

[0023] the semiconductor layer formed of a semicon 
ductor ?lm containing silicon as a main component 
and containing germanium, is used as an active 
layer; and 

[0024] the active layer has an rms of less than 10 nm 
Which indicates a surface roughness of a main sur 
face thereof. 

[0025] Also, according to still another structure of the 
invention, there is provided a semiconductor device com 
prising a thin ?lm transistor having a semiconductor layer 
formed on an insulating ?lm, characteriZed in that: 

[0026] the semiconductor layer formed of a semicon 
ductor ?lm containing silicon as a main component 
and containing germanium, is used as an active layer 
and 

[0027] the active layer has an rms of less than 10 nm 
and a P-V value of less than 70 nm Which each 
indicate a surface roughness of a main surface 
thereof. 
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[0028] Also, in the above-mentioned structures, the semi 
conductor device is characteriZed in that the semiconductor 
?lm contains the germanium in a concentration of 0.1 to 10 
atoms % and serves as a silicon ?lm having a crystalline 
structure. 

[0029] Also, in the above-mentioned structures, the semi 
conductor device is characteriZed in that the semiconducto6r 
?lm contains a metal element in a concentration of 1x10 / 
cm3 to 5><1018/cm3 and serves as a silicon ?lm having a 
crystalline structure. Further, the metal element is a metal 
element for accelerating a crystalliZation of silicon and is at 
least one element selected from the group consisting of Fe, 
Ni, Co, Ru, Rh, Pd, Os, Ir, Pt, Cu and Au. 

[0030] Also, it is possible to irradiate the semiconductor 
?lm containing germanium in a concentration of 0.1 to 10 
atoms % With a laser light in an atmosphere or in an oxygen 
atmosphere to remove an oxide ?lm formed on a surface of 
the semiconductor ?lm and subsequently to irradiate With 
the laser light in an inert atmosphere or in a vacuum, thereby 
forming a semiconductor ?lm having a considerably leveled 
main surface. 

[0031] Further, the structure in a manufacturing method of 
the present invention is described beloW. 

[0032] The invention relates to a method of manufacturing 
a semiconductor device, characteriZed by comprising: 

[0033] a ?rst step of forming on an insulating surface 
a semiconductor ?lm that contains germanium in a 
concentration of 0.1 to 10 atoms % and has an 
amorphous structure; 

[0034] a second step of performing heat treatment to 
the semiconductor ?lm having the amorphous struc 
ture and then irradiating it With a laser light for 
crystalliZation to form a ?rst semiconductor ?lm 
having a crystalline structure and an oxide ?lm 
thereon; 

[0035] 
[0036] a fourth step of irradiating a laser light in an 

inert gas atmosphere or in a vacuum to level a 
surface of the semiconductor ?lm. 

a third step of removing the oxide ?lm; and 

[0037] In the above-mentioned structure, the method of 
manufacturing a semiconductor device is characteriZed in 
that an energy density of the laser light in the fourth step is 
higher than that of the laser light of the second step. 

[0038] Also, in the above-mentioned structure, a step of 
adding a metal element for accelerating a crystalliZation may 
be provided before the second step. 

[0039] Further, according to another structure of the 
invention, there is provided a method of manufacturing a 
semiconductor device, characteriZed by comprising: 

[0040] a ?rst step of forming on an insulating surface 
a ?rst semiconductor ?lm that contains germanium 
in a concentration of 0.1 to 10 atoms % and has an 

amorphous structure; 

[0041] a second step of adding a metal element for 
accelerating a crystalliZation to the ?rst semiconduc 
tor ?lm having the amorphous structure; 
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[0042] a third step of performing heat treatment to the 
?rst semiconductor ?lm and then irradiating it With 
a laser light to form a ?rst semiconductor ?lm having 
a crystalline structure and an oxide ?lm thereon; 

[0043] 
[0044] a ?fth step of irradiating a laser light in an 

inert gas atmosphere or in a vacuum to level a 
surface of the ?rst semiconductor ?lm; 

[0045] a sixth step of oxidiZing the surface of the 
semiconductor ?lm having the crystalline structure 
With a solution containing oZone; 

a fourth step of removing the oxide ?lm; 

[0046] a seventh step of forming a second semicon 
ductor ?lm including a rare gas element on the oxide 

?lm; 

[0047] an eighth step of alloWing the second semi 
conductor ?lm to getter the metal element to remove 
or reduce the metal element in the ?rst semiconduc 
tor ?lm having the crystalline structure; and 

[0048] a ninth step of removing the second semicon 
ductor ?lm. 

