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(57) ABSTRACT 
In order to fabricate a high performance thin ?lm semicon 
ductor device using a temperature process in Which it is 
possible to use inexpensive glass substrates, a highly crys 
talline miXed-crystallinity semiconductor ?lm is deposited 
by means of PECVD using a silane as the source gas and 
argon as the dilution gas, then the crystallinity of this ?lm is 
improved by such means as laser irradiation. Thin ?lm 
semiconductor devices fabricated in this Way are used in the 
manufacture of such things as liquid crystal displays and 
electronic devices. 

In applying the present invention to the fabrication of an 
active matrix liquid crystal display, it is possible to both 
easily and reliably fabricate a large, high-quality liquid 
crystal display. Additionally, in applying the present inven 
tion to the fabrication of other electronic circuits as Well, it 
is possible to both easily and reliably fabricate high-quality 
electronic circuits. 
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THIN FILM SEMICONDUCTOR DEVICE AND 
METHOD FOR PRODUCING THE SAME 

FIELD OF TECHNOLOGY 

[0001] The present invention relates ?rst of all to thin ?lm 
semiconductor devices, and the fabrication methods for such 
devices, Which are suitable for active matrix liquid crystal 
displays and the like. The present invention also relates to 
liquid crystal displays for Which the thin ?lm semiconductor 
devices are appropriate, the fabrication processes for such 
liquid crystal displays, electronic devices, and the fabrica 
tion processes for such electronic devices. Further, the 
present invention relates to thin ?lm deposition processes 
using plasma-enhanced chemical vapor deposition 
(PECVD). 

BACKGROUND TECHNOLOGY 

[0002] In recent years, along With increases in screen siZe 
and improvements in resolution, the driving methods for 
liquid crystal displays (LCDS) are moving from simple 
matrix methods to active matrix methods; and the displays 
are becoming capable of displaying large amounts of infor 
mation. LCDs With more than several tens of thousands 
pixels are possible With active matrix methods Which place 
a sWitching transistor at each pixel. Transparent insulating 
substrates such as fused quartZ and glass Which alloW the 
fabrication of transparent displays are used as substrates for 
all types of LCDs. Although ordinarily semiconductor layers 
such as amorphous silicon or polycrystalline silicon are used 
as the active layer in thin ?lm transistors (TFTs), the use of 
polycrystalline silicon Which has higher operating speed is 
advantageous When producing monolithic displays Which 
include integrated driving circuits. When polycrystalline 
silicon is used as the active layer, fused quartZ is used as the 
substrate; and a so-called “high temperature” process in 
Which the maximum processing temperature exceeds 1000° 
C. is used to fabricate the TFTs. In this case, the mobility of 
the polysilicon layer attains values from about 10 cm ><V_ 
1><S€C_1 to 100 cm2><V_1><sec_1. 

[0003] On the other hand, for the case of an amorphous 
silicon active layer, a common glass substrate can be used 
since the maximum processing temperature is about 400° C. 
The mobility of an amorphous silicon layer attains values 
from about 0.1 cm2><V_1><sec_1 to 1 cm_2><V_1><sec_1. For 
increases in LCD display siZe While maintaining loW costs, 
the use of loW-cost common glass substrates is indispens 
able. The previously mentioned amorphous silicon layers, 
hoWever, have such problems as electrical characteristics far 
inferior to those of polysilicon layers and sloW operating 
speed. Since the high temperature process polysilicon TFTs 
use quartZ substrates, hoWever, there are problems With 
increasing display siZe and decreasing costs. Therefore, 
there is presently a strong need for technology Which can 
fabricate a thin ?lm semiconductor device employing a 
semiconductor layer such as polycrystalline silicon as the 
active layer upon a common glass substrate. But, When using 
large substrates Which are Well-suited to mass production, 
there is a severe restriction in that the substrates must be kept 
beloW a maximum processing temperature of about 400° C. 
in order to avoid substrate deformation. In other Words, 
technology Which can produce, under such restrictions, the 
active layer of thin ?lm transistors capable of controlling a 
liquid crystal display and of thin ?lm transistors Which can 
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operate driving circuits at high speed is desired. These 
devices are presently knoWn as the loW temperature poly-Si 
TFTS, and development of them is progressing. 

