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An a-Si film 12 is formed on the whole surface of a quartz
substrate 11, and a protection film 13 is formed in a region
to be used as a display unit on the a-Si film 12. Subsequently,
after a catalyst metal is selectively introduced into the whole
surface of a region to be used as a peripheral drive circuit on
the a-Si film 12, crystal growth is allowed by heating the a-Si
film 12 to form a CG silicon film 14 and a p-Si film 15. Then,
the catalyst metal in the CG silicon film 14 and the p-Si film
15 is removed by gettering. The concentration of the catalyst
metal in the CG silicon film 14 is in the range of 1x10"
atoms/cm® or higher and lower than 1x10"> atoms/cm®. The
concentration of the catalyst metal in the p-Si film for a
display unit 15 is made lower than the concentration of the
catalyst metal in the CG silicon film 14b for a peripheral
drive circuit. Thereby, a semiconductor device having a
driver monolithic type liquid crystal display device with
high intensity, high precision and uniform characteristics
can be achieved.
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ACTIVE MATRIX DISPLAY DEVICE HAVING
HIGH INTENSITY AND HIGH PRECISION AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a semiconductor
device in use for an active matrix display device, wherein a
liquid crystal is driven by a thin film transistor, particularly,
a driver monolithic type liquid crystal display device,
wherein a peripheral drive circuit is on the same substrate,
and the like and a method of manufacturing the same.

[0002] Among thin type liquid crystal display devices
with low power consumption, those using a thin film tran-
sistor (hereinafter, referred to as TFT) for a drive element are
mainly used for a display unit of a personal computer or the
like, a portable TV (television) and the like due to its high
performance such as high contrast, high response speed and
so forth, and its market size has been greatly expanded in
recent years.

[0003] The TFTs in use for a liquid crystal display device
include the one wherein a CG silicon film is used as a
semiconductor of its active portion. As described in Japa-
nese Patent Laid-Open Publication No. 6244103, this CG
silicon film is a silicon film having excellent crystallinity
obtained by depositing a trace of a kind of metal element
such as nickel Ni or the like on the surface of an amorphous
silicon film and thereafter heating the film.

[0004] Since the CG silicon film has lower power con-
sumption and faster response than an amorphous silicon film
and a polycrystalline silicon and has an advantage that a
future sheet computer can be manufactured by utilizing its
high mobility, it is considered promising as a material for
manufacturing a next-generation driver monolithic type lig-
uid crystal display device.

[0005] The CG silicon film is a crystalline silicon film
formed by adding a metal element for promoting crystallin-
ity into an amorphous silicon film and thereafter heating the
film. A method of removing the metal element introduced
into silicon Si at this time is disclosed in Japanese Patent
Laid-Open Publication No. 10-223533. In this Japanese
Patent Laid-Open Publication No. 10-223533, a part of the
formed CG silicon film is doped with a 5th group element P
(phosphorous) in high concentration and subsequently heat
treated, thereafter the metal element is removed from a
region to be used as an active portion of the TFT by gettering
the metal from the region doped with P (phosphorous).

[0006] Furthermore, methods of forming a CG silicon film
include a method called longitudinal growth and a method
called lateral growth. The longitudinal growth is a method
wherein a metal element is directly added to the whole
surface of an amorphous silicon film and then heated to
allow crystal growth. Meanwhile, the lateral growth is a
method wherein, for example, a SiO, film formed on an
amorphous silicon film is photopatterned so that a part of the
amorphous silicon film is exposed, a metal element is added
to the exposed portion and the film is heated so that crystals
are grown in a direction horizontal with respect to a substrate
into a portion where the amorphous silicon film is not
exposed.

[0007] Here, the longitudinal growth, which is the most
relevant to the present invention, will be explained in detail.
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[0008] FIGS. 11A-11D show how the longitudinal growth
occurs in a CG silicon film. FIGS. 11A-11D are all plan
views viewed from the film surface side. In FIGS. 11A-11D,
reference numeral 71 denotes an amorphous silicon film.
Reference numeral 72 denotes a Si crystal, which is to be a
nucleus. Reference numeral 73 denotes a CG silicon crystal
(also referred to as “domain”). Reference numeral 74
denotes a domain boundary.

[0009] First, as shown in FIG. 11A, a catalyst metal
element is added to the surface of an amorphous silicon film
71 on a quartz substrate.

[0010] Subsequently, when solid-phase crystal growth is
allowed in this amorphous silicon film 71 at temperature of
about 600° C. for about 1 hour, a Si crystal 72 which is to
be a nucleus is formed at several points on the quartz
substrate as shown in FIG. 11B. The generation density of
the Si crystals 72 which are to be nuclei is affected by the
quality of the amorphous silicon film 71, the concentration
of an added metal element and so forth.

[0011] When solid-phase crystal growth is further allowed
for a long time, CG silicon crystals 73 grow radially from the
crystal to be a nucleus as a center as shown in FIG. 11C. The
region of these CG silicon crystals grown from one nucleus
as a center is referred to as a domain. While the inside of this
domain 73 is polycrystalline, this can be considered as a
so-to-speak quasi-single crystal since these crystals are
known to have better continuity than those of p-Si.

[0012] When solid-phase crystal growth is further allowed
for a long time, the grown domains 73 are finally bumped
against each other as shown in FIG. 11D. Then, the whole
surface of the substrate becomes a CG silicon film, and the
growth finishes. In FIG. 11D, a place where the domains 73
are bumped against each other is referred to as a domain
boundary 74. The size of these domains depends on the
formation conditions, but a big domain may exceed 200 yum
in diameter.

[0013] Meanwhile, when a TFT is formed by the CG
silicon film, either the longitudinal growth or the lateral
growth is employed. However, when a TFT is formed by
lateral growth, the amount of a catalyst metal to be intro-
duced must be about ten times more than the amount
introduced for longitudinal growth. The reason for this is
that, if the amount of the catalyst metal to be introduced is
reduced, a distance of crystal growth in the horizontal
direction becomes shorter, or a portion where few crystals
grow is generated. Therefore, the CG silicon film by lateral
growth inevitably contains a more amount of the catalyst
metal than the silicon film by longitudinal growth. Thus, it
is highly likely that the amount of the residual catalyst metal
after gettering is naturally more in the laterally grown CG
silicon film than in the longitudinally grown CG silicon film.
Since metal element residues in such a silicon film adversely
affect TFT characteristics (particularly OFF characteristics),
changes with time such as deterioration or the like and so
forth, a more excellent TFT can be obtained by reducing the
metal element in the TFT to a minimum.

[0014] Consequently, the longitudinally grown CG silicon
film is considered to be more suitable to formation of an
active region of a TFT than the laterally grown CG silicon
film.

[0015] However, in the case of the aforementioned longi-
tudinally grown CG silicon film, there is a problem that a
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place where a boundary between domains is generated
cannot be identified. Therefore, when TFT is made of the
longitudinally grown CG silicon film, there will be a TFT
whose active region is formed only by a region within a
domain and a TFT whose active region includes a domain
boundary. At the above domain boundary, orientations of
crystals grown from another domain are not aligned, and this
portion is considered to be in a polycrystalline state. Con-
sequently, characteristics of the TFT whose active region is
formed only by a region within a domain may be different
from those of the TFT whose active region includes a
domain boundary. These differences are not particularly
problematic in a peripheral drive circuit of a liquid crystal
panel, which has a large TFT, but become serious problems
in a display unit, which has a small TFT.

[0016] Since each of the TFTs for pixels of the display unit
is responsible for the display of a different pixel, the
differences in characteristics lead to differences in an electric
potential applied to each pixel electrode, a charge holding
time or the like, which are directly reflected on differences
in transmittance of liquid crystal. That is, in display on a
TFT panel using a longitudinally grown CG silicon film,
light transmittance of each pixel varies depending on the
presence or absence of a domain boundary in a TFT active
region of the display unit. Therefore, there is high possibility
that the variation results in uneven display.

[0017] Furthermore, a leak current of the TFT for a pixel
of a display unit in an OFF state must be kept lower than that
of the TFT for a peripheral drive circuit. However, when the
TFT for a pixel is formed by introducing a catalyst metal,
there is a possibility that a residual metal exists even after a
step of removing the catalyst metal by gettering as described
above, and the residual metal may deteriorate the OFF
characteristics of the TFT.

[0018] To avoid the uneven display of a liquid crystal
display region and the deterioration of TFT OFF character-
istics, a method of forming a TFT in a state of an amorphous
silicon film without introducing a catalyst metal into a
screen is suggested as described in Japanese Patent Laid-
Open Publication No. 8-78689. However, when an amor-
phous silicon film forms a TFT active region in the screen,
TFT characteristics are naturally deteriorated compared with
a TFT formed by polycrystalline silicon or CG silicon.

[0019] Currently, a display unit of a liquid crystal panel is
being developed towards high intensity and high precision.
Since sufficient ON characteristics cannot be obtained from
a TFT using an amorphous silicon film, formation of a TET
for display unit by using an amorphous silicon film is
difficult in practice.

[0020] Furthermore, Japanese Patent Laid-Open Publica-
tion No. 9-45931 discloses a method of forming TFTs in a
screen by crystalline silicon, which is not CG silicon, and
using CG silicon for a peripheral drive circuit. However, in
this method, a residual concentration of the catalyst metal
element in the peripheral drive circuit is high. Since the
catalyst metal element is considered to affect TFT charac-
teristics and reliability of the peripheral drive circuit, prac-
tical use is still difficult.

[0021] Accordingly, an object of the present invention is to
provide a semiconductor device and a method of manufac-
turing the same by which a driver monolithic type liquid
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crystal display device with high intensity, high precision and
uniform characteristics can be achieved.