[0049] Also, in the above-mentioned structure, the method 
of manufacturing a semiconductor device is characteriZed in 
that an energy density of the laser light in the ?fth step is 
higher than that of the laser light in the third step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] In the accompanying draWings: 

[0051] FIGS. 1A to 1E are vieWs shoWing the present 
invention: 

[0052] FIG. 2 is a graph shoWing a root mean square 
roughness (rms) obtained by an AFM; 

[0053] FIG. 3 is a graph shoWing a P-V value obtained by 
the AFM; 

[0054] FIGS. 4A to 4F are vieWs shoWing manufacturing 
steps of the present invention (Embodiment 1); 

[0055] FIGS. 5A to 5D are vieWs shoWing manufacturing 
steps of the present invention (Embodiment 1); 

[0056] FIGS. 6A to 6D are vieWs shoWing manufacturing 
steps of an active matrix substrate (Embodiment 2); 

[0057] FIGS. 7A to 7C are vieWs shoWing manufacturing 
steps of the active matrix substrate (Embodiment 2); 

[0058] FIG. 8 is a vieW shoWing the active matrix sub 
strate (Embodiment 2); 
[0059] FIG. 9 is an external vieW of an AM-LCD 

(Embodiment 3): 
[0060] FIG. 10 shoWs an example of a liquid crystal 
display device in section (Embodiment 4); 

[0061] FIGS. 11A and 11B are respectively a top vieW of 
an EL module and a sectional vieW thereof (Embodiment 5); 

[0062] FIGS. 12A to 12F each shoW an example of 
electronic equipment (Embodiment 6); 
[0063] FIGS. 13A to 13D each shoW an example of the 
electronic equipment (Embodiment 6); 
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[0064] FIGS. 14A to 14C each shoW an example of the 
electronic equipment (Embodiment 6); and 

[0065] FIGS. 15A to 15C are microphotographs shoWing 
surfaces of a silicon germanium ?lm and a silicon ?lm. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] [Embodiment Mode] 
[0067] Embodiment Mode of the present invention Will be 
described beloW With reference to FIGS. 1A to 1E. 

[0068] First, an amorphous semiconductor ?lm 3 contain 
ing germanium is formed on an insulating surface. For 
example, a base insulating ?lm is formed on a quartZ 
substrate or glass substrate. Herein, the insulating ?lm 
mainly containing silicon, for example, an oxide silicon 
?lm, a nitride silicon ?lm or an oxynitride ?lm, or a laminate 
thereof is formed on a glass substrate 1 as a base insulating 
?lm 2 (FIG. 1A). Note that, the base insulating ?lm 2 is 
provided for the purpose of preventing diffusion of impuri 
ties from the substrate and in some cases it is not particularly 
necessary to provide the ?lm depending on the substrate to 
be used. 