[0004] The ?rst type of prior art corresponding to existing 
loW temperature poly-Si TFTs is shoWn on p. 387 of the SID 
(Society for Information Display) ’93 Digest (1993). 
According to this description, 50 nm of amorphous silicon 
(a-Si) is ?rst deposited at 550° C. by LPCVD using monosi 
lane (SiH4) as the source gas and then converted from a-Si 
to poly-Si by laser irradiation. After patterning of the poly-Si 
layer, a gate insulator layer of SiO2 is deposited by ECR 
PECVD at a substrate temperature of 100° C. FolloWing 
formation of the tantalum (Ta) gate electrode on top of the 
gate insulator layer, self-aligned transistor source and drain 
regions are formed in the silicon layer by ion implantation 
of donor or acceptor impurities While using the gate elec 
trode as a mask. This ion implantation, knoWn as “ion 
doping”, is accomplished by a non-mass separating ion 
implanter. Hydrogen-diluted phosphine (PH3), diborane 
(BZHG) or similar gas is used as a source gas for ion doping. 
Activation of the impurities is carried out at 300° C. Fol 
loWing deposition of an interlevel insulator layer, electrodes 
and interconnects such as indium tin oxide (ITO) and 
aluminum are deposited to complete the thin ?lm 
semiconductor device. Therefore, the maximum processing 
temperature in this prior art is the 550° C. used for deposi 
tion of the a-Si by LPCVD (abbreviated hereafter as LPCVD 
a-Si). 
[0005] The prior art exempli?ed in Japanese Unexamined 
Patent Application Heisei 6-163401 is representative of a 
second type of existing loW temperature poly-Si TFT tech 
nology. The principle feature of this technology, in contrast 
to the use of LPCVD a-Si in the ?rst type of prior art, is a 
process in Which an a-Si ?lm is deposited by plasma CVD 
(PECVD), the deposited ?lm is given a so-called “dehydro 
genation anneal” at a temperature betWeen approximately 
300° C. and 450° C., and then laser irradiated to form a 
poly-Si ?lm. The folloWing description is given in paragraph 
[0033] of the same document. “Using plasma CVD, a 200 
nm thick silicon oxide passivation layer 2 and a 100 nm 
thick amorphous silicon thin ?lm 3 Were formed on top of 
glass substrate 1 (Corning 7059) at a substrate temperature 
of 200° C. After a 30 minute anneal at 300° C., amorphous 
silicon ?lm 3 Was polycrystalliZed using a 13 W argon ion 
laser, focused to approximately a 50 mm diameter spot siZe, 
With a scan speed of approximately 11 m/sec (scan speed of 
the beam spot diameter><220000/sec).” 

[0006] As shoWn in this example, thermal annealing prior 
to the crystalliZation step is necessary When crystalliZing an 
a-Si ?lm deposited by PECVD (abbreviated hereafter as 
PECVD a-Si). If annealing is not done or if the temperature 
of the anneal is loW, crystalliZation does not proceed at all 
When the irradiating laser energy intensity is Weak. Con 
versely, if the energy intensity is strong, the Si ?lm is 
damaged and the PECVD a-Si ?lm again does not crystalliZe 
at all. This situation Will be explained using the inventor’s 
experimental results shoWn in FIG. 1. 

[0007] The sample is a glass substrate (Nippon Electric 
Glass Co., Ltd.’s OA-2) on top of Which Was deposited a 
2500 A thick a-Si ?lm by a parallel plate PECVD reactor. 
The deposition conditions Were a monosilane (SiH4) ?oW 
rate of 225 SCCM, a hydrogen (H2) ?oW rate of 1300 
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SCCM, RF power of 150 W, pressure of 1.3 torr, electrode 
surface area of 1656 cm2 (giving an applied poWer density 
of 0.091 W/cm2), electrode separation distance of 24.4 mm, 
a substrate temperature of 300° C., and a deposition rate of 
the PECVD a-Si ?lm at this time of 547 A/min. This ?lm is 
a typical PECVD a-Si from the prior art and contains 
approximately 10.3 atomic % hydrogen and has a silicon 
atomic density of 4.38><1022 cm_3. Additionally, the infrared 
absorption spectrum (IR) for this a-Si ?lm is shoWn in FIG. 
5; and Raman spectroscopy results are shoWn in FIG. 6. The 
Si—H stretching mode can be seen around 2000 cm-1 in the 
infrared absorption spectrum of FIG. 5. On the other hand, 
the transverse optical component from amorphous silicon 
can be seen around 480 cm'1 by Raman spectroscopy. Both 
results indicate that the amorphous ?lm is a-Si in Which 
hydrogen is bonded to silicon. 