SUMMARY OF THE INVENTION

[0022] 1In order to achieve the above object, there is
provided a semiconductor device including a display unit
having pixel electrodes arranged in a matrix and transistors
for a pixel connected to the pixel electrodes and a peripheral
drive circuit having a transistor for a peripheral drive circuit
provided outside the display unit, wherein

[0023] the transistor for a peripheral drive circuit has
a first crystalline silicon film, which is to be a crystal
grown active region formed by introducing a catalyst
metal into an amorphous silicon film and heating the
film;

[0024] the transistor for a pixel has a second crystal-
line silicon film, which is to be an active region,
formed by crystallizing the amorphous silicon film
without introducing the catalyst metal; and

[0025] the concentration of the catalyst metal in the
second crystalline silicon film is lower than the
concentration of the catalyst metal in the first crys-
talline silicon film.

[0026] In one embodiment of the present invention, the
concentration of the catalyst metal in the first crystalline
silicon film is in the range of 1x10"> atoms/em?® or higher
and lower than 1x10*° atoms/cm®.

[0027] According to a semiconductor device of the above
constitution, in the above transistor for a peripheral drive
circuit, in which a first crystalline silicon film (CG silicon
film) wherein crystals are grown by introducing a catalyst
metal into the amorphous silicon film and thereafter heating
the film is used as an active region, the concentration of the
catalyst metal in the first crystalline silicon film is in the
range of 1x10"® atoms/cm® or higher and lower than 1x10*°
atoms/cm®. Therefore, the catalyst metal does not greatly
affect transistor characteristics, and hence a high ON-current
operation can be performed. It is noted that, in the transistor
for a pixel, wherein a second crystalline silicon film, in
which an amorphous silicon film is crystallized without
introducing a catalyst metal, is used as an active region, a
low OFF-current operation can be performed since the
concentration of the catalyst metal in the second crystalline
silicon film is lower than the concentration of the catalyst
metal in the first crystalline silicon film. Thus, a driver
monolithic type liquid crystal display device with high
intensity, high precision and uniform characteristics can be
achieved.

[0028] The concentration of the catalyst metal in the first
crystalline silicon film in the range of 1x10" atoms/cm> or
higher and lower than 1x10" atoms/ecm? is measured by a
measuring method called ICP (Inductively Coupled
Plasma)—MS (Mass Spectrometer).

[0029] The applicants of the present invention used nickel
Ni as a catalyst metal, formed the whole surface of a
substrate by a CG silicon film and removed the CG silicon
film by gettering. Then, they measured the amount of nickel
Ni element in this sample CG silicon film by atomic absorp-
tion photometry. As a result, the amount of the nickel Ni
element in the CG silicon film was 4x10° atoms/cm” or less
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in average over the whole substrate surface. Since the CG
silicon film had a thickness of 70 nm and a area ratio of 65%
on the substrate at this time, the concentration of the catalyst
metal in the CG silicon film was converted to 8.79x10™*
atoms/cm” or lower, which satisfied the above catalyst metal
concentration in the range of 1x10** atoms/cm> or higher
and lower than 1x10"° atoms/em>,

[0030] In one embodiment of the present invention, the
transistor for a pixel has an active region, a pair of high-
concentration impurity regions, which are to be source
regions, and drain regions formed on both sides of the active
region and a pair of low-concentration impurity region
formed between the source region and the active region and
between the drain region and the active region.

[0031] According to the semiconductor device of the
above embodiment, a structure having a pair of low-con-
centration impurity regions formed between the source
region and the active region and between the drain region
and the active region is called an LDD (lightly doped drain)
structure. Since an OFF current can be reduced without
reducing the ON current of the transistor, this structure is
very effective as a transistor structure for a pixel.

[0032] In one embodiment of the present invention, the
transistor for a pixel has two active regions formed with a
prescribed gap therebetween, a pair of high-concentration
impurity regions to be used as a source region and a drain
region formed on both sides of the two active regions, a pair
of low-concentration impurity regions formed between the
high-concentration impurity region to be used as the source
region and one of the active regions adjacent to the high-
concentration impurity region and between the high-con-
centration impurity region to be used as the drain region and
the other active region adjacent to the high-concentration
impurity region, and an impurity region formed in a region
sandwiched between the two active regions.

[0033] According to the semiconductor device of the
above embodiment, a structure having the two active
regions, a pair of high-concentration impurity regions, a pair
of low-concentration impurity regions and an impurity
region between the two active regions is a structure wherein
two LDD-structure transistors are arranged in series (here-
inafter, referred to as a dual LDD structure). The transistor
in this dual LDD structure is characterized by uniformed and
stabilized characteristics of a transistor for a pixel. That is,
when the formed transistors are compared with each other,
there are more or less variations in characteristics. When one
transistor is in charge of one pixel, a problem of uneven
display in a liquid crystal panel or the like may occur due to
the characteristic variation. Therefore, characteristics are
balanced by two transistors by employing transistors in this
dual LDD structure, and hence uniformity of the whole
transistor is improved and occurrence of a problem such as
uneven display or the like can be prevented.

[0034] In one embodiment of the present invention, the
impurity region formed in the region sandwiched between
the two active regions contains at least either one of:

[0035] an impurity region having the same concen-
tration as that of the pair of high-concentration
impurity regions, which are to be the source region
and the drain region, or an impurity region having
the same concentration as that of the pair of low-
concentration impurity regions.
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[0036] According to the semiconductor device of the
above embodiment, for example, the impurity region formed
in a region sandwiched between the above two active
regions is an impurity region having the same concentration
as that of the pair of high-concentration impurity regions to
be used as the source region and the drain region. Therefore,
two transistors are connected in series so that a dual LDD
structure is formed. Furthermore, the impurity region
formed in a region sandwiched between the two active
regions is an impurity region having the same concentration
of that of the pair of low-concentration impurity regions.
Therefore, a dual LDD structure is similarly formed. Fur-
thermore, this structure is similarly formed when the impu-
rity region formed in a region sandwiched between the two
active regions includes both an impurity region having the
same concentration as that of the pair of high-concentration
impurity regions and an impurity region having the same
concentration as that of the pair of low-concentration impu-
rity regions.

[0037] 1In one embodiment of the present invention, the
active region of the transistor for a peripheral drive circuit
formed in the first crystalline silicon film and the active
region of the transistor for a pixel formed in the second
crystalline silicon film have a distance of at least 100 um or
longer therebetween.

[0038] Thisis because, when a catalyst metal is introduced
into a region where the first crystalline silicon film is to be
formed and thereafter the region is heated, a CG silicon film
grown from the region into which the catalyst metal has been
introduced is grown a certain distance and enters a region
where a second crystalline silicon film is formed and into
which the catalyst metal is not introduced originally. That is,
a crystalline silicon film containing an originally unintended
catalyst metal element is formed between the first crystalline
silicon film and the second crystalline silicon film. This
region in the second crystalline silicon film, into which the
CG silicon is grown into, is less than 100 um as a result of
observation in experiments so far although there are varia-
tions. The crystalline silicon film of this region, into which
the CG silicon is grown into, has a composition different
from those of the first crystalline silicon film and the second
crystalline silicon film, and hence characteristics of this
silicon film are different from those of the other films.
Therefore, the silicon film of this region cannot be used for
a transistor for a peripheral drive circuit or a transistor for a
display unit.

[0039] Therefore, according to the semiconductor device
of the above embodiment, by keeping a distance of at least
100 pm or more between an active region of a transistor for
a peripheral drive circuit formed by the first crystalline
silicon film and an active region of a transistor for a pixel
formed by the second crystalline silicon film, the silicon film
in the region, into which CG silicon is grown into, can be
reliably prevented from being used as a transistor for a
peripheral drive circuit or a transistor for a display unit.

[0040] Also, there is provided a semiconductor device
manufacturing method of manufacturing the above semi-
conductor device, wherein,

[0041] the catalyst metal in the first crystalline silicon
film is removed by gettering.

[0042] According to the above method of manufacturing a
semiconductor device, the concentration of the catalyst
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metal in the first crystalline silicon film can be made in the
range of 1x10'* atoms/cm> or higher and lower than 1x10*%
atoms/cm® by removing the catalyst metal in the first crys-
talline silicon film by gettering.

[0043] There is provided a method of manufacturing a
semiconductor device including a display unit having pixel
electrodes arranged in a matrix and transistors for a pixel
connected to the pixel electrodes and a peripheral drive
circuit having a transistor for a peripheral drive circuit
provided outside the display unit, which comprises the steps
of:

[0044] forming an amorphous silicon film over the
whole surface of a substrate;

[0045] forming a protection film on a region to be
used as a display unit in the amorphous silicon film;

[0046] after forming the protection film, introducing
a catalyst metal into the region to be used as a
peripheral drive circuit in the amorphous silicon film
except for the region covered with the protection
film;

[0047] after introducing a catalyst metal into the
region to be used as the peripheral drive circuit,
forming a crystalline silicon film by heating the
amorphous silicon film to grow crystals in the region
to be used as a peripheral drive circuit and the region
to be used as a display unit; and

[0048] removing the catalyst metal in the crystalline
silicon film by gettering.