[0069] The amorphous semiconductor ?lm 3 containing 
germanium is formed by a plasma CVD method, a loW 
pressure CVD method, or other methods as appropriate. 
When using the plasma CVD method, reaction gas made of 
SiH1 and GeHl, and optionally a reaction gas made of GeH4 
that is diluted With SiH4 and H2 are introduced into a 
reaction chamber to perform a high frequency discharge 
With a frequency of 1 to 200 MHZ for decomposition, 
thereby depositing the amorphous semiconductor ?lm on the 
substrate. As for the reaction gas, Si2H6 or SiF4, and GeF4 
may be used instead of SiH4 and GeH4, respectively. Also, 
in a case of using the loW pressure CVD method, it is 
possible to employ such reaction gases. Preferably, the 
reaction gas is diluted With He and the amorphous semicon 
ductor ?lm is deposited on the substrate at a temperature of 
400 to 500° C. In any case, the above-mentioned gases used 
in the present invention are those puri?ed up to a high purity 
in order to reduce a concentration of an impurity element 
such as oxygen, nitrogen or carbon Which is taken in the 
deposited amorphous semiconductor ?lm. Note that, the 
thickness of the deposited amorphous semiconductor ?lm is 
set to 20 to 100 nm. 

[0070] Next, the amorphous semiconductor ?lm contain 
ing germanium is crystalliZed by heat treatment (FIG. 1B). 
In order to crystalliZe the amorphous semiconductor ?lm 
containing germanium, it is necessary to perform the heat 
treatment at 600° C. or more for 10 hours or more. 

[0071] Irradiation With laser light is then performed to 
improve a crystalliZation rate and to repair defects remaining 
in a crystal grain (FIG. 1C). When applying the laser light 
to an amorphous semiconductor ?lm containing no germa 
nium, large unevennesses are formed in the surface thereof. 
On the other hand, When applying the laser light to the 
amorphous semiconductor ?lm containing germanium 
although the unevennesses are similarly formed, it is small 
enough to maintain the levelness of the surface. 

[0072] For the irradiation With laser light, excimer laser 
having a Wavelength of 400 nm or less, or a second harmonic 
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(Wavelength: 532 nm) to a fourth harmonic (Wavelength: 
266 nm) of YAG laser or YVO4 laser are used as a light 
source. The laser light above is condensed into a linear or 
spot shape by the optical system to be irradiated With its 
energy density set to 100 to 700 mJ/cm2 and the processing 
is performed by scanning the laser beam thus condensed 
over a predetermined region of the substrate. 

[0073] Note that, a case of using pulse laser is described 
here by Way of example, but continuous oscillation type 
laser may be also used. It is preferred that in order to obtain 
the crystal having a large grain siZe upon the crystalliZation 
of the amorphous semiconductor ?lm, solid laser capable of 
the continuous oscillation is used in combination With the 
application of a second harmonic to a fourth harmonic of a 
fundamental Wave. Typically, the second harmonic (Wave 
length: 532 nm) or third harmonic (Wavelength: 355 nm) of 
Nd: YVO4 laser (fundamental Wave: 1064 nm) may be 
applied. When using the continuous oscillation type laser, 
the laser light emitted from the continuous oscillation type 
YVO4 laser With an output of 10 W is transformed into a 
harmonic by a nonlinear optical element. Also, there is a 
method in Which YVO4 crystal and nonlinear optical ele 
ment are put into a resonator to emit the harmonic. Then, 
preferably, it is formed into a laser light of a rectangular or 
elliptic shape on the irradiation surface by the optical system 
to be applied to a member to be processed. The required 
energy density at that time is approximately 0.01 to 100 
MW/cm (preferably, 0.1 to 10 MW/cmz). The irradiation 
may be performed in such a manner that the semiconductor 
?lm is moved relative to the laser light at a speed of 
approximately 10 to 2,000 cm/s. 

[0074] In addition, instead of the laser, a halogen lamp, 
xenon lamp, mercury lamp, metal halide lamp, or the like 
can be used as the light source. 

[0075] Considering the productivity of the TFT, the above 
mentioned heat treatment is not alWays suitable, so that the 
crystalliZation of the amorphous silicon ?lm may be per 
formed only through the irradiation With the laser light (the 
pulse oscillation type excimer laser or the continuous oscil 
lation type laser (second harmonic of YVO4 laser)). Also, a 
technique disclosed in JP 07-130652 A or JP 08-78329 A 
may be used in Which a metal element for accelerating the 
crystalliZation of the silicon is introduced and a crystalline 
silicon ?lm is formed by heat treatment at a temperature 
loWer than that in the conventional case. 