[0008] FIG. 1 shoWs the results of laser irradiation fol 
loWing annealing of the a-Si ?lm in a nitrogen atmosphere 
at a ?xed temperature for one hour. The horiZontal axis of 
FIG. 1 shoWs the annealing temperature, and the vertical 
axis shoWs the laser energy. A. D. on the horiZontal axis is 
an abbreviation for “as-deposited” and means the PECVD 
a-Si ?lm immediately after deposition Which has been given 
no annealing treatment. In FIG. 1,A indicates an amorphous 
condition, C indicates a crystalliZed condition, and D indi 
cates a damaged condition. For example, the position 
labeled A at A. D. on the horiZontal axis and 150 mJ-cm'2 
on the vertical axis indicates that When the unannealed 
PECVD a-Si ?lm Was laser irradiated at an energy density 
of 150 mJ-cm_2, the ?lm remained amorphous after the laser 
irradiation. 

[0009] As shoWn in this ?gure, for PECVD a-Si ?lms of 
the prior art, crystalliZation does not proceed at all for the 
as-deposited condition if the energy is loW (approximately 
160 mJ><cm_2 or less), and damage is introduced if the 
energy is high (160 mJ><cm_2 or more) and all function as a 
semiconductor is lost. When the PECVD a-Si ?lm is 
annealed, the crystalliZed region (the region marked as C in 
FIG. 1) expands as the annealing temperature increases. For 
example, for a ?lm annealed at 300° C., the only point for 
Which crystalliZation occurs is at a laser energy of 180 
mJ><cm_2; but if the annealing temperature is raised to 390° 
C., crystalliZation occurs over a Wide range of energies from 
190 mJ><cm_2 to 310 mJ><cm_2. 

[0010] Although FIG. 1 has been classi?ed into three 
regions of amorphous (A), crystalline (C), and damaged (D) 
in order to make the condition of the Si ?lm easy to 
understand, the crystalliZation energy region (C) can be 
further subdivided into regions in Which the crystalliZation 
proceeded signi?cantly, crystalliZed regions Which are rela 
tively close to amorphous, and crystalliZed regions Which 
have damage. Regions in Which crystalliZation advanced 
signi?cantly are shoWn as circled C’s in FIG. 1. These 
regions shoWed a relatively high degree of crystallinity of 
70% or greater as measured by multiple Wavelength spec 
troscopic ellipsometry or Raman spectroscopy. 

[0011] As a result, in order to crystalliZe a PECVD a-Si by 
laser irradiation, the deposited ?lm must be annealed at a 
temperature of around 4000 C. or higher. Because of non 
uniformity in laser energy density from shot to shot during 
laser irradiation and to obtain a uniform, high-quality crys 
talliZed ?lm, an actual annealing temperature of approxi 
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mately 450° C. or higher is used. For loW temperature 
process poly-Si TFTs corresponding to the second type of 
prior art, poly-Si TFTs are produced using the same process 
described above for the ?rst type of loW temperature poly-Si 
TFT prior art While making use of polycrystalline silicon 
?lms obtained as explained in the preceding section. Con 
sequently, the maximum processing temperature in the sec 
ond type of prior art is the approximately 450° C. tempera 
ture used in annealing prior to the crystalliZation step of the 
PECVD a-Si. 