[0049] According to the above method of manufacturing a
semiconductor device, a protection film is formed on the
region to be used as a display unit in an amorphous silicon
film formed over the whole substrate surface, and then a
catalyst metal is introduced into the region to be used as a
peripheral drive circuit in the amorphous silicon film except
for the region covered with the protection film. Subse-
quently, the amorphous silicon film is heated so that crystal
growth is allowed in the region to be used as a peripheral
drive circuit to form a crystalline silicon film (longitudinally
grown CG silicon film), while crystal growth is allowed in
the region to be used as a display unit to form a crystalline
silicon film (polycrystalline silicon film). Then, the catalyst
metal in the crystalline silicon film is removed by gettering.
Thus, by using a longitudinally grown CG silicon film
formed by directly adding a catalyst metal as a transistor for
a peripheral drive circuit and a polycrystalline silicon film
formed without adding a catalyst metal as a transistor for a
display unit, a driver monolithic type liquid crystal display
device with stable operations and high display quality can be
manufactured.

[0050] In one embodiment of the present invention, the
catalyst metal is at least one kind selected from Fe, Co, Ni,
Pd, Pt, Cu, Au, In and Sn.

[0051] According to the method of manufacturing a semi-
conductor device of the above embodiment, as long as at
least one or a plurality of kinds of elements selected from Fe,
Co, Ni, Pd, Pt, Cu, Au, In and Sn are used as the catalyst
elements, an effect of promoting crystallization can be
obtained by using only a trace thereof. In particular, among
these catalyst elements, a most remarkable effect can be
obtained when Ni is used.
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[0052] 1In one embodiment of the present invention, the
protection film formed on the region to be used as a display
unit in the amorphous silicon film is silicon oxide having a
film thickness of 100 nm or larger.

[0053] According to the method of manufacturing a semi-
conductor device of the above embodiment, by forming
silicon oxide having a film thickness of 100 nm or larger as
a protection film formed on the region to be used as a display
unit in the amorphous silicon film, the region to be used as
a display unit in the amorphous silicon film is masked,
thereby reliably preventing the introduction of the catalyst
metal into the region to be used as a display unit when the
catalyst metal is introduced.

[0054] In one embodiment of the present invention, in the
step of growing crystals in the region to be used as a
peripheral drive circuit and the region to be used as a display
unit by heating the amorphous silicon film to form a crys-
talline silicon film, the heating temperature is in the range of
500-700° C.

[0055] According to the method of manufacturing a semi-
conductor device of the above embodiment, favorable sili-
con crystallization can be achieved by heating the amor-
phous silicon film at temperature in the range of 500-700° C.

[0056] In one embodiment of the present invention, the
step of removing the catalyst metal from the crystalline
silicon film by gettering includes steps of:

[0057] introducing a 15th group element selectively
into the crystalline silicon film;

[0058] moving the catalyst metal in the crystalline
silicon film by heating the crystalline silicon film to
a region of the crystalline silicon film into which the
15th element is selectively introduced; and

[0059] after moving the catalyst metal in the crystal-
line silicon film to a region in the crystalline silicon
film into which the 15th group element is selectively
introduced, etching is performed to remove the
region in the crystalline silicon film to which the
catalyst metal is moved.

[0060] According to the method of manufacturing a semi-
conductor device of the above embodiment, a 15th group
element is selectively introduced into the crystalline silicon
film, and thereafter, by heating the crystalline silicon film,
the catalyst metal in the crystalline silicon film is moved to
a region in the crystalline silicon film into which the 15th
group element is selectively introduced. Thus, since the
region in the crystalline silicon film into which the 15th
group element is selectively introduced, that is the region to
which the catalyst metal is moved, is removed by etching,
little catalyst metal is contained in the remaining crystalline
silicon film.

[0061] In one embodiment of the present invention, the
region in the crystalline silicon film into which the 15th
group element is selectively introduced is formed not only in
the region to be used as a peripheral drive circuit into which
the catalyst metal is introduced, but also in the region to be
used as a display unit into which the catalyst metal is not
introduced.

[0062] Since the catalyst metal added to the first crystal-
line silicon film is subjected to a heating process and the like,
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the catalyst metal may be introduced into the second crys-
talline silicon film by diffusion.

[0063] Therefore, according to the method of manufactur-
ing a semiconductor device of the above embodiment, by
also providing a portion for the second crystalline silicon
film with a gettering region to perform gettering of the
catalyst metal, deterioration of transistor characteristics due
to the catalyst metal can be prevented and a transistor for a
pixel with a low OFF current can be manufactured.

[0064] In one embodiment of the present invention, in the
step of moving the catalyst metal in the crystalline silicon
film by heating the crystalline silicon film to the region in the
crystalline silicon film into which the 15th group element is
selectively introduced, the heating temperature is in the
range of 500-800° C.

[0065] According to the method of manufacturing a semi-
conductor device of the above embodiment, by heating the
crystalline silicon film at temperature in the range of 500-
800° C., the catalyst metal can be effectively removed by
gettering.

[0066] In one embodiment of the present invention, after
the step of growing crystals in the region to be used as a
peripheral drive circuit and the region to be used as a display
unit by heating the amorphous silicon film to form a crys-
talline silicon film, a step of reducing the film thickness of
at least a region to be used as the active region of a display
unit in the crystalline silicon film is included.

[0067] Characteristics of a transistor for a pixel made of a
crystalline silicon film formed by allowing crystal growth in
the region to be used as a display unit depend on the initial
thickness of the amorphous silicon film before the film
thickness is reduced and the final film thickness of the active
region. FIG. 12 shows a relationship of ON-current and
OFF-current characteristics of the transistor for a pixel to the
initial thickness of the amorphous silicon film before the
film thickness is reduced. In the transistor used in this
measurement, both the active regions are formed in the same
film thickness of 40 nm. The gate voltage at ON is set to be
5V, the gate voltage at OFF is set to be =10 V and the drain
voltage is set to be 9 V (at both ON and OFF). 1t is noted that
a current value of, for example, “1.E-07” represents 1.0x
1077 in FIG. 12.

[0068] FIG. 12 shows that, when the initial thickness of
the amorphous silicon film is larger, both the ON and OFF
characteristics of the transistor are more favorable. How-
ever, the OFF characteristics of the transistor are more
favorable due to a lower current value when the film
thickness of the active region is smaller.

[0069] According to the method of manufacturing a semi-
conductor device of the above embodiment, when the initial
thickness of the amorphous silicon film is made larger, the
film thickness needs to be reduced to make the film thickness
of the active region thinner in subsequent processes. The
OFF characteristics of the transistor for a pixel become more
favorable by reducing the film thickness of at least a region
to be used as an active region of the display unit in the
crystalline silicon film.

[0070] In one embodiment of the present invention, in the
step of forming an amorphous silicon film on the whole
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surface of the substrate, the thickness of the amorphous
silicon film is in the range of 100-150 nm.

[0071] According to the method of manufacturing a semi-
conductor device of the above embodiment, sufficient crys-
tal growth can be obtained by making the thickness of the
amorphous silicon film 100 nm or larger, and when the
initial thickness of the amorphous silicon film before the
film thickness is reduced is larger, both the ON and OFF
characteristics of the transistor become more favorable. On
the other hand, when the thickness of the amorphous silicon
film exceeding 150 nm is not favorable in view of manu-
facturing costs since time is required to form an amorphous
silicon film and reduce the film thickness later.

[0072] 1In one embodiment of the present invention, in the
step of reducing the film thickness of at least a region to be
used as the active region of a display unit in the crystalline
silicon film, the film thickness is reduced by thermal oxi-
dation.

[0073] According to the method of manufacturing a semi-
conductor device of the above embodiment, reduction of the
thickness of the crystalline silicon film by thermal oxidation
is more effective than silicon film reduction by dry etching
since defects, impurities or the like in silicon Si can be
reduced.

[0074] In one embodiment of the present invention, in the
step of reducing the film thickness of at least a region to be
used as the active region of a display unit in the crystalline
silicon film, the thickness of the reduced crystalline silicon
film is in the range of 20-60 nm.

[0075] According to the method of manufacturing a semi-
conductor device of the above embodiment, favorable OFF-
current characteristics can be obtained by making the thick-
ness of the crystalline silicon film in the range of 20-60 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0076] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0077] FIGS. 1A-1E are cross sectional views showing
processes of manufacturing a driver monolithic type active
matrix circuit as a semiconductor device according to a first
embodiment of the invention;

[0078] FIGS. 2A-2C are cross sectional views showing
processes of manufacturing the driver monolithic type active
matrix circuit following FIGS. 1A-1E;

[0079] FIGS. 3A-3E are cross sectional views showing
processes of manufacturing a driver monolithic type active
matrix circuit as a semiconductor device according to a
second embodiment of the invention;

[0080] FIGS. 4A-4E are cross sectional views showing
processes of manufacturing the driver monolithic type active
matrix circuit following FIGS. 3A-3E;

[0081] FIGS. 5A-5E are cross sectional views showing
processes of manufacturing a driver monolithic type active
matrix circuit as a semiconductor device according to a third
embodiment of the invention;
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[0082] FIGS. 6A-6E are cross sectional views showing
processes of manufacturing the driver monolithic type active
matrix circuit following FIGS. 5A-5E;

[0083] FIG. 7 is a cross sectional view showing a process
of manufacturing a driver monolithic type active matrix
circuit as a semiconductor device according to a fourth
embodiment of the invention;

[0084] FIG. 8 is a cross sectional view showing a process
of manufacturing a driver monolithic type active matrix
circuit as a semiconductor device according to a fifth
embodiment of the invention;

[0085] FIGS. 9A-9E are cross sectional views showing
processes of manufacturing a driver monolithic type active
matrix circuit as a semiconductor device according to a sixth
embodiment of the invention;

[0086] FIGS. 10A-10D are cross sectional views showing
processes of manufacturing the driver monolithic type active
matrix circuit following FIGS. 9A-9E;

[0087] FIGS. 11A-11D are plan views for explaining
growth of a CG silicon film; and

[0088] FIG. 12 is a graph showing thicknesses of the
initial amorphous silicon film and TFT current characteris-
tics.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0089] Hereafter, embodiments of the semiconductor
device and the method of manufacturing the same of the
present invention will be explained in detail with reference
to accompanying drawings.