[0076] In addition, in order to further enhance the level 
ness, it is also possible that after the above laser irradiation 
an oxide ?lm (not shoWn) formed by the laser irradiation is 
removed by diluted hydro?uoric acid or the like to apply the 
laser light (With the energy density higher than the previ 
ously applied laser light) in an inert atmosphere or in a 
vacuum again. 

[0077] Then, the leveled semiconductor ?lm is patterned 
to form a semiconductor layer 6 having a desired shape by 
a knoWn patterning method (FIG. 1D). It is desirable that 
before the formation of a mask made of resist a thin oxide 
?lm is formed on the surface thereof With oZone Water. 

[0078] The surface of the semiconductor layer is then 
Washed With an etchant containing hydro?uoric acid to form 
an insulating ?lm mainly containing silicon and serving as 
a gate insulating ?lm 7. The surface Washing and formation 
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of the gate insulating ?lm are desirably conducted continu 
ously Without an exposure to the outside air. 

[0079] Next, the surface of the gate insulating ?lm 7 is 
Washed and thereafter a gate electrode 8 is formed. An 
impurity element (such as P or As) imparting an n-type 
conductivity to the semiconductor (in this case, phospho 
rous) is then added appropriately to form a source region 9 
and a drain region 10. Alter the addition thereof, the heat 
treatment, strong light irradiation or laser light irradiation is 
performed for activating the impurity element. Also, at the 
same time as the activation, plasma damage applied to the 
gate insulating ?lm or that applied to an interface betWeen 
the gate insulating ?lm and the semiconductor layer can be 
recovered. In particular, it is highly effective that the second 
harmonic of the YAG laser is applied from the front or rear 
side in an atmosphere of a room temperature to 300° C. to 
activate the impurity element. YAG laser is preferable as the 
activation means in terms of less maintenance. 

[0080] Subsequent steps are as folloWs: forming an inter 
layer insulating ?lm 12, performing a hydrogenation, form 
ing contact holes reaching the source region and the drain 
region, and forming a source electrode 13 and a drain 
electrode 14 to complete TFT (n-channel TFT) (FIG. 1E). 

[0081] The surface of a channel forming region 11 of the 
TFT thus obtained may have a root mean square roughness 
(rms) of less than 10 nm and a P-V value of less than 70 nm. 

[0082] The present invention is not limited to the TFT 
structure shoWn in FIG. 1E but may employ an LDD 
structure (a lightly doped drain structure) in Which an LDD 
region is interposed betWeen the channel forming region and 
the drain region (or the source region) as necessary. This 
structure is a structure in Which a region added With an 
impurity element in a loW concentration is provided betWeen 
the channel forming region and the source or drain region 
formed by adding the impurity element in a high concen 
tration. The region is called the LDD region. Further, it is 
also possible to employ a so-called GOLD (gate-drain 
overlapped LDD) structure in Which the LDD region is 
arranged so as to overlap the gate electrode through the gate 
insulating ?lm. 

[0083] The n-channel TFT is employed here for the 
description, but it goes Without saying that a p-channel TFT 
can be formed by using a p-type impurity element instead of 
the n-type impurity element. 

[0084] Also, the top gate type TFT is described herein as 
an example, but the present invention can be applied irre 
spective of the TFT structure and the present invention can 
be applied, for example, to a bottom gate type (reverse 
stagger type) TFT or a forWard stagger type TFT. 

[0085] (Experiment) 
[0086] Experiments are performed as folloWs. 

[0087] Abase ?lm is formed on a glass substrate. The base 
insulating ?lm is composed of a tWo-layer structure includ 
ing a ?rst oxynitride silicon ?lm With a thickness of 50 to 
100 nm Which is formed by using SiH4, NH3, and N20 as 
reaction gases and a second oxynitride silicon ?lm With a 
thickness of 100 to 150 nm Which is formed by using SiH4 
and N20 as the reaction gases, the tWo ?lms being lami 
nated. 


