[0012] The prior art exempli?ed in Japanese Unexamined 
Patent Application Heisei 5-275336 is representative of a 
third type of existing loW temperature poly-Si TFT technol 
ogy. In this prior art, during crystalliZation of the PECVD 
a-Si ?lm by laser irradiation, crystalliZation is achieved 
Without damage by gradually increasing the laser energy. 
Claim 1 of the same Patent Application states “In the 
fabrication and polycrystalliZation procedure of a hydroge 
nated amorphous semiconductor ?lm by laser irradiation, a 
polycrystalline semiconductor thin ?lm fabrication process 
characteriZed by the gradual increase in laser irradiation 
energy and the gradual dehydrogenation of the hydrogenated 
amorphous semiconductor ?lm.” Additionally, the folloWing 
comments are made in paragraphs [0022] to [0026] of the 
same document. 

[0013] Concerning the laser irradiation of the a-Si: H ?lm, 
the laser output energy is initially set at a value less than that 
necessary to effect crystalliZation of the a-Si: H ?lm; and, 
While scanning repeatedly at a ?xed energy such as 160 m] 
(actually, since the overall transmission of the optical system 
is 70% and the beam siZe is 0.9 cm><0.9 cm, the energy 
density at the surface of the ?lm is 138 mJ/cm2), the amount 
of hydrogen is monitored With a mass spectrometer until the 
point at Which the amount is found not to change signi? 
cantly from the previous laser scan, after Which the output 
energy is increased slightly to a value such as 200 m] 
(energy density of 173 mJ/cm2) and the laser again scanned 
repeatedly While monitoring the hydrogen as described 
previously. The energy is then increased, for example, to 240 
m] (energy density of 207 mJ/cm2) and the same process 
repeated, so that by gradually increasing the energy and 
repeating the above process, the hydrogen contained Within 
the a-Si: H ?lm is liberated little by little. After this, the 
aforementioned a-Si: H ?lm is converted to a polycrystalline 
silicon layer by using a sufficient laser energy to effect 
crystalliZation. Further, it is also acceptable to change the 
laser irradiation energy by leaving the output energy 
unchanged and constricting the beam siZe (changing the 
energy per unit area of the surface being treated). 

[0014] FIG. 3 is a schematic draWing of this type of laser 
annealing condition. 81 is a glass substrate (one section of 
TFTs has a deposited ?lm), 82 is the a-Si: H ?lm to be used 
for formation of the pixel TFTs, and 83 is the a-Si: H ?lm 
to be used for formation of the drivers. [0024] According to 
this type of speci?c example, ?rst, a relatively loW laser 
energy is used for irradiation of the a-Si: H ?lm; and 
hydrogen corresponding to that energy is liberated. By using 
the same energy for multiple scanning irradiation, hydrogen 
corresponding to the particular energy gradually decreases 
in accordance With the number of scans, and eventually 
essentially all the hydrogen is eliminated. Next, the energy 
is increased slightly above the level used in the previous 
irradiations, and through the same process, hydrogen corre 
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sponding to the increased energy level is gradually gener 
ated and eliminated in accordance With the number of scans. 
In this fashion, by increasing the laser energy, the hydrogen 
is gradually eliminated beginning With hydrogen corre 
sponding to loW energies and progressing to hydrogen 
corresponding to high energies. 

[0015] Consequently, the hydrogen contained in the a-Si: 
H ?lm is gradually eliminated step by step, and since the 
progression to higher energies is made While monitoring the 
amount of hydrogen, the ?lm is essentially undamaged. 
Since the amount of hydrogen remaining in the ?lm is small 
When the essentially dehydrogenated a-Si: H ?lm is irradi 
ated With a high energy in order to polycrystalliZe the ?lm, 
even if the remaining hydrogen is all liberated at once, the 
?lm is not damaged. In contrast, if an a-Si: H ?lm is 
irradiated With suf?cient energy to polycrystalliZe the ?lm, 
the contained hydrogen is liberated all at once in an eruption 
that damages the ?lm. 

[0016] In the process above, When a stage is reached in 
Which the amount of hydrogen generated is less than a 
previously determined amount even if the laser irradiation 
energy is increased, the a-Si: H ?lm is irradiated for the ?rst 
time by laser light having an energy necessary to convert the 
?lm into a polycrystalline ?lm. 

[0017] FolloWing the attainment of a polycrystalline sili 
con ?lm in this manner, poly-Si TFTs are produced by the 
same fabrication procedure described above for the ?rst type 
of prior art. 