[0090] (First Embodiment)

[0091] FIGS. 1 and 2 show processes of manufacturing a
driver monolithic type active matrix circuit as a semicon-
ductor device according to a first embodiment of the inven-
tion. The manufacturing process proceeds from FIGS.
1A-1E to FIGS. 2A-2C successively. In FIGS. 1 and 2, a
peripheral drive circuit is shown on the left side, and a
matrix circuit of a display unit is shown on the right side. For
simplification, only an N-MOS transistor of the peripheral
drive circuit is shown, and a P-MOS transistor is not shown
since it is easily inferred.

[0092] (1-1) FIG. 1A

[0093] First, an amorphous silicon film (hereinafter,
referred to as a-Si film) 12 is deposited 70 nm on a quartz
substrate 11 by the plasma CVD method or the LPCVD
(Low Pressure Chemical Vapor Deposition) method. A pro-
tection film 13 made of a SiO, film is laminated 100 nm by
the atmospheric CVD method or the like. Then, the protec-
tion film 13 is patterned by general photolithography and
wet etching to expose a part of the a-Si film 12. At this time,
the protection film 13 is patterned so that a region to be used
as a peripheral drive circuit is within a region where the a-Si
film 12 is exposed and that a region to be used as a matrix
circuit of a display unit is within a region protected by the
protection film 13.

[0094] (1-2) FIG. 1B

[0095] Subsequently, the whole surface of the a-Si film 12
(shown in FIG. 1A) and the protection film 13 is coated with
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an aqueous solution in which 10 ppm of nickel acetate
Ni(CH,COOH), is dissolved by spinning to add nickel Ni as
a catalyst metal element for promoting crystallization of
silicon Si. The nickel Ni concentration in the a-Si film 12
surface is set to be about 3x10'% atoms/cm?. Furthermore,
sputtering, CVD, plasma treatment, vapor deposition or the
like can also be employed as a method of adding the nickel
Ni to the a-Si film 12 surface. Subsequently, heat treatment
is performed in a nitrogen atmosphere to crystallize the a-Si
film 12 and thereby form a CG silicon film 14. This heat
treatment is preferably performed at temperature in the
range of 500-700° C. Conditions of this embodiment are
600° C. for 12 hours. At this time, the a-Si film 12 under the
protection film 13 does not become a CG silicon film since
the catalyst metal is not added thereto. However, crystalli-
zation of silicon Si is promoted by heat treatment at 600° C.
for 12 hours, and the a-Si film 12 under the protection film
13 becomes a polycrystalline silicon (hereinafter, referred to
as p-Si) film 15. Furthermore, at this time, the CG silicon
film also grows from a boundary between an exposed
portion of the a-Si film 12 and the protection film 13 towards
the inside of the a-Si film 12 under the protection film 13.
This growth distance is about 100 um from the boundary
between the exposed portion of the a-Si film 12 and the
protection film 13 to the p-Si film 15 side. The film in this
portion is assumed as a CG silicon film 14a. This CG silicon
film 14a is not used for active regions of a TFT for a
peripheral drive circuit and a TFT for a display unit. There-
fore, it is designed in advance such that a TFT is not formed
in a region of the CG silicon film 144, and hence the active
regions of a TFT for a peripheral drive circuit and a TFT for
a display unit are inevitably distant from each other by 100
4m or more.

[0096] (1-3) FIG. 1C

[0097] Subsequently, a first oxide film 16 is laminated 200
nm on the CG silicon film 14 containing nickel Ni and the
protection film 13 by the atmospheric CVD method or the
like. At this time, the protection film 13 may be removed by
etching before the first oxide film 16 is laminated. Then, the
first oxide film 16 and the protection film 13 are patterned by
general photolithography and wet etching to expose the CG
silicon film 14, a part of the p-Si film 15 and CG silicon film
14a.

[0098] (1-4) FIG. 1D

[0099] Subsequently, about 2x10™ atoms/cm® of phos-
phorous ions are implanted over the whole substrate. At this
time, the protection film 13 and the first oxide film 16 serve
as implantation masks, and the phosphorous ions are
implanted into a region where the CG silicon films 14, 14a
and the p-Si film 15 are exposed so that a silicon film 17
containing a high concentration of phosphorous is formed.
This phosphorous is used as a gettering element for remov-
ing nickel Ni, which is the introduced catalyst metal ele-
ment. Subsequently, by heating under conditions of 600° C.
for 24 hours, the nickel Ni element in a region covered with
the first oxide film 16 in the CG silicon film 14 and the p-Si
film 15 is gettered into the silicon film 17 containing a high
concentration of phosphorous. At this time, the temperature
is preferably in the range of 500-800° C. The higher tem-
perature leads to a higher gettering effect. At this time, the
p-Si film 15, to which nickel Ni is not added intentionally,
is also provided with a gettering region to getter nickel Ni.
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This is to prevent the nickel Ni element from being intro-
duced from the CG silicon film 14, to which nickel Ni is
added, into the p-Si film 15, by diffusion.

[0100] (1-5) FIG. 1E

[0101] Subsequently, the whole surface of the CG silicon
film 17 containing a high concentration of phosphorous
(shown in FIG. 1D) is removed by dry etching. Further, the
whole surfaces of the protection film 13 (shown in FIG. 1D)
and the first oxide film 16 (shown in FIG. 1D) are removed
by using a buffered hydrofluoric acid. The remaining CG
silicon film 14 and p-Si film 15 contain little nickel Ni
element due to a gettering effect of the CG silicon film 17
containing a high concentration of phosphorous. Subse-
quently, the CG silicon film 14 and the p-Si film 15 are
heated in an O, atmosphere at 950° C. to form a second
oxide film 18 on the surfaces of the CG silicon film 14 and
the p-Si film 154. This process is called a second gettering,
and has an effect of further removing the metal element (Ni)
reduced by the aforementioned gettering. This second get-
tering has a higher gettering effect when the heat treatment
is performed in an oxidative atmosphere containing at least
one kind of halogen element out of HCl, HF, HBr, CL,, F,,
Br, and so on. The temperature range in the second gettering
is preferably 900-1150° C., and the higher temperature leads
to a higher gettering effect since diffusion of the metal
element is promoted in the second oxide film 18.

[0102] (1-6) FIG. 2A

[0103] Subsequently, after the second oxide film 18
(shown in FIG. 1E) is removed by using a buffered hydrof-
luoric acid, patterning is performed by general photolithog-
raphy and dry etching to form a CG silicon film 14b for a
peripheral drive circuit and a p-Si film 15b for a display unit.
A third oxide film 19 having a thickness of 80 nm as a gate
insulating film is formed on these patterned CG silicon film
14b for a peripheral drive circuit and p-Si film 15b for a
display unit by the CVD method. Then, a p-Si film is further
deposited 300 nm by the CVD method, and the p-Si film is
patterned by general photolithography and dry etching to
form gate electrodes 20 above central portions of the CG
silicon film 14b for a peripheral drive circuit and the p-Si
film 15 for a display unit. The portion of the CG silicon film
14b for a peripheral drive circuit and the p-Si film 155 for
a display unit below these gate electrodes 20 become TET
active regions 14c, 15¢ (shown in FIG. 2B).

[0104] (1-7) FIG. 2B

[0105] Subsequently, about 2x10™ atoms/cm® of phos-
phorous ions are implanted into the CG silicon film 145 and
the p-Si film 15b for a display unit by using the gate
electrodes 20 as masks to form source regions 21a, drain
regions 21b and TFT active regions 14¢, 15¢. A fourth oxide
film 22 as an interlayer insulating film is formed 600 nm on
the whole surfaces of the third oxide film 19 and the gate
electrodes 20 by the CVD method. Then, heat treatment is
performed in a nitrogen atmosphere at 950° C. for 30
minutes to activate phosphorous ions implanted in the
source regions 21a and the drain regions 21b. Subsequently,
source contact holes 27 and drain contact holes 28 are
formed in the third and the fourth oxide film 19, 22 on the
source regions 21a and the drain regions 21b by general
photolithography and dry etching.
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[0106] (1-8) FIG. 2C

[0107] Finally, AlSi having a thickness of 400 nm, a
nitride film having a thickness of 400 nm and a transparent
conductive film (ITO) having a thickness of 80 nm are
successively deposited and subjected to photolithography
and dry etching, which are repeated. Then, there are formed
source wiring 23 which is made of AlSi and brought into
contact with the source region 21a by the source contact hole
27, a drain electrode 24 which is made of AlSi and brought
into contact with the drain region 21b by the drain contact
hole 28, an interlayer film 25 made of a nitride film, a pixel
contact hole 29 penetrating through the interlayer film 25 on
the drain electrode 24 and a pixel electrode 26 made of a
transparent conductive film.

[0108] Thus, a driver monolithic type active matrix circuit
can be manufactured by the method of manufacturing a
semiconductor device shown in the above (1-1) to (1-8).

[0109] Since, in the driver monolithic type active matrix
circuit of the first embodiment, a CG silicon film is used as
a TFT active region 14c for a peripheral drive circuit, a high
ON current operation is enabled, while a low OFF current
operation is enabled since a p-Si film is used as a TFT active
region 15¢ for a pixel. Therefore, a driver monolithic type
liquid crystal display device with high intensity, high pre-
cision and uniform characteristics can be achieved.