[0018] Also, in the single substrate PECVD of the prior 
art, When depositing a thin ?lm, there is a reaction chamber 
and a separate preheating chamber. After the substrate is 
heated in the preheating chamber, the substrate is transferred 
to the reaction chamber by a transfer chamber robot. After 
being set in the reaction chamber, the thin ?lm is deposited 
after the substrate has been further heated in the reaction 
chamber. 

[0019] As described above, hoWever, there are several 
inherent problems With poly-Si TFTs fabricated by each of 
the existing technologies in the prior art of the loW tem 
perature process Which act as impediments to the adoption 
of these technologies into mass production. 

[0020] Problems associated With the ?rst type of prior art. 

[0021] 1-1. The high processing temperature of 550° 
C. prevents the use of loW-priced glass leading to a 
steep rise in product prices. Additionally, the degree 
of Warp of the glass substrates as a result of their oWn 
Weight increases as substrate siZe increases, and 
increases in liquid crystal display (LCD) siZes are 
not possible. 

[0022] 1-2. There is a thought to move from the 
present 360 mm><460 mm glass substrates for LCDs 
to larger 550 mm><650 mm substrates, but there are 
no LPCVD reactors Which can accommodate the 
increase in substrate siZe. 

[0023] Problems associated With the second type of prior 
art. 

[0024] 2-1. Compared to LPCVD a-Si, the appropri 
ate irradiation conditions necessary to obtain uni 
form laser irradiation over the entire substrate are 
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restricted; and as explained previously, the suitable 
range becomes narroWer as the annealing tempera 
ture decreases. As a result, the annealing temperature 
must be increased from about 450° C. to about 500° 
C. Accompanying this, it becomes impossible to use 
loW-priced glass leading to a steep rise in product 
prices. Additionally, the degree of Warp of the glass 
substrates as a result of their oWn Weight increases as 
substrate siZe increases, and increases in liquid crys 
tal display (LCD) siZes are not possible. Conversely, 
With the use of a loW annealing temperature less than 
about 450° C., the degree of crystalliZation from the 
laser irradiation can vary from uniform to non 
uniform from lot to lot and reliable production is not 
possible. If the degree of crystalliZation is loW, a 
good quality crystalline semiconductor ?lm cannot 
be obtained. 

[0025] 2-2. Regardless of Whether the temperature is 
high or loW, annealing is necessary. Therefore, an 
annealing furnace is necessary in addition to the 
PECVD reactor. Since the addition of a vacuum 
system to a common annealing furnace results in an 
LPCVD reactor, the cost of an annealing furnace is 
on the same order as the cost of an LPCVD reactor. 

For this reason, the second type of prior art is 
comparatively more expensive than the ?rst type of 
prior art. Also, as the process becomes longer, the 
product yield decreases. Additionally, as for the case 
in 1-2 above, there are no furnaces available Which 
can accommodate increases in substrate siZe. 

[0026] Problems associated With the third type of prior art. 

[0027] 3-1. As shoWn in the quotation above, in order 
to eliminate hydrogen, multiple laser irradiation 
scanning is done at 135 mJ/cm2, folloWed by mul 
tiple laser irradiation scanning at 173 mJ/cm2, fol 
loWed again by multiple laser irradiation scanning at 
207 mJ/cm2, and the energy is gradually increased 
and the same process repeated. After the majority of 
the contained hydrogen has been eliminated, the a-Si 
?lm is crystalliZed. In order to crystalliZe a PECVD 
a-Si ?lm in this fashion, at least several tens of laser 
irradiations or more are necessary. As a result, the 
productivity decreases noticeably, receding to a steep 
rise in product prices. Additionally, When repeatedly 
irradiating the same location, the atmosphere sur 
rounding the substrate must be carefully controlled. 
If the laser irradiation is carried out in an air atmo 
sphere, oxygen from the atmosphere is incorporated 
into the ?lm With every laser irradiation. During 
dehydrogenation, oxygen can be captured by the 
unsatis?ed bonds (dangling bonds) resulting from 
the loss of hydrogen; and, during crystalliZation, 
oxygen can be incorporated into the ?lm during the 
time When Si atoms are mobile. When the number of 
laser irradiations is several rL petitions, the incorpo 
ration of oxygen from the atmosphere is slight and it 
is not a problem; but if laser irradiation is repeated 
for several tens of repetitions, suf?cient attention 
must be paid to the incorporation of oxygen into the 
?lm. (It goes Without saying that the incorporation of 
oxygen into ?lms of the usual semiconductors such 
as Si, (Ge, GaAs, and others causes a decrease in 
semiconductor properties.) Consequently, in the 
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third type of prior art, if the laser irradiation is not 
performed in vacuum or a nonoxygen atmosphere, it 
is not possible to obtain semiconductor ?lms Without 
oxygen. This means further decreases in productivity 
and further increases in product prices. 

[0028] 3-2. As explained in Section 3-1 above for this 
type of prior art, after laser irradiation scanning With 
a loW laser energy, the energy is gradually increased. 
In crystalliZation by this type of laser irradiation, the 
grain siZe does not become large, and the polycrys 
talline semiconductor ?lm is composed of relatively 
small diameter grains. Therefore, a good quality 
semiconductor cannot be obtained even if there is no 
oxygen incorporation; and the characteristics of a 
thin ?lm semiconductor device using this type of 
?lm Will not be good. 

[0029] The present invention aims to solve the problems 
noted above With the primary purpose of providing a means 
for reliably producing good thin ?lm semiconductor devices 
through a realistically convenient method using a fabrication 
process and processing temperature Which Will alloW the use 
of common large glass substrates. 

[0030] On the other hand, When an amorphous silicon ?lm 
is used as the active layer in a thin ?lm semiconductor 
device (hereafter abbreviated as a-Si TFT), the mobility is 
on the order of 0.1 cm2><V_1><sec_1; and a problem arises in 
that the response speed is too sloW for sWitching elements in 
a high-precision color LCD having, for example, 768 
(roWs)><1024 (columns)><3 (colors)=2359296 (pixels), and 
the TFTs cannot be used. In other Words, there is a strong 
need for a thin ?lm semiconductor device (and accompany 
ing fabrication method) Which has both an equivalent fab 
rication procedure to that of existing a-Si TFT’s and mobili 
ties of 1 cm2><V_1><sec_1 or more. 

[0031] Consequently, the present invention aims, as a 
second objective, to solve the problem noted above With the 
second objective being the provision of a thin ?lm semi 
conductor device, and its fabrication method, Which has a 
fabrication method similar to the fabrication process for a-Si 
TFTs and mobilities greater than or equal to 1 cm2><V_1>< 
sec_1. 

[0032] Also, since preheating chambers are indispensable 
in the deposition method using single substrate PECVD 
reactors, a problem arises in that increases in PECVD 
reactor siZe lead to steep increases in price. Additionally, 
since the temperature of the robot in the transfer chamber is 
around room temperature While the temperature of the 
preheating chamber is more than about 300° C., the tem 
perature of the substrates decreases during the time that the 
substrates are being transferred from the preheating chamber 
to the reaction chamber. After the substrates are set in the 
reaction chamber, a long preheat is still necessary; and this 
is one cause of decreased productivity. 

[0033] Consequently, the present invention aims, as a third 
objective, to solve the problem noted above With the third 
objective being the provision of a thin ?lm deposition 
method Which is both convenient and has high productivity 
even When using a single substrate PECVD reactor. 

DESCRIPTION OF THE INVENTION 

[0034] In a fabrication process for a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
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semiconductor ?lm, said semiconductor ?lm being formed 
on top of an insulating material on the substrate, at least a 
portion of Which is an insulating material; the present 
invention is characteriZed by the inclusion of a process in 
Which said semiconductor ?lm is deposited by means of 
plasma-enhanced chemical vapor deposition (PECVD) to a 
thickness of from approximately 40 nm to 300 nm using 
chemical species containing constitutive elements of said 
semiconductor ?lm as source gases and, moreover, using 
argon as an additional gas. The present invention is also 
characteriZed by the fact that the aforementioned semicon 
ductor ?lm is silicon and the aforementioned source gas is 

a silane (SiH4, Si2H6, Si3H8) 