[0110] (Second Embodiment)

[0111] FIGS. 3 and 4 show processes of manufacturing a
driver monolithic type active matrix circuit as a semicon-
ductor device according to a second embodiment of the
invention. The manufacturing process proceeds from FIGS.
3A-3E to FIGS. 4A-4E successively. In FIGS. 3 and 4, a
peripheral drive circuit is shown on the left side and a matrix
circuit of a display unit is shown on the right side. For
simplification, only an N-MOS transistor is shown as the
peripheral drive circuit, and a P-MOS transistor is not shown
since this can be easily inferred.

[0112] (2-1) FIG. 3A

[0113] First, an a-Si film 32 is deposited 70 nm on a quartz
substrate 31 by the plasma CVD method or the LPCVD
method. A protection film 33 made of a SiO, film is
laminated 100 nm by the atmospheric CVD method or the
like. Then, the protection film 33 is patterned by general
photolithography and wet etching to expose a part of the a-Si
film 32. At this time, the protection film 33 is patterned so
that a region to be used as a peripheral drive circuit is within
a region where the a-Si film 32 is exposed and that a region
to be used as a matrix circuit of a display unit is within a
region protected by the protection film 33.

[0114] (2-2) FIG. 3B

[0115] Subsequently, the whole surface of the a-Si film 32
(shown in FIG. 3A) and the protection film 33 is coated with
an aqueous solution in which 10 ppm of nickel acetate
Ni(CH COOH), is dissolved by spinning to add nickel Ni as
a catalyst metal element for promoting crystallization of
silicon Si. The nickel Ni concentration in the a-Si film 32
surface is set to be about 3x10'? atoms/cm?. Furthermore,
sputtering, CVD, plasma treatment, vapor deposition or the
like can also be employed as a method of adding the nickel
Ni to the a-Si film 32 surface. Subsequently, heat treatment
is performed in a nitrogen atmosphere to crystallize the a-Si
film 32 and thereby form a CG silicon film 34. This heat
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treatment is preferably performed at temperature in the
range of 500-700° C. Conditions of this embodiment are
600° C. for 12 hours . At this time, the a-Si film 32 under the
protection film 33 becomes a p-Si film 35 due to its
promoted crystallization by heat treatment at 600° C. for 12
hours. Furthermore, the CG silicon film also grows from a
boundary between an exposed portion of the a-Si film 32 and
the protection film 3 towards the inside of the a-Si film 32
under the protection film 33. The film in this portion is
assumed as a CG silicon film 34a.

[0116] (2-3) FIG. 3C

[0117] Subsequently, a first oxide film 36 is laminated 200
nm on the CG silicon film 34 containing nickel Ni and the
protection film 33 by the atmospheric CVD method or the
like. At this time, the protection film 33 may be removed by
etching before the first oxide film 36 is laminated. Then, the
first oxide film 36 and the protection film 33 are patterned by
general photolithography and wet etching to expose the CG
silicon film 34, a part of the p-Si film 35 and CG silicon film
3Ma.

[0118] (2-4) FIG. 3D

[0119] Subsequently, about 2x10*° atoms/cm? of phospho-
rous ions are implanted over the whole substrate. At this
time, the protection film 33 and the first oxide film 36 serve
as implantation masks, and the phosphorous ions are
implanted into a region where the CG silicon films 34, 34a
and the p-Si film 35 are exposed so that a silicon film 37
containing a high concentration of phosphorous is formed.
This phosphorous is used as a gettering element for remov-
ing nickel Ni, which is the introduced catalyst metal ele-
ment. Subsequently, by heating under conditions of 600° C.
for 24 hours, the nickel Ni element in a region covered with
the first oxide film 36 in the CG silicon film 34 and the p-Si
film 35 is gettered into the silicon film 37 ontaining a high
concentration of phosphorous. At this time, the temperature
is preferably in the range of 500-800° C. The higher tem-
perature leads to a higher gettering effect. At this time, the
p-Si film 35, to which nickel Ni is not added intentionally,
is also provided with a gettering region to getter nickel Ni.
This is to prevent the nickel Ni element from being intro-
duced from the CG silicon film 34, to which nickel Ni is
added, into the p-Si film 35, by diffusion.

[0120] (2-5) FIG. 3E

[0121] Subsequently, the whole surface of the CG silicon
film 37 containing a high concentration of phosphorous
(shown in FIG. 2D) is removed by dry etching. Further, the
whole surfaces of the protection film 33 (shown in FIG. 2D)
and the first oxide film 36 (shown in FIG. 2D) are removed
by using a buffered hydrofluoric acid. The remaining CG
silicon film 34 and p-Si film 35 contain little nickel Ni
element due to a gettering effect of the CG silicon film 37
containing a high concentration of phosphorous. Subse-
quently, the CG silicon film 34 and the p-Si film 35 are
heated in an O, atmosphere at 950° C. to form a second
oxide film 38 on the surfaces of the CG silicon film 34 and
the p-Si film 354. This process is called a second gettering,
and has an effect of further removing the metal element (Ni)
reduced by the aforementioned gettering. This second get-
tering has a higher gettering effect when the heat treatment
is performed in an oxidative atmosphere containing at least
one kind of halogen element out of HCI, HF, HBr, Cl,, F,,
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Br, and so on. The temperature range in the second gettering
is preferably 900-1150° C., and the higher temperature leads
to a higher gettering effect since diffusion of the metal
element is promoted in the second oxide film 38.

[0122] (2-6) FIG. 4A

[0123] Subsequently, after the second oxide film 38
(shown in FIG. 3E) is removed by using a buffered hydrof-
luoric acid, patterning is performed by general photolithog-
raphy and dry etching to form a CG silicon film 34b for a
peripheral drive circuit and a p-Si film 355 for a display unit.
A third oxide film 39 having a thickness of 80 nm as a gate
insulating film is formed on these patterned CG silicon film
34b for a peripheral drive circuit and p-Si film 35b for a
display unit by the CVD method. Then, a p-Si film is further
deposited 300 nm by the CVD method, and the p-Si film is
patterned by general photolithography and dry etching to
form gate electrodes 40 above central portions of the CG
silicon film 34b for a peripheral drive circuit and the p-Si
film 35b for a display unit. The portion of the CG silicon film
34b for a peripheral drive circuit and the p-Si film 35b for
a display unit below these gate electrodes 40 become TFT
active regions 34c¢, 35¢ (shown in FIG. 4B).

[0124] (2-7) FIG. 4B

[0125] Subsequently, about 3x10'* atoms/cm> of phos-
phorous ions are implanted into the CG silicon film 34h
(Shown in FIG. 4A) and the p-Si film 35b (Shown in FIG.
4A) for a display unit by using the gate electrodes 40 as
masks to form a low-concentration impurity region 41c and
TFT active regions 3¢, 35¢.

[0126] (2-8) FIG. 4C

[0127] Subsequently, general photolithography is per-
formed to cover a part of the low-concentration impurity
region 41c adjacent to the TFT active region 35c¢ and the gate
electrode 40 on the TFT active region 35¢ with a resist 50.
Subsequently, about 2x10"* atoms/em? of phosphorous ions
are implanted into the low-concentration impurity region
41c (shown in FIG. 4B) except for the region covered with
the resist 50 to form a source region 41a and a drain region
41b, which are high-concentration impurity regions. In the
TFT thus formed, low-concentration impurity regions 41c
are formed between the TFT active region 35¢ and the
source region 41a and between the TFT active region 35¢
and the drain region 41b. This TFT structure is called an
LDD structure and is effective in reduction of an OFF
current of a TFT, particularly effective in a TFT for a display
unit.

[0128]

[0129] Subsequently, after the resist 50 (shown in FIG.
4C) is removed, a fourth oxide film 42 as an interlayer
insulating film having a thickness of 600 nm is formed over
the whole surfaces of the third oxide film 39 and the gate
electrode 40 by the CVD method. Then, to activate the
phosphorous ions implanted in the source region 414, drain
region 415 and low-concentration impurity region 41c, heat
treatment is performed in a nitrogen atmosphere at 950° C.
for 30 minutes. Subsequently, source contact holes 47 and
drain contact holes 48 are formed in the third and the fourth
oxide film 39, 42 on the source regions 41a and the drain
regions 41b by general photolithography and dry etching.

(2-9) FIG. 4D
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[0130] (2-10) FIG. 4E

[0131] Finally, AlSi having a thickness of 400 nm, a
nitride film having a thickness of 400 nm and a transparent
conductive film (ITO) having a thickness of 80 nm are
successively deposited and subjected to photolithography
and dry etching, which are repeated. Then, there are formed
source wiring 43 which is made of AlSi and brought into
contact with the source region 41a by the source contact hole
47, a drain electrode 44 which is made of AlSi and brought
into contact with the drain region 41b by the drain contact
hole 48, an interlayer film 45 made of a nitride film, a pixel
contact hole 49 penetrating through the interlayer film 45 on
the drain electrode 44 and a pixel electrode 46 made of a
transparent conductive film.

[0132] Thus, a driver monolithic type active matrix circuit
can be manufactured by the method of manufacturing a
semiconductor device shown in the above (2-1) to (2-10).

[0133] The driver monolithic type active matrix circuit of
the second embodiment has the same effect as that of the
driver monolithic type active matrix circuit of the first
embodiment. Since a TFT for a peripheral drive circuit and
a TFT for a display unit have an LDD structure, effective in
reduction of an OFF current in a TFT, particularly in a TFT
for a display unit, wherein OFF characteristics are impor-
tant.