[0035] In a fabrication process for a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on top of an insulating material on the substrate, at least a 
portion of Which is an insulating material; the present 
invention is characteriZed by the inclusion of a process in 
Which said semiconductor ?lm is deposited by means of 
plasma-enhanced chemical vapor deposition (PECVD) 
using a chemical specie containing constitutive elements of 
said semiconductor ?lm as the source gas With said source 
gas concentration of approximately 6.25% or less; and, 
moreover, using argon as an additional gas. During this 
deposition, the present invention is further characteriZed by 
a deposition rate of approximately 0.15 nm/sec or higher. It 
is also characteriZed by the fact that the aforementioned 
semiconductor ?lm is silicon and the aforementioned source 

gas is a silane (SiH4, SiZHG, Si3H8). 

[0036] In a fabrication process for a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on top of an insulating material on the substrate, at least a 
portion of Which is an insulating material; the present 
invention is characteriZed by the inclusion of a process in 
Which said semiconductor ?lm is deposited by means of 
plasma-enhanced chemical vapor deposition (PECVD) 
using a chemical specie containing constitutive elements of 
said semiconductor ?lm as the source gas With a pressure in 
the reaction chamber during semiconductor ?lm deposition 
of approximately 1.0 Torr or higher, and, moreover, using 
argon as an additional gas. During this deposition, the 
present invention is further characteriZed by a deposition 
rate of approximately 0.15 nm/sec or higher. It is also 
characteriZed by the fact that the aforementioned semicon 
ductor ?lm is silicon and the aforementioned source gas is 

a silane (SiH4, Si2H6, Si3H8). 

[0037] In a fabrication process for a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on top of an insulating material on the substrate, at least a 
portion of Which is an insulating material; the present 
invention is characteriZed by the inclusion of a process in 
Which said semiconductor ?lm is deposited by means of 
plasma-enhanced chemical vapor deposition (PECVD) 
using a chemical specie containing constitutive elements of 
said semiconductor ?lm as the source gas With an electrode 
separation in the reaction chamber during semiconductor 
?lm groWth of approximately 17.8 mm or greater, and, 
moreover, using argon as an additional gas. During this 
deposition, the present invention is further characteriZed by 
a deposition rate of approximately 0.15 nm/sec or higher. It 
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is also characterized by the fact that the aforementioned 
semiconductor ?lm is silicon and the aforementioned source 

gas is a silane (SiH4, Si2H6, Si3H8). 
[0038] In a fabrication process for a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on top of an insulating material on the substrate, at least a 
portion of Which is an insulating material; the present 
invention is characteriZed by the inclusion of a process in 
Which said semiconductor ?lm is deposited by means of 
plasma-enhanced chemical vapor deposition (PECVD) 
using a chemical specie containing constitutive elements of 
said semiconductor ?lm as the source gas With said source 
gas concentration of approximately 6.25% or less, and, 
moreover, using argon as an additional gas and With a 
pressure in the reaction chamber during said semiconductor 
?lm deposition of approximately 1.0 Torr or higher. During 
this deposition, the present invention is further characteriZed 
by a deposition rate of approximately 0.15 nm/sec or higher. 
It is also characteriZed by the fact that the aforementioned 
semiconductor ?lm is silicon and the aforementioned source 

gas is a silane (SiH4, Si2H6, Si3H8). 
[0039] In a fabrication process for a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on top of an insulating material on the substrate, at least a 
portion of Which is an insulating material; the present 
invention is characteriZed by the inclusion of a process in 
Which said semiconductor ?lm is deposited by means of 
plasma-enhanced chemical vapor deposition (PECVD) 
using a chemical specie containing constitutive elements of 
said semiconductor ?lm as the source gas With said source 
gas concentration of approximately 6.25% or less, and, 
moreover, using argon as an additional gas and With an 
electrode separation in the reaction chamber during said 
semiconductor ?lm groWth of approximately 17.8 mm or 
greater. During this deposition, the present invention is 
further characteriZed by a deposition rate of approximately 
0.15 nm/sec or higher. It is also characteriZed by the fact that 
the aforementioned semiconductor ?lm is silicon and the 
aforementioned source gas is a silane (SiH4, Si2H6, Si3H8). 