[0134] (Third Embodiment)

[0135] FIGS. 5 and 6 show processes of manufacturing a
driver monolithic type active matrix circuit as a semicon-
ductor device according to a third embodiment of the
invention. The manufacturing process proceeds from FIGS.
5A-5E to FIGS. 6A-6E successively. In FIGS. 5 and 6, a
peripheral drive circuit is shown on the left side, and a
matrix circuit of a display unit is shown on the right side. For
simplification, only an N-MOS transistor of the peripheral
drive circuit is shown, and a P-MOS transistor is not shown
since it is easily inferred.

[0136] (3-1) FIG. 5A

[0137] First, an a-Si film 52 is deposited 70 nm on a quartz
substrate 51 by the plasma CVD method or the LPCVD
method. A protection film 53 made of a SiO, film is
laminated 100 nm by the atmospheric CVD method or the
like. Then, the protection film 53 is patterned by general
photolithography and wet etching to expose a part of the a-Si
film 52. At this time, the protection film 53 is patterned so
that a region to be used as a peripheral drive circuit is within
a region where the a-Si film 52 is exposed and that a region
to be used as a matrix circuit of a display unit is within a
region protected by the protection film 53.

[0138] (3-2) FIG. 5B

[0139] Subsequently, the whole surface of the a-Si film 52
(shown in FIG. 5A) and the protection film 53 is coated with
an aqueous solution in which 10 ppm of nickel acetate
Ni(CH,COOH), is dissolved by spinning to add nickel Ni as
a catalyst metal element for promoting crystallization of
silicon Si. The nickel Ni concentration in the a-Si film 52
surface is set to be about 3x10'* atoms/cm>. Furthermore,
sputtering, CVD, plasma treatment, vapor deposition or the
like can also be employed as a method of adding the nickel
Ni to the a-Si film 52 surface. Subsequently, heat treatment
is performed in a nitrogen atmosphere to crystallize the a-Si
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film 52 and thereby form a CG silicon film 54. This heat
treatment is preferably performed at temperature in the
range of 500-700° C. Conditions of this embodiment are
600° C. for 12 hours . At this time, the a-Si film 52 under the
protection film 53 becomes a p-Si film 55 due to its
promoted crystallization by heat treatment at 600° C. for 12
hours . Furthermore, at this time, the CG silicon film also
grows from a boundary between an exposed portion of the
a-Si film 52 and the protection film 53 towards the inside of
the a-Si film 52 under the protection film 53. The film in this
portion is assumed as a CG silicon film 54a.

[0140] (3-3) FIG. SC

[0141] Subsequently, a first oxide film 56 is laminated 200
nm on the CG silicon film 54 containing nickel Ni and the
protection film 53 by the atmospheric CVD method or the
like. At this time, the protection film 53 may be removed by
etching before the first oxide film 56 is laminated. Then, the
first oxide film 56 and the protection film 53 are patterned by
general photolithography and wet etching to expose the CG
silicon film 34, a part of the p-Si film 55 and CG silicon film
54a.

[0142] (3-4) FIG. 5D

[0143] Subsequently, about 2x10™ atoms/cm® of phos-
phorous ions are implanted over the whole substrate. At this
time, the protection film 53 and the first oxide film 56 serve
as implantation masks, and the phosphorous ions are
implanted into a region where the CG silicon films 54, 54a
and the p-Si film 55 are exposed so that a silicon film 57
containing a high concentration of phosphorous is formed.
This phosphorous is used as a gettering element for remov-
ing nickel Ni, which is the introduced catalyst metal ele-
ment. Subsequently, by heating under conditions of 600° C.
for 24 hours, the nickel Ni element in a region covered with
the first oxide film 56 in the CG silicon film 54 and the p-Si
film 55 is gettered into the silicon film 57 containing a high
concentration of phosphorous. At this time, the temperature
is preferably in the range of 500-800° C. The higher tem-
perature leads to a higher gettering effect. At this time, the
p-Si film 55, to which nickel Ni is not added intentionally,
is also provided with a gettering region to getter nickel Ni.
This is to prevent the nickel Ni element from being intro-
duced from the CG silicon film 54, to which nickel Ni is
added, into the p-Si film 55, by diffusion.

[0144] (3-5) FIG. 5E

[0145] Subsequently, the whole surface of the CG silicon
film 57 containing a high concentration of phosphorous
(shown in FIG. 5D) is removed by dry etching. Further, the
whole surfaces of the protection film 53 (shown in FIG. 5D)
and the first oxide film 56 (shown in FIG. 5D) are removed
by using a buffered hydrofluoric acid. The remaining CG
silicon film 54 and p-Si film 55 contain little nickel Ni
element due to a gettering effect of the CG silicon film 57
containing a high concentration of phosphorous. Subse-
quently, the CG silicon film 54 and the p-Si film 55 are
heated in an O, atmosphere at 950° C. to form a second
oxide film 58 on the surfaces of the CG silicon film 54 and
the p-Si film 55a. This process is called a second gettering,
and has an effect of further removing the metal element (Ni)
reduced by the aforementioned gettering. This second get-
tering has a higher gettering effect when the heat treatment
is performed in an oxidative atmosphere containing at least
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one kind of halogen element out of HCI, HF, HBr, Cl,, F,,
Br, and so on. The temperature range in the second gettering
is preferably 900-1150° C., and the higher temperature leads
to a higher gettering effect since diffusion of the metal
element is promoted in the second oxide film 58.

[0146] (3-6) FIG. 6A

[0147] Subsequently, after the second oxide film 58
(shown in FIG. 5E) is removed by using a buffered hydrof-
luoric acid, patterning is performed by general photolithog-
raphy and dry etching to form a CG silicon film 54b for a
peripheral drive circuit and a p-Si film 55b for a display unit.
A third oxide film 59 having a thickness of 80 nm as a gate
insulating film is formed on these patterned CG silicon film
54b for a peripheral drive circuit and p-Si film 55b for a
display unit by the CVD method. Then, a p-Si film is further
deposited 300 nm by the CVD method, and the p-Si film is
patterned by general photolithography and dry etching to
form gate electrodes 60 above central portions of the CG
silicon film 54b for a peripheral drive circuit and the p-Si
film 55b for a display unit. The portion of the CG silicon film
14b for a peripheral drive circuit and the p-Si film 155 for
a display unit below these gate electrodes 20 become TET
active regions 54¢, 55¢. At this time, the p-Si film 55b for a
display unit is provided with two gate electrodes 60. This is
called a dual gate structure, and stabilizes TFT characteris-
tics, thereby improving uniformity of characteristics of a
TFT for a display unit. The portions of the CG silicon film
54b for a peripheral drive circuit and the p-Si film 556 for
a display unit, which are disposed under these gate elec-
trodes 60, become TFT active regions 54c, 55¢ later (shown
in FIG. 6B).

[0148] (3-7) FIG. 6B

[0149] Subsequently, about 3x10'* atoms/cm® of phos-
phorous ions are implanted into the CG silicon film 54b
(Shown in FIG. 6A) and the p-Si film 55b (Shown in FIG.
6A) for a display unit by using the gate electrodes 60 as
masks to form a low-concentration impurity region 61c and
TFT active regions 54c¢, 55¢.

[0150] (3-8) FIG. 6C

[0151] Subsequently, general photolithography is per-
formed to cover a part of the low-concentration impurity
region 61¢ adjacent to the TFT active region 55¢ and the gate
electrode 60 on the TFT active region 55¢ with a resist 70.
Subsequently, about 2x10** atoms/cm?® of phosphorous ions
are implanted into the low-concentration impurity region
61c (shown in FIG. 6B) except for the region covered with
the resist 70 to form a source region 61a and a drain region
61b, which are high-concentration impurity regions. In the
TFT thus formed, low-concentration impurity regions 61c
are formed between the TFT active region 53¢ and the
source region 61a and between the TFT active region 55¢
and the drain region 61b.

[0152] (3-9) FIG. 6D

[0153] Subsequently, after the resist 70 (shown in FIG.
6C) is removed, a fourth oxide film 62 as an interlayer
insulating film having a thickness of 600 nm is formed over
the whole surfaces of the third oxide film 59 and the gate
electrode 60 by the CVD method. Then, to activate the
phosphorous ions implanted in the source region 61a, drain
region 61b and low-concentration impurity region 61c, heat
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treatment is performed in a nitrogen atmosphere at 950° C.
for 30 minutes. Subsequently, source contact holes 67 and
drain contact holes 68 are formed in the third and the fourth
oxide film 39, 62 on the source regions 61a and the drain
regions 61b by general photolithography and dry etching.

[0154] (3-10) FIG. 6K

[0155] Finally, AlSi having a thickness of 400 nm, a
nitride film having a thickness of 400 nm and a transparent
conductive film (ITO) having a thickness of 80 nm are
successively deposited and subjected to photolithography
and dry etching, which are repeated. Then, there are formed
source wiring 63 which is made of AlSi and brought into
contact with the source region 61a by the source contact hole
67, a drain electrode 64 which is made of AlSi and brought
into contact with the drain region 615 by the drain contact
hole 68, an interlayer film 65 made of a nitride film, a pixel
contact hole 69 penetrating through the interlayer film 65 on
the drain electrode 64 and a pixel electrode 66 made of a
transparent conductive film.

[0156] Thus, a driver monolithic type active matrix circuit
can be manufactured by the method of manufacturing a
semiconductor device shown in the above (3-1) to (3-10).

[0157] The driver monolithic type active matrix circuit of
the third embodiment has the same effect as that of the driver
monolithic type active matrix circuit of the second embodi-
ment, and can uniform and stabilize transistor characteristics
by forming the TFT for a display unit in a dual LDD
structure.