[0040] In the fabrication process of a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on an insulating material on the substrate, at least a part of 
Which is an insulating material; the present invention is 
characteriZed by the inclusion of a process in Which said 
semiconductor ?lm is deposited by means of plasma-en 
hanced chemical vapor deposition (PECVD) by means of 
plasma-enhanced chemical vapor deposition (PECVD) 
using a chemical specie containing constitutive elements of 
said semiconductor ?lm as the source gas and using argon 
(Ar) as an additional gas While the pressure in the reaction 
chamber during deposition of the aforementioned semicon 
ductor ?lm is not less than about 1.0 Torr, and the electrode 
separation distance is not less than about 17.8 mm. During 
this deposition, the present invention is further characteriZed 
by a deposition rate of approximately 0.15 nm/sec or higher. 
It is also characteriZed by the fact that the aforementioned 
semiconductor ?lm is silicon and the aforementioned source 

gas is a silane (SiH4, Si2H6, Si3H8). 
[0041] In the fabrication process of a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
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semiconductor ?lm, said semiconductor ?lm being formed 
on an insulating material on the substrate, at least a part of 
Which is an insulating material; the present invention is 
characteriZed by the inclusion of a process in Which said 
semiconductor ?lm is deposited by means of plasma-en 
hanced chemical vapor deposition (PECVD) using a chemi 
cal specie containing constitutive elements of said semicon 
ductor ?lm as the source gas and using argon as an 
additional gas While the concentration of the aforementioned 
source gases is not more than 6.25%, the pressure in the 
reaction chamber during deposition of the aforementioned 
semiconductor ?lm is not less than about 1.0 Torr and, 
moreover, that the electrode separation distance is not less 
than about 17.8 mm. During this deposition, the present 
invention is further characteriZed by a deposition rate of 
approximately 0.15 nm/sec or higher. It is also characteriZed 
by the fact that the aforementioned semiconductor ?lm is 
silicon and the aforementioned source gas is a silane (SiH4, 

SiZHG, Si3H8). 
[0042] In the fabrication process of a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on an insulating material on the substrate, at least a part of 
Which is an insulating material; the present invention is 
characteriZed by a ?rst step in Which a semiconductor ?lm 
is deposited by means of plasma-enhanced chemical vapor 
deposition (PECVD) using a chemical specie containing 
constitutive elements of said semiconductor ?lm as the 
source gas and further, using argon as an additional gas; 
and a second step in Which the crystallinity of said semi 
conductor ?lm is improved. During the deposition, the 
present invention is further characteriZed by a deposition 
rate of approximately 0.15 nm/sec or higher. It is also 
characteriZed by the fact that the aforementioned semicon 
ductor ?lm is silicon and the aforementioned source gas is 

a silane (SiH4, Si2H6, Si3H8). 

[0043] In the fabrication process of a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on an insulating material on the substrate, at least a part of 
Which is an insulating material; the present invention is 
characteriZed by a ?rst step in Which a semiconductor ?lm 
is deposited by means of plasma-enhanced chemical vapor 
deposition (PECVD) using a chemical specie containing 
constitutive elements of said semiconductor ?lm as the 
source gas and using argon as an additional gas While 
the concentration of the aforementioned source gases is not 
more than 6.25%; and a second step in Which the crystal 
linity of said semiconductor ?lm is improved. During the 
deposition, the present invention is further characteriZed by 
a deposition rate of approximately 0.15 nm/sec or higher. It 
is also characteriZed by the fact that the aforementioned 
semiconductor ?lm is silicon and the aforementioned source 

gas is a silane (SiH4, Si2H6, Si3H8). 

[0044] In the fabrication process of a thin ?lm semicon 
ductor device having as the active layer of a transistor a 
semiconductor ?lm, said semiconductor ?lm being formed 
on an insulating material on the substrate, at least a part of 
Which is an insulating material; the present invention is 
characteriZed by a ?rst step in Which a semiconductor ?lm 
is deposited by means of plasma-enhanced chemical vapor 
deposition (PECVD) using a chemical specie containing 
constitutive elements of said semiconductor ?lm as the 






















