[0158] (Fourth Embodiment)

[0159] FIG. 7 shows processes of manufacturing a driver
monolithic type active matrix circuit as a semiconductor
device according to a fourth embodiment of the invention. In
FIGS. 7, a peripheral drive circuit is shown on the left side,
and a matrix circuit of a display unit is shown on the right
side. For simplification, only an N-MOS transistor of the
peripheral drive circuit is shown, and a P-MOS transistor is
not shown since it is easily inferred.

[0160] Since this fourth embodiment is formed through
almost the same processes as those of the third embodiment,
drawings of those processes are omitted and only a cross
sectional view showing a process where a final TFT is
formed.

[0161] This fourth embodiment is a driver monolithic type
active matrix circuit manufactured by implanting a high
concentration of phosphorous ions without covering a part
of a low-concentration impurity region 61c sandwiched
between the TFT active regions 53¢ with a resist to form a
high-concentration impurity region 61d in a part of the
region sandwiched between the TFT active regions 55¢ in
the process (3-8) of the third embodiment.

[0162] The driver monolithic type active matrix circuit of
the fourth embodiment has the same effect as that of the
driver monolithic type active matrix circuit of the third
embodiment.

[0163] (Fifth Embodiment)

[0164] FIG. 8 shows processes of manufacturing a driver
monolithic type active matrix circuit as a semiconductor
device according to a fifth embodiment of the invention. In
FIG. 8, a peripheral drive circuit is shown on the left side,
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and a matrix circuit of a display unit is shown on the right
side. For simplification, only an N-MOS transistor of the
peripheral drive circuit is shown, and a P-MOS transistor is
not shown since it is easily inferred.

[0165] Since this fifth embodiment is formed through
almost the same processes as those of the third embodiment,
drawings of those processes are omitted and only a cross
sectional view showing a process where a final TFT is
formed.

[0166] This fifth embodiment is a driver monolithic type
active matrix circuit manufactured by implanting a high
concentration of phosphorous ions without covering the
whole low-concentration impurity region 61c¢ sandwiched
between the TFT active regions 55¢ with a resist to form a
high-concentration impurity region 61e in the region sand-
wiched between the TFT active regions 55¢ in the process
(3-8) of the third embodiment.

[0167] The driver monolithic type active matrix circuit of
the fifth embodiment has the same effect as that of the driver
monolithic type active matrix circuit of the third embodi-
ment.

[0168]

[0169] FIGS. 9 and 10 show processes of manufacturing
a driver monolithic type active matrix circuit as a semicon-
ductor device according to a sixth embodiment of the
invention. The manufacturing process proceeds from FIGS.
9A-9E to FIGS. 10A-10E successively. In FIGS. 9 and 10,
a peripheral drive circuit is shown on the left side, and a
matrix circuit of a display unit is shown on the right side. For
simplification, only an N-MOS transistor of the peripheral
drive circuit is shown, and a P-MOS transistor is not shown
since it is easily inferred.

[0170] (4-1) FIG. 9A

[0171] First, an amorphous silicon film a-Si film 82 is
deposited 70 nm on a quartz substrate 81 by the plasma CVD
method or the LPCVD method. A protection film 83 made
of a SiO, film is laminated 100 nm by the atmospheric CVD
method or the like. Then, the protection film 83 is patterned
by general photolithography and wet etching to expose a
part of the a-Si film 82. At this time, the protection film 83
is patterned so that a region to be used as a peripheral drive
circuit is within a region where the a-Si film 82 is exposed
and that a region to be used as a matrix circuit of a display
unit is within a region protected by the protection film 83.

[0172] (4-2) FIG. 9B

[0173] Subsequently, the whole surface of the a-Si film 82
(shown in FIG. 9A) and the protection film 83 is coated with
an aqueous solution in which 10 ppm of nickel acetate
Ni(CH,COOH), is dissolved by spinning to add nickel Ni as
a catalyst metal element for promoting crystallization of
silicon Si. The nickel Ni concentration in the a-Si film 82
surface is set to be about 3x10'? atoms/ecm?. Furthermore,
sputtering, CVD, plasma treatment, vapor deposition or the
like can also be employed as a method of adding the nickel
Ni to the a-Si film 82 surface. Subsequently, heat treatment
is performed in a nitrogen atmosphere to crystallize the a-Si
film 82 and thereby form a CG silicon film 84. This heat
treatment is preferably performed at temperature in the
range of 500-700° C. Conditions of this embodiment are
600° C. for 12 hours . At this time, the a-Si film 82 under the

(Sixth Embodiment)
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protection film 83 does not become a CG silicon film since
the catalyst metal is not added thereto. However, crystalli-
zation of silicon Si is promoted by heat treatment at 600° C.
for 12 hours , and the a-Si film 82 under the protection film
83 becomes a pSi film 85. Furthermore, the CG silicon film
also grows from a boundary between an exposed portion of
the a-Si film 82 and the protection film 83 towards the inside
of the a-Si film 82 under the protection film 83. This growth
distance is about 100 gm from the boundary between the
exposed portion of the a-Si film 82 and the protection film
83 to the p-Si film 85 side. The film in this portion is
assumed as a CG silicon film 84a. This CG silicon film 84a
is not used for active regions of a TFT for a peripheral drive
circuit and a TFT for a display unit. Therefore, it is designed
in advance such that a TFT is not formed in a region of the
CG silicon film 844, and hence the active regions of a TFT
for a peripheral drive circuit and a TFT for a display unit are
inevitably distant from each other by 100 #m or more.

[0174]

[0175] Subsequently, a first oxide film 86 is laminated 200
nm on the CG silicon film 84 containing nickel Ni and the
protection film 83 by the atmospheric CVD method or the
like. At this time, the protection film 83 may be removed by
etching before the first oxide film 86 is laminated. Then, the
first oxide film 86 and the protection film 83 are patterned by
general photolithography and wet etching to expose the CG
silicon film 84, a part of the p-Si film 85 and CG silicon film
84a.

[0176]

(4-3) FIG. 9C

(4-4) FIG. 9D

[0177] Subsequently, about 2x10™ atoms/cm® of phos-
phorous ions are implanted over the whole substrate. At this
time, the protection film 83 and the first oxide film 86 serve
as implantation masks, and the phosphorous ions are
implanted into a region where the CG silicon films 84, 84a
and the p-Si film 85 are exposed so that a silicon film 87
containing a high concentration of phosphorous is formed.
This phosphorous is used as a gettering element for remov-
ing nickel Ni, which is the introduced catalyst metal ele-
ment. Subsequently, by heating under conditions of 600° C.
for 24 hours, the nickel Ni element in a region covered with
the first oxide film 86 in the CG silicon film 84 and the p-Si
film 85 is gettered into the silicon film 87 containing a high
concentration of phosphorous. At this time, the temperature
is preferably in the range of 500-800° C. The higher tem-
perature leads to a higher gettering effect. At this time, the
p-Si film 85, to which nickel Ni is not added intentionally,
is also provided with a gettering region to getter nickel Ni.
This is to prevent the nickel Ni element from being intro-
duced from the CG silicon film 84, to which nickel Ni is
added, into the p-Si film 85, by diffusion.

[0178] (4-5) FIG. 9E

[0179] Subsequently, the whole surface of the CG silicon
film 87 containing a high concentration of phosphorous
(shown in FIG. 9D) is removed by dry etching. Further, the
whole surfaces of the protection film 83 (shown in FIG. 9D)
and the first oxide film 86 (shown in FIG. 9D) are removed
by using a buffered hydrofluoric acid. The remaining CG
silicon film 84 and p-Si film 85 contain little nickel Ni
element due to a gettering effect of the CG silicon film 87
containing a high concentration of phosphorous.
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[0180] (4-6) FIG. 10A

[0181] Subsequently, the CG silicon film 84 and the p-Si
film 85 are reduced by dry etching, and then further heated
at 950° C. in an O, atmosphere so that a second oxide film
88 is formed on the surfaces of the CG silicon film 84 and
the p-Si film 834, by which the CG silicon film 84 and the
p-Si film 85 are further reduced. Finally, the CG silicon film
84 and the p-Si film 85 are formed in thickness in the range
of 20-60 nm. Desirably, due to the relationship of the
source-drain contact resistance, drain contact resistance and
OFF current, the CG silicon film 84 and the p-Si film 85 are
formed in thickness in the range of 35-50 nm. This film
reducing process is performed to improve TFT characteris-
tics since a thinner TFT active region leads to a lower OFF
current. Furthermore, the oxidation process in the O, atmo-
sphere is called a second gettering and has an effect of
further removing the metal element (Ni) reduced by the
aforementioned gettering. This second gettering has a higher
gettering effect when the heat treatment is performed in an
oxidative atmosphere containing at least one kind of halogen
element out of HCl, HF, HBr, CL,, F,, Br, and so on. The
temperature range in the second gettering is preferably
900-1150° C., and the higher temperature leads to a higher
gettering effect since diffusion of the metal element is
promoted in the second oxide film 88. The film reducing
process is not limited to the above mentioned method and
can be performed, e.g., only by the dray etching or only by
the thermal oxidation.

[0182] (4-7) FIG. 10B

[0183] Subsequently, after the second oxide film 88
(shown in FIG. 10A) is removed by using a buffered
hydrofluoric acid, patterning is performed by general pho-
tolithography and dry etching to form a CG silicon film 84b
for a peripheral drive circuit and a p-Si film 85b for a display
unit. A third oxide film 89 having a thickness of 80 nm as a
gate insulating film is formed on these patterned CG silicon
film 84b for a peripheral drive circuit and p-Si film 85b for
a display unit by the CVD method. Then, a p-Si film is
further deposited 300 nm by the CVD method, and the p-Si
film is patterned by general photolithography and dry etch-
ing to form gate electrodes 90 above central portions of the
CG silicon film 84b for a peripheral drive circuit and the p-Si
film 855 for a display unit. The portion of the CG silicon film
84b for a peripheral drive circuit and the p-Si film 85b for
a display unit below these gate electrodes 90 become TFT
active regions 84c, 85¢ (shown in FIG. 10C).

[0184] (4-8) FIG. 10C

[0185] Subsequently, about 2x10° atoms/em® of phos-
phorous ions are implanted into the CG silicon film 84b
(Shown in FIG. 10B) and the p-Si film 85b for a display unit
(shown in FIG. 10B) by using the gate electrodes 90 as
masks to form source regions 91a, drain regions 915 and
TFT active regions 84c, 85c¢. A fourth oxide film 92 as an
interlayer insulating film is formed 600 nm on the whole
surfaces of the third oxide film 89 and the gate electrodes 90
by the CVD method. Then, heat treatment is performed in a
nitrogen atmosphere at 950° C. for 30 minutes to activate
phosphorous ions implanted in the source regions 91a and
the drain regions 91b. Subsequently, source contact holes 97
and drain contact holes 98 are formed in the third and the
fourth oxide film 89, 92 on the source regions 91a and the
drain regions 916 by general photolithography and dry
etching.
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[0186] (4-9) FIG. 10D

[0187] Finally, AlSi having a thickness of 400 nm, a
nitride film having a thickness of 400 nm and a transparent
conductive film (ITO) having a thickness of 80 nm are
successively deposited and subjected to photolithography
and dry etching, which are repeated. Then, there are formed
source wiring 93 which is made of AlSi and brought into
contact with the source region 91a by the source contact hole
97, a drain electrode 94 which is made of AlSi and brought
into contact with the drain region 91b by the drain contact
hole 98, an interlayer film 95 made of a nitride film, a pixel
contact hole 99 penetrating through the interlayer film 95 on
the drain electrode 94 and a pixel electrode 96 made of a
transparent conductive film.

[0188] Thus, a driver monolithic type active matrix circuit
can be manufactured by the method of manufacturing a
semiconductor device shown in the above (4-1) to (4-9).

[0189] The driver monolithic type active matrix circuit of
the sixth embodiment has the same effect as that of the driver
monolithic type active matrix circuit of the first embodi-
ment. Sufficient crystal growth can be obtained by forming
the a-Si film 82 in thickness of 110 nm. Furthermore, ON
and OFF characteristics of a TFT become more favorable
when the thickness of the initial a-Si film 82 before the film
thickness is reduced is larger.

[0190] Furthermore, the thickness of the TFT active
regions 84c, 85¢ is reduced and the OFF current value
becomes lower by reducing the thickness of the CG silicon
film 84 and the p-Si film 85 by dry etching and oxidation,
and thus a favorable TFT OFF characteristics can be
obtained.

[0191] Ttis noted that the above first to sixth embodiments
are examples of TFTs of a semiconductor device manufac-
tured by the present invention, and material, film thickness,
forming method and so forth thereof are not limited to those
used therein.

[0192] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to
be included within the scope of the following claims.

What is claimed is:

1. Asemiconductor device including a display unit having
pixel electrodes arranged in a matrix and transistors for a
pixel connected to the pixel electrodes and a peripheral drive
circuit having a transistor for a peripheral drive circuit
provided outside the display unit, wherein

the transistor for a peripheral drive circuit has a first
crystalline silicon film, which is to be a crystal grown
active region formed by introducing a catalyst metal
into an amorphous silicon film and heating the film;

the transistor for a pixel has a second crystalline silicon
film, which is to be an active region, formed by
crystallizing the amorphous silicon film without intro-
ducing the catalyst metal; and

the concentration of the catalyst metal in the second
crystalline silicon film is lower than the concentration
of the catalyst metal in the first crystalline silicon film.
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2. The semiconductor device according to claim 1,
wherein the concentration of the catalyst metal in the first
crystalline silicon film is in the range of 1x10™ atoms/cm’
or higher and lower than 1x10"° atoms/cm”.

3. The semiconductor device according to claim 2,
wherein,

the transistor for a pixel has an active region, a pair of
high-concentration impurity regions, which are to be
source regions, and drain regions formed on both sides
of the active region and a pair of low-concentration
impurity region formed between the source region and
the active region and between the drain region and the
active region.

4. The semiconductor device according to claim 2,

wherein,

the transistor for a pixel has two active regions formed
with a prescribed gap therebetween, a pair of high-
concentration impurity regions to be used as a source
region and a drain region formed on both sides of the
two active regions, a pair of low-concentration impu-
rity regions formed between the high-concentration
impurity region to be used as the source region and one
of the active regions adjacent to the high-concentration
impurity region and between the high-concentration
impurity region to be used as the drain region and the
other active region adjacent to the high-concentration
impurity region, and an impurity region formed in a
region sandwiched between the two active regions.

5. The semiconductor device according to claim 4,

wherein,

the impurity region formed in the region sandwiched
between the two active regions contains at least either
one of:

an impurity region having the same concentration as

that of the pair of high-concentration impurity

regions, which are to be the source region and the

drain region, or an impurity region having the same

concentration as that of the pair of low-concentration
impurity regions.

6. The semiconductor device according to claim 2,

wherein

the active region of the transistor for a peripheral drive
circuit formed in the first crystalline silicon film and the
active region of the transistor for a pixel formed in the
second crystalline silicon film have a distance of at
least 100 um or longer therebetween.
7. A semiconductor device manufacturing method of
manufacturing the semiconductor device according to claim
2, wherein,

the catalyst metal in the first crystalline silicon film is
removed by gettering.

8. A method of manufacturing a semiconductor device
including a display unit having pixel electrodes arranged in
a matrix and tranosistors for a pixel connected to the pixel
electrodes and a peripheral drive circuit having a transistor
for a peripheral drive circuit provided outside the display
unit, which comprises the steps of:

forming an amorphous silicon film over the whole surface
of a substrate;
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forming a protection film on a region to be used as a
display unit in the amorphous silicon film;

after forming the protection film, introducing a catalyst
metal into the region to be used as a peripheral drive
circuit in the amorphous silicon film except for the
region covered with the protection film;

after introducing a catalyst metal into the region to be
used as the peripheral drive circuit, forming a crystal-
line silicon film by heating the amorphous silicon film
to grow crystals in the region to be used as a peripheral
drive circuit and the region to be used as a display unit;
and

removing the catalyst metal in the crystalline silicon film
by gettering.
9. The method of manufacturing a semiconductor device
according to claim 8, wherein

the catalyst metal is at least one kind selected from Fe, Co,
Ni, Pd, Pt, Cu, Au, In and Sn.
10. The method of manufacturing a semiconductor device
according to claim 8, wherein

the protection film formed on the region to be used as a
display unit in the amorphous silicon film is silicon
oxide having a film thickness of 100 nm or larger.

11. The method of manufacturing a semiconductor device

according to claim 8, wherein

in the step of growing crystals in the region to be used as
a peripheral drive circuit and the region to be used as
a display unit by heating the amorphous silicon film to
form a crystalline silicon film, the heating temperature
is in the range of 500-700° C.
12. The method of manufacturing a semiconductor device
according to claim 8, wherein

the step of removing the catalyst metal from the crystal-
line silicon film by gettering includes steps of:

introducing a 15th group element selectively into the
crystalline silicon film;

moving the catalyst metal in the crystalline silicon film
by heating the crystalline silicon film to a region of
the crystalline silicon film into which the 15th ele-
ment is selectively introduced; and

after moving the catalyst metal in the crystalline silicon
film to a region in the crystalline silicon film into
which the 15th group element is selectively intro-
duced, etching is performed to remove the region in
the crystalline silicon film to which the catalyst metal
is moved.
13. The method of manufacturing a semiconductor device
according to claim 12, wherein

the region in the crystalline silicon film into which the
15th group element is selectively introduced is formed
not only in the region to be used as a peripheral drive
circuit into which the catalyst metal is introduced, but
also in the region to be used as a display unit into which
the catalyst metal is not introduced.

14. The method of manufacturing a semiconductor device

according to claim 12, wherein

in the step of moving the catalyst metal in the crystalline
silicon film by heating the crystalline silicon film to the
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region in the crystalline silicon film into which the 15th
group element is selectively introduced, the heating
temperature is in the range of 500-800° C.
15. The method of manufacturing a ssmiconductor device
according to claim 8, wherein

after the step of growing crystals in the region to be used
as a peripheral drive circuit and the region to be used
as a display unit by heating the amorphous silicon film
to form a crystalline silicon film, a step of reducing the
film thickness of at least a region to be used as the
active region of a display unit in the crystalline silicon
film is included.

16. The method of manufacturing a semiconductor device

according to claim 15, wherein

in the step of forming an amorphous silicon film on the
whole surface of the substrate, the thickness of the
amorphous silicon film is in the range of 100-150 nm.
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17. The method of manufacturing a semiconductor device
according to claim 15, wherein

in the step of reducing the film thickness of at least a
region to be used as the active region of a display unit
in the crystalline silicon film, the film thickness is
reduced by thermal oxidation.

18. The method of manufacturing a semiconductor device

according to claim 15, wherein

in the step of reducing the film thickness of at least a
region to be used as the active region of a display unit
in the crystalline silicon film, the thickness of the
reduced crystalline silicon film is in the range of 20-60
nm.
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